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Description

TECHNICAL FIELD

[0001] The present invention relates to a joint mecha-
nism, and more particularly relates to a joint mechanism
primarily for use in a robotic manipulator.

BACKGROUND ART

[0002] In recent years, shortage of manpower resulting
from a declining birthrate and an aging population, as
well as an increase in aging population are concerned,
and development of industrial/home-use robots for com-
pensating for these problems is expected. In particular,
it is essential and important that robots have a gripping
mechanism capable of gripping a variety of kinds of ar-
ticles, and a joint mechanism capable of setting an in-
tended posture to do a complicated work. Application of
the gripping mechanism to a prosthetic hand for persons
with hand disabilities has also been investigated in var-
ious ways.
[0003] In view of the above circumstances, some finger
mechanisms for gripping an article have been proposed.
FIG 21 shows an example, wherein a finger gripping
mechanism incorporated with a worm and a worm wheel
is used as a prosthetic hand (see e.g. patent document 1).
[0004] Specifically, a worm wheel 93 is rotated by a
worm 92 mounted at a lead end of a motor 91. Thereby,
links 94 and 95 serving as a gripping finger are pivotally
moved in e.g. a gripping direction. Even if a force to open
up the link 95 is exerted on the link 95, there is no likeli-
hood that the worm wheel 93 may be rotated in backward
direction because of engagement with the worm 92. In
this arrangement, the gripping mechanism is allowed to
keep holding an article.
[0005] FIG 22 shows an example of a finger of a grip-
ping mechanism having an increased degree of freedom
by using multiple motors (see e.g. patent document 2).
In the gripping mechanism, four motors 96 through 99
are used to obtain four degrees of freedom.

Patent document 1: JP (tokuhyo) Hei 9-510128
Patent document 2: JP Hei 11-156778

[0006] The conventional gripping mechanism has the
following problem. For instance, in the gripping mecha-
nism shown in FIG. 21, since the degree of freedom is
one, it is difficult to grip articles of various shapes. For
instance, the link 95 serving as a finger does not fit an
article of a flat plate-like shape. Accordingly, the gripping
mechanism is incapable of gripping the article with a
proper frictional force. In other words, in the joint mech-
anism shown in FIG. 21, the link 95 serving as a finger
is not set in an intended posture.
[0007] On the other hand, the gripping mechanism
shown in FIG. 22 has a sufficient degree of freedom for
a gripping operation. However, since the number of the

motors in the gripping mechanism is increased, the pro-
duction cost may be increased. In other words, in the
joint mechanism shown in FIG. 22, the number of drive
sources may be increased, although an intended posture
is obtained.
WO-A-2004 028753 discloses a joint mechanism with
three links, each of which being pivotally moved by a
separate worm gear driven by a separate motor.

DISCLOSURE OF THE INVENTION

[0008] In view of the above, it is an object of the present
invention to solve the above problem. It is another object
of the present invention to realize a joint mechanism ca-
pable of setting any intended postures with a simplified
arrangement.
[0009] A joint mechanism according to the invention
includes: a first link; a second link pivotally linked to the
first link; a third link pivotally linked to the second link; a
connecting member supported on the second link; a first
worm and a second worm coupled to each other by the
connecting member, the first worm and the second worm
each being rotatable about its axis and movable in an
axis direction thereof; a first worm wheel in mesh with
the first worm to pivotally move the first link with respect
to the second link; and a second worm wheel in mesh
with the second worm to pivotally move the third link with
respect to the second link, wherein the joint mechanism
satisfies a relation: dA � dB A 0 by rotation of the first
worm and the second worm, and the joint mechanism
satisfies a relation: dA � dB � 0 by movement of the first
worm and the second worm in the axis direction, where
A is an angle defined by the first link and the second link,
B is an angle defined by the second link and the third
link, dA is a change amount of the angle A, and dB is a
change amount of the angle B.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIGS. 1A through 1C are diagrams showing a con-
struction of a joint mechanism in accordance with
the first embodiment of the invention.
FIGS. 2A through 2C are diagrams for describing a
series of movements of the joint mechanism in ac-
cordance with the first embodiment of the invention,
in the case a shaft is rotated, with a first link being
fixed.
FIGS. 3A through 3C are diagrams for describing a
series of movements of the joint mechanism in ac-
cordance with the first embodiment of the invention,
in the case where an article to be gripped is in a
displaced position.
FIGS. 4A through 4C are diagrams for describing a
series of movements of the joint mechanism in ac-
cordance with the first embodiment of the invention,
in the case where a small-sized article is to be
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gripped.
FIGS. 5A through 5C are diagrams showing a con-
struction of a joint mechanism in accordance with
the second embodiment of the invention.
FIGS. 6A through 6C are diagrams showing a con-
struction of a joint mechanism in accordance with
the third embodiment of the invention.
FIGS. 7A through 7C are diagrams showing a con-
struction of a joint mechanism in accordance with
the fourth embodiment of the invention.
FIGS. 8A and 8B are diagrams showing a construc-
tion of a brake mechanism provided in a joint mech-
anism in accordance with the fifth embodiment of the
invention.
FIGS. 9A through 9C are diagrams showing a con-
struction of the joint mechanism in accordance with
the fifth embodiment of the invention.
FIGS. 10A and 10B are diagrams showing a clutch
mechanism and a third link provided in a joint mech-
anism in accordance with the sixth embodiment of
the invention.
FIGS. 11A through 11C are diagrams showing a con-
struction of the joint mechanism in accordance with
the sixth embodiment of the invention.
FIG. 12 is a diagram showing a gripping device in
accordance with the seventh embodiment of the in-
vention.
FIG. 13 is a diagram showing a modification of the
gripping device in accordance with the seventh em-
bodiment of the invention.
FIG. 14 is a diagram showing a construction of a joint
mechanism in accordance with the eighth embodi-
ment of the invention.
FIG 15A is a diagram showing a construction of a
joint mechanism in accordance with the ninth em-
bodiment of the invention.
FIG. 15B is a diagram showing fixing means.
FIG. 16 is a diagram showing a construction of a
modification of the joint mechanism in accordance
with the ninth embodiment of the invention.
FIG. 17A is a diagram showing a construction of a
joint mechanism in accordance with the tenth em-
bodiment of the invention.
FIG. 17B is a diagram showing a torque limiter.
FIG. 18 is a diagram showing a torque limiter to be
used in a modification of the tenth embodiment of
the invention.
FIGS. 19A and 19B are diagrams showing a con-
struction of a joint mechanism in accordance with
the eleventh embodiment of the invention.
FIGS. 20A through 20C are diagrams showing a con-
struction of a joint mechanism in accordance with
the twelfth embodiment of the invention.
FIG. 21 is a diagram showing a conventional joint
mechanism.
FIG. 22 is a diagram showing another conventional
joint mechanism.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] In the following, a best mode for carrying out
the invention is described in detail referring to the draw-
ings.

(First Embodiment)

[0012] FIGS. 1A through 4C are diagrams showing a
joint mechanism embodying the present invention. The
joint mechanism of this embodiment is constituted as a
gripping mechanism capable of gripping an article. As
shown in FIG. 1A, the gripping mechanism includes a
first link 1 as a gripping finger, a second link 2 as a gripping
finger, and a third link 3 as a gripping finger. The first link
1 and the second link 2 are pivotally linked to each other
about a pivot pin 5. The second link 2 and the third link
3 are pivotally linked to each other about a pivot pin 6.
The first link 1 is constructed to be connectable to a palm
member 4 via a pivot pin 4a. The pivot pins 5 and 6 are
each fixed to the second link 2. The pivot pin 5 and the
pivot pin 6 are provided at longitudinal both ends of the
second link 2 in parallel to each other. A distal end of the
first link 1 is linked to a base end of the second link 2 via
the pivot pin 5, and a distal end of the second link 2 is
linked to a base end of the third link 3 via the pivot pin 6.
[0013] The gripping mechanism includes two worm
wheels 7 and 8. The worm wheels 7 and 8 are mounted
on the pivot pins 5 and 6, respectively. The worm wheel
7 is pivotally movable about the pivot pin 5, and the worm
wheel 8 is pivotally movable about the pivot pin 6. The
worm wheel 7 is fixed to one end of the first link 1, and
the worm wheel 8 is fixed to one end of the third link 3.
In this construction, the first link 1 is integrally rotatable
with the worm wheel 7, and the third link 3 is integrally
rotatable with the worm wheel 8. Alternatively, the worm
wheel 7 may be integrally formed with the first link 1, and
the worm wheel 8 may be integrally formed with the third
link 3.
[0014] The worm wheel 7 is meshed with a worm 9,
and the worm wheel 8 is meshed with a worm 10. The
worm 9 and the worm 10 are rigidly fixed to a shaft 11,
as an example of a connecting member, and are dis-
posed away from each other by a certain distance. The
worms 9 and 10 are interconnected to each other via the
shaft 11. The worm 9 is a so-called right hand screw, and
the worm 10 is a so-called left hand screw. In other words,
the worms 9 and 10 have helical grooves in opposite
directions to each other.
[0015] A module constituted of the worm wheel 7 and
the worm 9, and a module constituted of the worm wheel
8 and the worm 10 are identical to each other in construc-
tion, and the number of teeth and the diameter of the
modules are identical to each other.
[0016] A flange 11a is provided at an intermediate por-
tion of the shaft 11 between the worms 9 and 10. A gear
12 is rigidly mounted on the intermediate portion of the
shaft 11. The shaft 11 is supported by a pair of support
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walls 18 and 19 formed on the second link 2, and extends
in the longitudinal direction of the second link 2. The sup-
port walls 18 and 19 are respectively formed with through-
holes, and the shaft 11 is held through the through-holes
in such a manner that the flange 11a is disposed between
the support walls 18 and 19. In this construction, the shaft
11 is rotatable about an axis thereof, and is movable
along a translational direction corresponding to an axis
direction thereof.
[0017] A spring 16 is mounted between the support
wall 18 and the flange 11 a, and a spring 17 is mounted
between the support wall 19 and the flange 11a, with
residual compressive restoring forces of the springs 16
and 17 being retained, respectively. The flange 11a, the
springs 16 and 17, and the support walls 18 and 19 con-
stitute centering means 20 for the worms 9 and 10.
[0018] A motor 13 as a drive source is loaded on the
second link 2. A gear 14 is mounted on a distal end of a
drive shaft of the motor 13. The motor 13 is arranged on
the side of the worm wheels 7 and 8 with respect to the
shaft 11, and in a space defined by the worm wheels 7
and 8. In other words, since the motor 13 is installed in
the space, the space can be efficiently utilized, and the
gripping mechanism can be constructed with smaller di-
mensions. A gear 15 is mounted between the gear 14,
and a gear 12 mounted on the shaft 11. The driving force
of the motor 13 is transmitted to the shaft 11 via the gear
14, the gear 15, and the gear 12. The gear 15 is only
allowed to rotate about an axis thereof. But the gear 12
extends in the axis direction of the shaft 11 so that en-
gagement of the gear 12 with the gear 15 is maintained,
even if the shaft 11 moves in the translational direction.
[0019] An operation to be performed by the gripping
mechanism having the above construction is described
in the following.
[0020] Let it be assumed that the first link 1, the second
link 2, and the third link 3 are set in a state shown in FIG.
1A, as an initial state. When the motor 13 is driven in this
state, the gear 14, the gear 15, and the gear 12 are re-
spectively rotated, and the shaft 11 is rotated in e.g. F
direction shown in FIG. 1A. In this state, since the gear
12 and the worms 9 and 10 are rigidly connected to the
shaft 11, both of the worms 9 and 10 are rotated in F
direction.
[0021] Observing the above operation from the view-
point of the second link 2, the worm wheel 7 starts rotating
in V direction in FIG. 1B by rotation of the worm 9, thereby
rotating the first link 1 connected to the worm wheel 7 in
V direction. Similarly, the third link 3 is rotated in W di-
rection in FIG. 1B by rotation of the worm 10. Let it be
assumed that, in the case where the shaft 11 is rotated
by a certain rotation angle, the angle defined by the first
link 1 and the second link 2 is set to the angle "A", and
the angle defined by the second link and the third link is
set to the angle "B". The shaft 11 is then further rotated
until the angle "A" and the angle "B" are respectively set
to about 90 degrees, as shown in FIG. 1C.
[0022] By performing the above series of operations,

both of the change amount dA of the angle "A", and the
change amount dB of the angle "B" by rotation of the
shaft 11 are increased. On the other hand, if the shaft 11
is rotated in the backward direction, both of the change
amount dA and the change amount dB are decreased.
In other words, a relation: dA � dB A 0 is established.
While the above series of operations are performed, as
far as transmission torques at both ends of the shaft 11
are balanced to each other, the shaft 11 is rotated about
the axis thereof, without moving in the axis direction
thereof.
[0023] If the torques of the worms 9 and 10 for rotating
the worm wheels 7 and 8 are temporarily unbalanced,
the spring 16, 17 may be expanded or contracted, with
the result that the shaft 11 may be moved in the axis
direction thereof. However, since the centering means
20 is operable to constantly return the shaft 11 to a neutral
position, the positions of the first link 1 and the third link
3 are stabilized.
[0024] Next, FIGS. 2A through 2C show a series of
movements of the first through the third links 1 through
3, letting it be assumed that the palm member 4 is defined
as a stationary system. Referring to FIG. 2B, assuming
that the downward direction on the plane of FIG. 2B cor-
responds to the gravitational direction, a gravitational
force acts in such a direction as to pivotally move the
second link 2 counterclockwise. Thereby, the shaft 11 is
translationally moved in Q direction with respect to the
second link 2, with the result that the angle "A" is in-
creased, and the angle "B" is decreased. The centering
means 20 has a function of canceling the action of the
gravitational force and maintaining the posture of the
gripping mechanism. The centering means 20 also has
substantially the same function as described above with
respect to disturbance such as vibrations.
[0025] FIGS. 3A through 3C are diagrams showing op-
eration states of the gripping mechanism, in the case
where an article is to be gripped by the gripping mecha-
nism. FIG. 3A shows substantially the same state as
shown in FIG. 1B, wherein the angle "A" nearly equals
the angle "B". Now, let it be assumed that as shown in
FIG. 3B, an article 81 near the first link 1 is to be gripped.
Since the first link 1 is pressed against the article 81, the
first link 1 starts pivotally moving about the pivot pin 5 in
such a direction as to decrease the angle "A". Thereby,
a translational force is transmitted to the shaft 11 via the
worm wheel 7 and the worm 9, and the shaft 11 is moved
in P direction against a force of the spring 17 of the center-
ing means 20. Thereby, a rotational driving force is trans-
mitted to the third link 3 via the worm 10 and the worm
wheel 8, with the result that the third link 3 is rotated in
such a direction as to increase the angle "B". Then, the
shaft 11 is moved until the unbalance between the tor-
ques to be applied to the first link 1 and the third link 3 is
eliminated. In this way, even in the case where there is
an unbalance between the torques, the unbalance can
be eliminated by translationally moving of the worms 9
and 10 in the axis direction. Thus, the gripping mecha-
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nism is allowed to automatically adjust to the shape of
the article 81 as an object to be gripped. In performing
the above operation, the change amounts of the angles
"A" and "B" by translational movement of the shaft 11
are: dA � 0, dB A 0. In other words, a relation dA � dB
� 0 is established concerning the change amounts dA
and dB of the angles "A" and "B" by translational move-
ment of the shaft 11.
[0026] As shown in FIG. 3C, the worms 9 and 10 in-
terconnected to each other by the shaft 11 are transla-
tionally moved in Q direction with respect to an article 82
near the third link 3. Then, a gripping operation is per-
formed while securing a balance in the similar manner
as described above. In performing the above operation,
the change amounts dA and dB of the angles "A" and "B"
by translational movement of the shaft 11 are dA A 0 and
dB � 0. In other words, a relation dA � dB � 0 is estab-
lished concerning the change amounts dA and dB of the
angles "A" and "B" by translational movement of the shaft
11.
[0027] The gear 12 extends in the axis direction of the
shaft 11. Accordingly, as shown in FIGS. 3B and 3C, an
engagement state between the gear 12 and the gear 15
is maintained, even if the shaft 11 is translationally moved
in the axis direction.
[0028] FIGS. 4A through 4C show examples, in the
case where smaller-sized articles 83 and 84 are gripped.
Similarly to the above case, positional displacement of
the article 83, 84 can be eliminated by moving the first
link 1 and the third link 3 in association with translational
movement of the shaft 11, whereby the gripping mech-
anism is allowed to perform a gripping operation.
[0029] As described above, in the first embodiment,
the size difference or the like of the article can be adjusted
by rotating the shaft 11 including the worms 9 and 10,
and positional displacement of the article can be adjusted
by translational movement of the shaft 11. Accordingly,
the above arrangement enables to provide a gripping
mechanism capable of gripping various kinds of articles
different in size or condition.
[0030] Specifically, in the first embodiment, if the shaft
11 is rotated in a step prior to a step of gripping an article,
the worm wheels 7 and 8 are rotated in opposite direc-
tions to each other, and the open angles of the first link
1 and the third link 3 are changed. In other words, since
both of the angle "A" and the angle "B" are increased or
decreased, a relation: dA X dB A 0 is established. Ac-
cordingly, rotating the shaft 11 depending on the size of
an article to be gripped enables to adjust the angle "A"
and the angle "B" of the first link 1 and the third link 3 so
that the article can be securely gripped. Thereby, the
article can be gripped in the adjusted state. On the other
hand, in the case where forces to be applied from the
article to be gripped to the first link 1 and the third link 3
are unbalanced, because of e.g. positional displacement
of the article with respect to the first link 1 and the third
link 3, torques to be applied to the worms 9 and 10 via
the worm wheels 7 and 8 may be unbalanced to each

other. As a result, the shaft 11 may be displaced in the
axis direction thereof by a distance corresponding to the
torque difference between the worms 9 and 10. In this
arrangement, the worm wheels 7 and 8 are rotated in
identical directions to each other; or one of the worm
wheels 7 and 8 whose applied torque is larger is kept
unrotated, and the other of the worm wheels 7 and 8 is
rotated to eliminate the torque difference by balancing
the torques to be applied from the article to the first link
1 and the third link 3. In other words, a relation dA � dB
� 0 is established, when the worms 9 and 10 are moved
in the axis direction. In moving the worms 9 and 10, the
shaft 11 is moved in the axis direction, while shouldering
a reaction force at the worm wheels 7 and 8. Thereby, a
gripping operation can be smoothly performed, even if
the gripping mechanism is positionally displaced with re-
spect to the article. In this way, rotating the shaft 11 de-
pending on the size of an article to be gripped enables
to grip various kinds of articles different in size, and elim-
inate unbalance between the torques to be applied to the
first link 1 and the third link 3 resulting from axial move-
ment of the shaft 11, depending on the shape of the article
or positional relation of the article with respect to the first
link 1 and the third link 3. Accordingly, this arrangement
enables to realize a gripping mechanism having degrees
of freedom necessary for a gripping operation, with a
simplified construction, and capable of gripping an article
depending on the shape of the article, without using mul-
tiple motors.
[0031] In the first embodiment, since a connecting
member is constructed by the integrally formed shaft 11,
an arrangement capable of obtaining an intended grip-
ping force can be realized with a simplified arrangement.
[0032] In the first embodiment, since the worms 9 and
10 have helical grooves in opposite directions to each
other, an arrangement of pivotally moving the first link 1
and the third link 3 in opposite directions to each other
by rotating the shaft 11 can be realized with a simplified
arrangement.
[0033] In the first embodiment, since the centering
means 20 for restoring the shaft 11 to the neutral position
is provided, the directions of the first link 1 and the third
link 3 can be stabilized, while a gripping operation is sus-
pended. Further, since the centering means 20 is oper-
able to restore the shaft 11 to the neutral position by
resilient forces of the springs 16 and 17, the shaft 11 can
be restored to the predetermined position with a simpli-
fied arrangement.
[0034] In this embodiment, the centering means 20 is
provided to maintain a certain shape to be defined by the
first link 1 and the third link 3 when the gripping mecha-
nism approaches an article for griping the article. Alter-
natively, as far as high precision is not required in ap-
proaching an article, the centering means 20 may be
omitted. The modification is advantageous in reducing
the cost.
[0035] In this embodiment, the gear 12 is fixed to the
shaft 11. Alternatively, the gear 12 may be key-connected
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to the shaft 11 to allow the gear 12 to move with respect
to the shaft 11, while keeping the gear 12 from rotating
with respect to the shaft 11. The modification is advan-
tageous in reducing the size of the gear 12, improving
the space factor, and avoiding sliding wear on a gear
tooth surface. The modification is also advantageous in
limiting an area subjected to frictional force to a vicinity
of the shaft 11, thereby facilitating translational move-
ment of the shaft 11.

(Second Embodiment)

[0036] In this section, the second embodiment of the
invention is described referring to the drawings.
[0037] FIGS. 5A through 5C are diagrams showing a
joint mechanism in accordance with the second embod-
iment of the invention. The second embodiment is differ-
ent from the first embodiment in that a worm wheel 27
and a worm 29 are provided, in place of the worm wheel
7 and the worm 9; but is substantially the same as the
first embodiment in other arrangement including the ar-
rangement of the centering means 20.
[0038] The worm wheel 27 and the worm 29, and the
worm wheel 8 and the worm 10 are the same in diameter,
but the worm wheel 27 and the worm 29 are half in module
of the worm wheel 8 and the worm 10. Accordingly, the
number of teeth of the worm wheel 27 is twice of the
number of teeth of the worm 8, and the reduction ratio of
a worm gear constituted of the worm wheel 27 and the
worm 29 is twice of the reduction ratio of a worm gear
constituted of the worm wheel 8 and the worm 10.
[0039] Accordingly, a torque between a first link 1 and
a second link 2 by rotation of a shaft 11 is twice of a
torque between the second link 2 and a third link 3. This
arrangement corresponds to a general phenomenon that
a moment of force at a base end of a structural member
is larger than a moment of force at a distal end thereof,
in the case where a load is applied to the structural mem-
ber.
[0040] In the following, an operation of the second em-
bodiment is described. Since a schematic operation in-
cluding an operation of centering means 20 of the second
embodiment is identical to that of the first embodiment,
merely a different point of the second embodiment from
the first embodiment is described.
[0041] As described above, since the reduction ratio
of the worm gear at the base end of the joint mechanism
is twice of the reduction ratio of the worm gear at the
distal end thereof with respect to rotation of the shaft 11,
a portion of the link, close to a palm member 4, is capable
of receiving a larger moment of force. Accordingly, a load
performance of the joint mechanism in performing a grip-
ping operation is increased. In this arrangement, as
shown in FIG. 5B, the angle "A" by rotation of the shaft
11 becomes smaller than the angle "B, and unbalance
may occur between the first link 1 and the third link 3.
However, the unbalance can be eliminated by transla-
tional movement of the shaft 11.

[0042] As described above, the second embodiment
is advantageous in easily eliminating a difference in gen-
erated torque, and easily realizing a joint mechanism ca-
pable of receiving a proper moment of force suitable for
the structure of the joint mechanism.
[0043] In this embodiment, the reduction ratio is
changed by changing the module size. Alternatively, the
reduction ratio may be changed by changing the diameter
of the worm wheel.

(Third Embodiment)

[0044] In this section, the third embodiment of the in-
vention is described referring to the drawings.
[0045] FIGS. 6A through 6C are diagrams showing a
construction of a joint mechanism in accordance with the
third embodiment of the invention. In the third embodi-
ment, resisting means is provided, in place of the center-
ing means in the first embodiment. In the third embodi-
ment, a flangless shaft 31 is used. The other arrangement
in the third embodiment is substantially the same as the
corresponding arrangement in the first embodiment.
[0046] The resisting means includes a sleeve 32 fixed
to a second link 2, and a viscous member 33. The shaft
31 extends through the sleeve 32. The viscous member
33 is filled in a space between the sleeve 32 and the shaft
31. A desirable viscosity of the viscous member 33 is a
viscosity capable of moving the shaft 31 at a speed equal
to or smaller than about 10 mm/sec by the weight of the
shaft 31. The material for the viscous member 33 is pref-
erably a gel material or an oil material having a large
viscosity.
[0047]  The viscous member 33 is a material having a
property that a resistance force is generated depending
on a relative speed between the shaft 31 and the sleeve
32. The viscous member 33 is operable to keep the shaft
31 from moving at an unduly large relative speed.
[0048] An operation of the third embodiment is de-
scribed merely on a point different from the first embod-
iment.
[0049] The shaft 31 is gradually displaced in the axis
direction thereof by the weight thereof, a change in grav-
itational force, or the like due to the effect of the viscous
member 33. Since the shaft 31 is not greatly displaced
when the joint mechanism approaches an article for grip-
ping the article, a stable gripping operation can be real-
ized, while suppressing a first link 1 and a third link 3 from
abruptly and pivotally moving.
[0050] As shown in FIGS. 6B and 6C, similarly to the
first embodiment, in gripping an article 81, 82 in a dis-
placed position, the viscous member 33 allows gradual
displacement of the shaft 31 in P direction or Q direction,
as the first link 1 and the third link 3 are contacted with
the article. In the third embodiment, there is no need of
generating a force against deformation of a spring.
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(Fourth Embodiment)

[0051] In this section, the fourth embodiment of the
invention is described referring to the drawings.
[0052] FIGS. 7A through 7C are diagrams showing a
construction of a joint mechanism in accordance with the
fourth embodiment of the invention. In the fourth embod-
iment, resisting means is provided, in place of the center-
ing means in the first embodiment. The resisting means
in the fourth embodiment is different from the resisting
means in the third embodiment. In the fourth embodi-
ment, similarly to the third embodiment, a flangless shaft
41 is used. The other arrangement in the fourth embod-
iment is substantially the same as the corresponding ar-
rangement in the first embodiment.
[0053] The resisting means is constituted of a viscous
member 42, which is sealed in a space between a pivot
pin 5 and a worm wheel 47, and a space between a pivot
pin 6 and a worm wheel 48. The material for the viscous
member 33 in the third embodiment may be used as a
material for the viscous member 42.
[0054] The viscous member 42 is operable to generate
a resistance force depending on a relative speed be-
tween the pivot pin 5 and the worm wheel 47, and a re-
sistance force depending on a relative speed between
the pivot pin 6 and the worm wheel 48. This arrangement
enables to prevent a first link 1 and a third link 3 from
abruptly and pivotally moving.
[0055] The operation of the fourth embodiment is sub-
stantially the same as the operation of the third embod-
iment, as shown in FIGS. 7B and 7C, and the effect of
the fourth embodiment is substantially the same as the
effect of the third embodiment.
[0056] In the fourth embodiment, the viscous member
42 is sealed in the space between the pivot pin 5 and the
worm wheel 47, and the space between the pivot pin 6
and the worm wheel 48 to form a speed resistive structure
for applying a resistance to the speed. The invention is
not limited to the above. Alternatively, a viscous member
may be sealed in a space between a second link 2 and
the worm wheel 47, and a space between the second
link 2 and the worm wheel 48.
[0057] In the third and the fourth embodiments, a
speed resistive structure by the viscous member is em-
ployed. Alternatively, a speed resistive structure by a fric-
tional member may be employed, in place of using the
viscous member. The speed resistive structure may be
constituted of e.g. an annular resin member. The modi-
fication is advantageous in obtaining substantially the
same effect as described above.
[0058] In the case where a speed resistive function
and a restoring force for restoring a normal form are re-
quired, the centering means 20 used in the first embod-
iment may be used in addition to the speed resistive struc-
ture.

(Fifth Embodiment)

[0059] In this section, the fifth embodiment of the in-
vention is described referring to the drawings.
[0060] FIGS. 8A and 8B, and FIGS. 9A through 9C are
diagrams showing a construction of a joint mechanism
in accordance with the fifth embodiment of the invention.
[0061] FIG. 8A shows a brake mechanism 50 as a
braking mechanism. The brake mechanism 50 has a so-
lenoid. Specifically, the brake mechanism 50 includes a
magnet 52 made of a magnetic material, a pad 51 con-
stituted of an elastic member such as a rubber, and at-
tached to a distal end of the magnet 52, a bottomed cy-
lindrical yoke 54 made of a magnetic material, a ring-like
coil 53 provided in the yoke 54, and a spring 55 wound
at the other end of the magnet 52 at a position opposite
to the pad 51 and inside the yoke 54.
[0062] FIG. 8A shows a de-energized state, wherein
the spring 55 has a free length. On the other hand, FIG.
8B shows an energized state, wherein a magnetic flux
generated around the coil 53 is guided along the yoke
54, and the magnet 52 is attracted inwardly against a
resilient force of the spring 55 by a magnetic force.
[0063] FIG 9A shows the entirety of the joint mecha-
nism provided with the brake mechanism 50. The ar-
rangement of the fifth embodiment is substantially the
same as the arrangement of the first embodiment except
for the brake mechanism 50. The brake mechanism 50
is loaded on a third link 3, and is normally set in an en-
ergized state. The reference numerals 58 and 59 in FIG.
9A each indicates a pivot pin. A frictional plate 57 is rigidly
fixed to the pivot pin 59 on the third link 3. In other words,
the frictional plate 57 is fixed to a second link 2.
[0064] The frictional plate 57 has an arc-shaped and
rough frictional surface, as opposed to the pad 51. When
the brake mechanism 50 is de-energized, the magnet 52
protrudes from the brake mechanism 50, as shown in
FIG. 8A. Thereby, the pad 51 is contacted with the rough
frictional surface of the frictional plate 57, and a large
frictional force is generated between the pad 51 and the
frictional plate 57.
[0065] Angle sensors 71 and 72 are mounted on the
second link 2. The angle sensor 71 is operable to meas-
ure the angle "A" of a first link 1 with respect to the second
link 2. The angle sensor 72 is operable to measure the
angle "B" of the third link 3 with respect to the second
link 2. The angle sensors 71 and 72 are connected to an
external controller (not shown) for communication of a
signal. The controller is operable to control the brake
mechanism 50 and a motor 13, based on a signal out-
putted from the angle sensors 71 and 72.
[0066] The other arrangement of the fifth embodiment
is substantially the same as the corresponding arrange-
ment of the first embodiment.
[0067] An operation to be performed by the joint mech-
anism having the above arrangement is described in the
following.
[0068] While the joint mechanism is in the states as
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shown in FIGS. 9A and 9B, since the brake mechanism
50 is energized, the pad 51 is not contacted with the
frictional plate 57. Accordingly, similarly to the first em-
bodiment, the first link 1 and the third link 3 are pivotally
moved. As shown in FIG. 9B, when the third link 3 is
pivotally moved by a predetermined angle, the output of
the angle sensor 72 becomes equal to a predetermined
value. When the brake mechanism 50 is de-energized in
this state, a magnetic field for attracting the magnet 52
is gone. Then, the magnet 52 protrudes from the brake
mechanism 50 by the spring 55, and consequently, the
pad 51 is contacted with the frictional plate 57. Thereby,
the third link 3 is fixed with respect to the second link 2.
[0069] Further rotating a shaft 11 in the above state
keeps the third link 3 in the state shown in FIG. 9B, be-
cause the third link 3 is fixed to the second link 2. On the
other hand, the first link 1 is pivotally movable, the first
link 1 is pivotally moved in such a direction as to increase
the angle "A". Since a worm wheel 8 is not rotated in the
above state, the shaft 11 is translationally moved in Q
direction in FIG. 9B against a spring force of centering
means 20 while rotating by rotation of a worm 10. Then,
suspending the motor 13 in the state shown in FIG. 9C
by monitoring the output of the angle sensor 71 retains
the relative angles between the first through the third links
1 through 3 thereat.
[0070] As described above, the fifth embodiment is ad-
vantageous in obtaining an intended stationary state of
a joint mechanism by providing the brake mechanism 50,
and fixing the third link 3 with respect to the second link
2 so that the third link 3 is not pivotally rotated relative to
the second link 2. The fifth embodiment is advantageous
in gripping various kinds of articles after the joint mech-
anism is adjusted to an intended stationary state suitable
for gripping the articles. In the fifth embodiment, substan-
tially two degrees of freedom are obtained by using a
single motor.
[0071] In the fifth embodiment, the brake mechanism
50 is provided on the third link 3 to prevent relative move-
ment with respect to the second link 2. Alternatively, the
brake mechanism 50 may be mounted on the first link 1,
and the frictional plate 57 may be mounted on the pivot
pin 58 so that the angle "B" is adjusted after the angle
"A" is set. Further alternatively, the brake mechanism 50
may be loaded on both of the first link 1 and the third link
3. In both of the modifications, it is possible to obtain a
stationary gripping state.
[0072] The shape of the frictional plate 57 and the ar-
rangement of the brake mechanism 50 are not limited to
the above. As far as a relative movement between two
links can be fixed, various modifications are applicable.
Use of a solenoid as an example of the brake mechanism
50 is advantageous because the size of an actuator can
be reduced. In the case where frictional fixation is difficult
in the aspect of durability, mechanical fixation may be
used. For instance, a certain number of pin holes may
be formed in the pivot direction, and a pin may be fixedly
inserted in a selected one of the pin holes. In the modi-

fication, the fixation is discrete fixation.
[0073] In this embodiment, the angle sensors 71 and
72 are provided as means for detecting the angles "A"
and "B". Alternatively, the angles "A" and "B" may be
detected by image measurement using e.g. an external
camera.
[0074] As described above, in this embodiment, dis-
tributing a driving force from a limited number of motors
to plural joints, providing a brake mechanism suitable for
the joints, and fixing the joints at an intended position
enables to provide substantially a change in degree of
freedom by using the limited number of motors.

(Sixth Embodiment)

[0075] In this section, the sixth embodiment of the in-
vention is described referring to the drawings.
[0076] FIGS. 10A and 10B, and FIGS. 11A through
11C are diagrams showing a construction of a joint mech-
anism in accordance with the sixth embodiment of the
invention. Parts with the same reference numerals as in
the first embodiment indicate the same parts as in the
first embodiment.
[0077] FIGS. 10A and 10B show a third link 3 and parts
to be loaded on the third link 3 in the sixth embodiment,
wherein FIG. 10B is a side view, and FIG. 10A is a plan
view. The reference numeral 61 indicates a clutch mech-
anism as a clutching mechanism constituted of an elec-
tromagnet. The clutch mechanism 61 is fixed to the third
link 3, and a pivot pin 6 is mountable in the clutch mech-
anism 61. Worm wheels 67 and 68 are identical in shape
to the worm wheels 7 and 8 in the first embodiment, but
are different from the worm wheels 7 and 8 in that the
worm wheels 67 and 68 are made of a magnetic material.
The worm wheel 68 is different from the worm wheel 8
in the first embodiment in that the worm wheel 68 is not
fixed to the third link 3. Angle sensors 71 and 72 are the
same as the angle sensors 71 and 72 in the fifth embod-
iment.
[0078] The clutch mechanism 61 is operable to selec-
tively connect and disconnect a transmission path of a
driving force from a motor 13 to the third link 3 by switch-
ing between a connected state and a disconnected state
of the worm wheel 68 with respect to the third link 3. In
this embodiment, the clutch mechanism 61 is operable
to connect a transmission path of a driving force by a
frictional force resulting from a magnetic attraction force.
Referring to FIG. 10A, when the clutch mechanism 61 is
de-energized, the worm wheel 68 is disengaged from the
third link 3, and accordingly, the driving force of the motor
13 is not transmitted to the third link 3. In other words,
the worm wheel 68 is freely rotatable with respect to the
third link 3. On the other hand, when the clutch mecha-
nism 61 is energized, the worm wheel 68 is magnetically
attracted to the clutch mechanism 61, whereby the worm
wheel 68 is integrally rotatable with the third link 3.
[0079] Similarly to the fourth embodiment, the third link
3 and a second link 2 are viscously linked to each other.
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The other arrangement of the sixth embodiment is the
same as the corresponding arrangement of the first em-
bodiment.
[0080] An operation to be performed by the joint mech-
anism having the above arrangement is described in the
following.
[0081] While the joint mechanism is in the states
shown in FIGS. 11A and 11B, since the clutch mecha-
nism 61 is energized, the worm wheel 68 is integrally
rotatable with the third link 3. Accordingly, similarly to the
first embodiment, the first link 1 and the third link 3 are
pivotally moved in association with rotation of a shaft 11.
Referring to FIG. 11B, when the clutch mechanism 61 is
de-energized at a point of time when the output of the
angle sensor 72 becomes equal to a predetermined val-
ue, the worm wheel 68 is disengaged from the third link
3, and accordingly, the worm wheel 68 is freely rotatable.
[0082] When the shaft 11 is further rotated in the above
state, solely the worm wheel 68 is freely rotated in W
direction, with the third link 3 being unmoved, because
the third link 3 is viscously linked to the second link 2,
and the worm wheel 68 is freely rotatable. Accordingly,
the third link 3 holds the state shown in FIG. 11B. On the
other hand, since the first link 1 is pivotally movable in
association with rotation of the shaft 11, the first link 1 is
pivotally moved in such a direction as to increase the
angle "A". When the motor 13 is suspended in the state
of FIG. 11C by monitoring the output of e.g. the angle
sensor 71, and the clutch mechanism 61 is energized,
the relative angles between the first through the third links
1 through 3 are retained thereat.
[0083] As described above, the sixth embodiment is
advantageous in preventing relative rotation between the
third link 3 and the second link 2 by the clutch mechanism
61. Similarly to the fifth embodiment, the sixth embodi-
ment is advantageous in obtaining an intended stationary
state of the joint mechanism. The sixth embodiment is
advantageous in gripping various kinds of articles, after
the joint mechanism is adjusted to an intended stationary
state suitable for gripping the articles.
[0084] Similarly to the fifth embodiment, the clutch
mechanism may be loaded on the first link 1, or loaded
on both of the first link 1 and the third link 3.
[0085] In the sixth embodiment, the clutch mechanism
61 using an electromagnet is used as a mechanism for
connecting the worm wheel 68 and the third link 3. The
invention is not limited to the above. As far as a modifi-
cation does not depart from the scope of the invention,
any modification is applicable as necessary.
[0086] In the sixth embodiment, similarly to the fifth
embodiment, distributing a driving force from a limited
number of motors to plural joints, providing a clutch mech-
anism suitable for the joints, and fixing the joints at an
intended position enables to provide substantially a
change in degree of freedom by using the limited number
of motors.
[0087] In the first through the sixth embodiments, the
joint mechanisms have been described as examples of

a gripping mechanism. The invention is not limited to the
above. In other words, the invention may be applicable
to a joint mechanism having a purpose of use other than
the above, in place of a link mechanism for gripping an
article.

(Seventh Embodiment)

[0088] A gripping device operable to grip multitudes of
kinds of articles can be easily realized at a low cost by
applying the joint mechanisms described in the first
through the sixth embodiments, as a gripping finger of a
gripping device as an embodiment of a joint device. For
instance, FIG. 12 shows an example of a gripping device
incorporated with a single joint mechanism. FIG. 13
shows an example of a gripping device incorporated with
multiple joint mechanisms.
[0089] The gripping device shown in FIG. 12 is a single-
fingered gripping device, wherein a palm member is pro-
vided as opposed to the gripping finger. A joint mecha-
nism 101 is a joint mechanism constructed as the gripping
mechanism described in the first embodiment. A first link
1 of the joint mechanism 101 is connected to a palm
member 73 by a pivot pin 73a. The joint mechanism 101
is supported on the palm member 73 as a supporter. The
palm member 73 is connected to a wrist member 74. The
joint mechanism 101 is pivotally moved about an axis of
the pivot pin 73a of the palm member 73 by a motor (not
shown) built in the palm member 73. A shaft 11 is rotated
about an axis thereof and is displaced in an axis direction
thereof by driving a motor 13. Thereby, the first link 1 and
a third link 3 are allowed to grip an article 85 along the
shape of the article 85. Thus, a gripping operation is per-
formed. Alternatively, the first link 1 and the palm member
73 may be integrally constructed, in place of connecting
the first link 1 and the palm member 73 by a pin. In the
modification, the integrally formed unit serves as a first
link, and the first link is supported on the wrist member
74 serving as a supporter.
[0090] FIG 13 shows a two-fingered gripping device.
Joint mechanisms 102 and 103 are respectively a joint
mechanism constructed as the gripping mechanism de-
scribed in the first embodiment. A first link 1 of the joint
mechanism 102 is connected to a palm member 75 by a
pivot pin 75a, and a first link 1 of the joint mechanism
103 is connected to the palm member 75 by a pivot pin
75b. The palm member 75 is connected to a wrist mem-
ber 76. Alternatively, the palm member 75 and the wrist
member 76 may be integrally constructed. The palm
member 75 and the wrist member 76 serve as a support-
er. The joint mechanisms 102 and 103 are pivotally
moved about axes of the pivot pins 75a and 75b by a
motor (not shown) built in the palm member 75. Similarly
to the single-fingered gripping device, the first link 1 and
a third link 3 are allowed to grip the article 85 along the
shape of the article 85 by rotations and axial movements
of a shaft 11 in the joint mechanism 102 and a shaft 11
in the joint mechanism 103. Thus, a gripping operation
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is performed.
[0091] Alternatively, the first link 1 of the joint mecha-
nism 102 and the palm member 75 may be integrally
constructed. In the modification, the integrally construct-
ed and bent-shaped unit serves as a first link, the first
link is supported on the wrist member 76 serving as a
supporter, and the first link 1 of the joint mechanism 103
is linked to the first link. Further alternatively, the first link
1 of the joint mechanism 103 and the palm member 75
may be integrally constructed.
[0092] Further alternatively, the first link 1 of the joint
mechanism 102, the first link 1 of the joint mechanism
103, and the palm member 75 may be integrally con-
structed. In the modification, the integrally constructed
unit serves as a first link, and the first link is supported
on the wrist member 76 serving as a supporter. In other
words, in this arrangement, the first link is used in com-
mon between the two joint mechanisms 102 and 103.
[0093] The palm member 75 may be loaded with a
mechanism substantially equivalent to a joint mecha-
nism. Further alternatively, any one of the second
through the sixth embodiments may be used as a joint
mechanism. Further alternatively, a gripping device,
wherein joint mechanisms are arranged in parallel to
each other, may be constructed. The modification is ad-
vantageous in increasing the gripping force. Further al-
ternatively, a robot or a like device incorporated with the
gripping device may be realized.

(Eighth Embodiment)

[0094] In this section, the eighth embodiment of the
invention is described referring to the drawings.
[0095] FIG. 14 is a diagram showing a construction of
a joint mechanism in accordance with the eighth embod-
iment of the invention. Parts with the same reference
numerals as in the first embodiment indicate the same
parts as in the first embodiment.
[0096] In the eighth embodiment, a gear 212 mounted
on a shaft 11 is arranged on the outside of a worm 9.
Specifically, whereas in the first embodiment, the gear
12 is mounted between the paired worms 9 and 10
mounted at both ends of the shaft 11, in the eighth em-
bodiment, the worm 9 is disposed at an intermediate por-
tion of the shaft 11, and the gear 212 is disposed on the
outside of the worm 9. Accordingly, a worm wheel 7 on
a first link 1 is disposed at a position slightly closer to a
middle portion of a second link 2, in place of being dis-
posed at one end of the second link 2. In the eighth em-
bodiment having the above arrangement, as compared
with the first embodiment, the distance between the worm
wheels 7 and 8 can be reduced, and the distance be-
tween the first link 1 and a third link 3 can be reduced.

(Ninth Embodiment)

[0097] In this section, the ninth embodiment of the in-
vention is described referring to the drawings.

[0098] FIGS. 15A and 15B are diagrams showing a
construction of a joint mechanism in accordance with the
ninth embodiment of the invention. Parts with the same
reference numerals as in the first embodiment indicate
the same parts as in the first embodiment.
[0099] In the ninth embodiment, a worm 309 is rotat-
ably mounted on a shaft 311, and fixing means for fixing
the worm 309 to the shaft 311 is provided. Similarly to
the first embodiment, a worm 10 is fixed to the shaft 311.
An example is described in the following.
[0100] An insertion hole 309b for receiving the shaft
311 is formed in the worm 309. The shaft 311 is received
in the insertion hole 309b. In this arrangement, the worm
309 is rotatable relative to the shaft 311 about an axis of
the shaft 311 in a state that the worm 309 is not fixed by
a key 320 to be described later.
[0101] The fixing means includes a worm groove por-
tion 309a, as a key groove formed in the insertion hole
309b of the worm 309, a shaft groove portion 311 a as a
key groove formed in the shaft 311, and the key 320 as
a fixing member to be inserted in the groove portions
309a and 311a.
[0102] The worm groove portion 309a is formed in plu-
ral number at a predetermined interval along the circum-
ferential direction of the insertion hole 309b. In the ex-
ample shown in FIG. 15B, four worm groove portions
309a are equidistantly formed. On the other hand, one
shaft groove portion 311 a is formed in an outer surface
at one end of the shaft 311 on the side of the worm 309.
[0103] The key 320 is engageable in a space defined
by the worm groove portion 309a and the shaft groove
portion 311a. Mounting the key 320 in the space keeps
the worm 309 from rotating about the axis of the shaft
311. In other words, the relative angle between the worm
309 and the shaft 311 is fixed.
[0104] Mounting the worm 309 to be rotatable relative
to the shaft 311 in assembling a first link 1 and a second
link 2 makes it possible to freely and pivotally move the
first link 1 engaged with the worm 309 about an axis of
a pivot pin 5. Accordingly, the open angle "A" of the first
link 1 in association with a third link 3 can be finely ad-
justed. Inserting the key 320 at such a position that one
of the worm groove portions 309a matches with the shaft
groove portion 311 a, with the open angle "A" closest to
a predetermined angle, enables to fix the worm 309. In
FIG. 15A, the broken lines 1a and 1b indicate that the
initial position of the first link 1 is changed by changing
the worm groove portion 309a to be selected. The change
amount of the open angle "A" of the first link 1 at the initial
position is determined by the pitch of the worm 309, the
number of teeth of the worm wheel 7, and the interval of
the worm groove portions 309a. Accordingly, the number
of the worm groove portions 309a may be optionally set.
[0105] In the ninth embodiment, in mounting the worm
309 on the shaft 311, the worm 309 can be fixed by
mounting the worm 309 in a predetermined direction with
respect to the shaft 311, and adjusting the open angles
of the first link 1 and the third link 3.
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[0106] The fixing means is not limited to the arrange-
ment constituted of a key and a key groove. For instance,
a worm may be rotatably mounted on a shaft, and the
worm may be fixed to the shaft by an adhesive agent.
Further alternatively, as shown in FIG. 16, the worm 309
may be fixed to the shaft 311 by radially forming a thread-
ed hole 309c through the worm 309, and fastening a
screw 321 as a fixing member in the threaded hole 309c.

(Tenth Embodiment)

[0107] In this section, the tenth embodiment of the in-
vention is described referring to the drawings.
[0108] FIGS. 17A and 17B are diagrams showing a
construction of a joint mechanism in accordance with the
tenth embodiment of the invention. Parts with the same
reference numerals as in the first embodiment indicate
the same parts as in the first embodiment.
[0109] In the tenth embodiment, a torque limiter 420
for protecting a gear and the like against a rotating torque
is provided. The torque limiter 420 is provided in a driving
force transmitting system between a motor 13 and a shaft
11. The torque limiter 420 includes a first gear 415a, a
second gear 415b, a spring 431 for urging the first gear
415a and the second gear 415b in directions toward each
other, and flanges 430a and 430b for absorbing a reac-
tion force of the spring 431. The flanges 430a and 430b
are mounted on a shaft 430 extending through the first
gear 415a and the second gear 415b.
[0110] The first gear 415a is meshed with a gear 14
mounted on a drive shaft of the motor 13, and the second
gear 415b is meshed with a gear 12 mounted on the shaft
11. The first gear 415a and the second gear 415b are
coaxially arranged.
[0111] The first gear 415a and the second gear 415b
are mounted between the paired flanges 430a and 430b
along with the spring 431 in a compressed state, and are
urged toward each other by a resilient force of the spring
431. A friction is caused between the first gear 415a and
the second gear 415b, and a torque to be transmitted by
the stationary frictional force is set to such an amount
that does not damage a gear or a like element. If a torque
larger than a maximum stationary frictional force is gen-
erated, a slip is caused between the first gear 415a and
the second gear 415b, and the first gear 415a and the
second gear 415b are rotated relative to each other.
[0112] The gear 14 integrally mounted on the output
shaft of the motor 13 is meshed with the first gear 415a,
and a torque is transmitted by frictional contact of the first
gear 415a and the second gear 415b. The torque is then
transmitted to the gear 12 mounted on the shaft 11. In
the case where rotation of the shaft 11 is suspended re-
sulting from an anomaly operation, a large torque may
be exerted on the transmitting system from the motor 13
to the shaft 11. However, since a slip is caused between
the first gear 415a and the second gear 415b with a force
equal to or smaller than a limit torque so as not to damage
a gear or a like element, there is no likelihood that the

gear or the like element may be damaged.
[0113] The arrangement of the torque limiter 420 is not
limited to the arrangement of cutting off torque transmis-
sion between the first gear 415a and the second gear
415b. For instance, as shown in FIG. 18, the torque limiter
420 may be provided on a shaft 411. Specifically, the
shaft 411 is divided into a first shaft portion 411 a on
which a gear 12 is mounted, and a second shaft portion
411b on which a worm 9 is mounted, and a connecting
portion 433 is bridgingly formed between the first shaft
portion 411 a and the second shaft portion 411b. In this
arrangement, a torque is transmitted by friction between
the connecting portion 433 and the first shaft portion
411a, and between the connecting portion 433 and the
second shaft portion 411b. In the case where a torque
equal to or larger than a limit torque is exerted, a slip is
caused between the connecting portion 433 and the first
shaft portion 411a, and between the connecting portion
433 and the second shaft portion 411b.
[0114] The arrangement of the torque limiter is not lim-
ited to the one utilizing friction. For instance, a surface
of the first gear 415a facing the second gear 415b may
be formed into a sawtooth shape, and a surface of the
second gear 415b facing the first gear 415a may be
formed into a sawtooth shape so that the first gear 415a
and the second gear 415b are meshed with each other.
Then, a potential force at which the gear is mounted over
the ridge of the sawtooth of the counterpart gear may be
set as a limit torque. Similarly to the arrangement utilizing
friction, in the above modification, the torque limiter is
non-linearly operated with respect to an increase in
torque.

(Eleventh Embodiment)

[0115] In this section, the eleventh embodiment of the
invention is described referring to the drawings.
[0116] FIGS. 19A and 19B are diagrams showing a
construction of a joint mechanism in accordance with the
eleventh embodiment of the invention. Parts with the
same reference numerals as in the first embodiment in-
dicate the same parts as in the first embodiment.
[0117] The eleventh embodiment is directed to a joint
mechanism functioning as an openable/closable joint of
a finger mechanism for a robot hand. A first link of the
joint mechanism is a finger mechanism 101 correspond-
ing to a ring finger, a third link of the joint mechanism is
a finger mechanism 103 corresponding to an index finger,
and a second link of the joint mechanism is a palm mech-
anism 102 corresponding to a hand palm. The palm
mechanism 102 has a first palm portion 102a, a second
palm portion 102b, and a pivot arm 85 and a gear 86 for
interconnecting the first palm portion 102a and the sec-
ond palm portion 102b. The connecting angle between
the first palm portion 102a and the second palm portion
102b is set variable. The first palm portion 102a has a
finger mechanism 104a corresponding to a middle finger,
and the second palm portion 102b has a finger mecha-
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nism 104b corresponding to a thumb.
[0118] A motor 113, and support walls 118 and 119
are fixed to the first palm portion 102a of the palm mech-
anism 102. Springs 116 and 117 are mounted between
the support walls and a flange 111a of a shaft 111 is
mounted between the springs 116 and 117. The flange
111a, the springs 116 and 117, and the support walls
118 and 119 constitute centering means for worms 109
and 110.
[0119] A gear 112 is mounted on the shaft 111. The
gear 112 is connected to a gear 114 connected to the
motor 113 via a gear 115 so that a driving force of the
motor 113 is transmittable to the shaft 111. The finger
mechanism 101 is integrally and pivotally movable with
a worm gear 107, and the finger mechanism 103 is inte-
grally and pivotally movable with a worm gear 108. In this
arrangement, the finger mechanism 101 and the finger
mechanism 103 are each operable to change the open
angle thereof by driving the motor 113. The open angles
of the finger mechanism 101 and the finger mechanism
103 are respectively changeable depending on the shape
or the like of an article to be gripped.
[0120] A pin support portion 102c for supporting a pivot
pin 6 is formed on the first palm portion 102a. A pivot pin
120 for pivotally supporting the finger mechanism 101 in
a gripping direction is mounted on the pin support portion
102c. Similarly to the finger mechanism 101, the finger
mechanisms 103, 104a, and 104b are each pivotally
movable in the gripping direction.

(Twelfth Embodiment)

[0121] In this section, the eleventh embodiment of the
invention is described referring to the drawings.
[0122] FIGS. 20A through 20C are diagrams showing
a construction of a joint mechanism in accordance with
the twelfth embodiment of the invention. Parts with the
same reference numerals as in the first embodiment in-
dicate the same parts as in the first embodiment.
[0123] In the first through the sixth embodiments, and
the eighth through the tenth embodiments, the joint
mechanisms as a gripping mechanism have been de-
scribed. The twelfth embodiment is directed to a joint
mechanism with two joints and adapted to be set in any
posture, in place of a joint mechanism for gripping an
article. For instance, the joint mechanism of the twelfth
embodiment functions as a leg joint of a robot. A third
link 3 of the joint mechanism corresponds to a foot of a
robot. A first link 1 of the joint mechanism is a link corre-
sponding to e.g. a thigh of a robot. The first link 1 is pin-
connected to a member 4 corresponding to an upper
body of a robot via a pin 4a. A second link 2 corresponds
to e.g. a lower thigh of the robot’s leg.
[0124] The joint mechanism is operable to change the
angle of the first link 1 and the angle of the third link 3
with respect to the second link 2 relative to each other
by driving a motor 13. In the case where the third link 3
is contacted with a floor surface, the second link 2 is

pivotally moved about an axis of a pivot pin 6, with the
third link 3 being kept unmoved. On the other hand, the
pivot angle of the first link 1 with respect to the second
link 2 is determined by a force to be applied from the
upper body member 4. In other words, as described in
the first embodiment, if an external force to be applied to
the first link 1, and an external force to be applied to the
third link 3 are equal to each other, the first link 1 and the
third link 3 are rotated, with the shaft 11 being kept un-
moved in the axis direction thereof. Accordingly, the pivot
angle of the first link 1 with respect to the second link 2,
and the pivot angle of the third link 3 with respect to the
second link 2 are made equal to each other (see FIG.
20B). On the other hand, if an external force to be applied
to the first link 1, and an external force to be applied to
the third link 3 are different from each other, the shaft 11
is displaced in the axis direction depending on the force
difference, and the pivot angle of the first link 1 with re-
spect to the second link 2, and the pivot angle of the third
link 3 with respect to the second link 2 are made different
from each other. FIG. 20C shows an example, wherein
the force to be applied to the third link 3 is larger than the
force to be applied to the first link 1.
[0125] In the twelfth embodiment, the relation between
the pivot angles of the first link 1 and the third link 3 is
determined depending on the magnitudes of forces to be
applied to the first link 1 and the third link 3. Accordingly,
providing the braking mechanism described in the fifth
embodiment, or the clutch mechanism described in the
sixth embodiment in the joint mechanism of the twelfth
embodiment enables to positively control the pivot angles
of the first link 1 and the third link 3. Thereby, the pivot
angles of the first link 1 and the third link 3 can be adjusted
to an intended angle, and the joint mechanism is easily
set in any posture.

[Summary of the Embodiments]

[0126] In this section, a summary of the embodiments
is described.
[0127]

(1) As described above, according to the embodi-
ments, if the two worms are rotated in identical di-
rections to each other while an external force is not
applied to the first link and the third link, the two worm
wheels are rotated in opposite directions to each oth-
er, thereby changing the open angles of the first link
and the third link. In other words, both of the angle
"A" to be defined by the first link and the second link,
and the angle "B" to be defined by the second link
and the third link are increased or decreased. As a
result, a relation: dA � dB A 0 is established. Ac-
cordingly, the angles of the first link and the third link
can be adjusted depending on rotations of the first
worm and the second worm. On the other hand, in
the case where an external force to be applied to the
first link and an external force to be applied to the
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third link are unbalanced, torques to be applied to
the two worms via the worm wheels may be unbal-
anced to each other. As a result, the two worms are
displaced in the axis direction by a distance corre-
sponding to the torque difference between the worm
wheels. Then, the two worms are integrally displaced
in the axis direction in such a manner that the torques
to be applied to the first link and the third link are
balanced. As a result, the two worm wheels are ro-
tated in identical directions to each other, or one of
the worm wheels whose applied torque is larger is
kept unrotated and the other of the worm wheels is
rotated. In other words, a relation: dA � dB � 0 is
established when the worms are moved in the axis
direction. In this way, in the embodiments, the open
angles of the first link and the third link can be
changed depending on rotation amounts of the
worms. Further, the connecting member is con-
structed to be movable in the axis direction. Thereby,
the angle of the first link or the third link with respect
to the second link can be changed. Thus, the em-
bodiments are advantageous in realizing a joint
mechanism settable in any posture with a simplified
arrangement.

[0128]

(2) Preferably, the connecting member may be con-
stituted of an integrally formed shaft.

[0129]

(3) Preferably, the first worm and the second worm
may have helical grooves in opposite directions to
each other. In this arrangement, an arrangement of
pivotally moving the first link and the third link in op-
posite directions to each other by rotating the con-
necting member can be realized with a simplified ar-
rangement.

[0130]

(4) Preferably, the joint mechanism may further in-
clude a motor, fixed to the second link, for rotating
the connecting member.

[0131]

(5) Preferably, the joint mechanism may further in-
clude centering means for restoring the connecting
member to a predetermined position in an axis di-
rection. In this arrangement, when an external force
is not applied to the first link and the third link, the
directions of the first link and the third link can be
stabilized.

[0132]

(6) Preferably, in the above arrangement, the center-
ing means may include a resilient member, and the
resilient member may be operable to restore the con-
necting member to the predetermined position by a
resilient force of the resilient member. In this ar-
rangement, the connecting member can be restored
to the predetermined position with a simplified ar-
rangement.

[0133]

(7) In the case where the first link is constructed to
be connectable to a supporter, preferably, a reduc-
tion ratio between the first worm and the first worm
wheel may be set larger than a reduction ratio be-
tween the second worm and the second worm wheel.
The first link serving as a base link to be connected
to the supporter receives a larger torque from the
worm and the worm wheel. In this arrangement, how-
ever, since the reduction ratio of the worm gear at
the base link is set larger than the reduction ratio
between the worm and the worm wheel at a distal
link, the joint mechanism is easily controlled depend-
ing on the difference in torque.

[0134]

(8) Preferably, the joint mechanism may further in-
clude resisting means for generating a resistance
force depending on a relative moving speed of the
connecting member with respect to the second link
in the axis direction. This arrangement is advanta-
geous in suppressing the connecting member from
abruptly moving in the axis direction resulting from
a change in gravitational force, the weight of the con-
necting member, or the like, depending on the direc-
tion of the second link. Thus, the arrangement is ad-
vantageous in obtaining a stable operation of the
joint mechanism when the joint mechanism ap-
proaches an article for gripping the article.

[0135]

(9) Preferably, the joint mechanism may further in-
clude resisting means for generating a resistance
force depending on relative rotational speeds of the
first worm wheel and the second worm wheel with
respect to the second link. This arrangement enables
to suppress the first link and the third link from piv-
otally and abruptly moving.

[0136]

(10) Preferably, the resisting means may include a
viscous member to be provided in a space between
the two members subjected to the relative move-
ment.
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[0137]

(11) Preferably, the joint mechanism may further in-
clude at least one of a braking mechanism for pre-
venting a change in angle of the first link with respect
to the second link, and a braking mechanism for pre-
venting a change in angle of the third link with respect
to the second link. In this arrangement, the positions
of the first link, the second link, and the third link can
be stabilized without a change in angle between the
second link, and the first link or the third link. Accord-
ingly, the direction of at least one of the first link and
the third link can be defined in advance before the
joint mechanism performs a predetermined opera-
tion such as an operation of gripping an article. Thus,
the arrangement is advantageous in optimally ad-
justing the posture of the joint mechanism immedi-
ately before the joint mechanism performs a prede-
termined operation.

[0138]

(12) In the above arrangement, preferably, the joint
mechanism may further include an angle sensor for
detecting a relative angle between the links, one of
which has the braking mechanism, wherein the brak-
ing mechanism is operated based on an output of
the angle sensor. This arrangement enables to pre-
cisely control the angle of the link.

[0139]

(13) Preferably, the joint mechanism may further in-
clude at least one of a clutching mechanism for
switching between a connected state and a discon-
nected state of the first worm wheel with respect to
the first link, and a clutching mechanism for switching
between a connected state and a disconnected state
of the second worm wheel with respect to the third
link. In this arrangement, the positions of the first link,
the second link, and the third link can be stabilized
without a change in angle between the second link,
and the first link or the third link. Accordingly, the
direction of at least one of the first link and the third
link can be defined in advance before the joint mech-
anism performs a predetermined operation such as
an operation of gripping an article. Thus, the arrange-
ment is advantageous in optimally adjusting the pos-
ture of the joint mechanism immediately before the
joint mechanism performs a predetermined opera-
tion.

[0140]

(14) Preferably, the joint mechanism may further in-
clude a clutching mechanism for selectively trans-
mitting a driving force on at least one of a driving
force transmission path from the motor to the first

link, and a driving force transmission path from the
motor to the third link.

[0141]

(15) Preferably, the joint mechanism may further in-
clude an angle sensor for detecting a relative angle
between the first link or the third link having the
clutching mechanism, and the second link, wherein
the clutching mechanism is operated based on an
output of the angle sensor.

[0142]

(16) Preferably, the joint mechanism may further in-
clude: multiple gears, between the motor and the
connecting member, for transmitting a torque of the
motor; and a torque limiter for cutting off transmission
of an exceedingly large torque. This arrangement
enables to prevent damage of a gear for transmitting
a driving force from the motor to the connecting mem-
ber.

[0143]

(17) The joint mechanism may be constructed as a
gripping mechanism capable of gripping an article.
In this arrangement, if the two worms are rotated in
identical directions to each other while an external
force is not exerted from an article to be gripped on
the first link and the third link, the two worm wheels
are rotated in opposite directions to each other,
thereby changing the open angles of the first link and
the third link. In other words, both of the angle "A"
and the angle "B" are increased or decreased. As a
result, a relation: dA � dB A 0 is established. Ac-
cordingly, rotating the connecting member depend-
ing on the size of an article to be gripped enables to
adjust the angles of the first link and the third link so
that the article can be gripped. Thereby, the article
can be securely gripped in the adjusted state. On
the other hand, in the case where forces to be applied
from the article to be gripped to the first link or the
third link is unbalanced, because of e.g. positional
displacement of the article with respect to the first
link and the third link, torques to be applied to the
worms via the worm wheels may be unbalanced to
each other. As a result, the worms may be displaced
in the axis direction thereof by a distance corre-
sponding to a torque difference between the worm
wheels. In this arrangement, the worms are integrally
displaced in the axis direction so that the torques to
be applied from the article to the first link and the
third link are balanced. Accordingly, the worm
wheels are rotated in identical directions to each oth-
er; or one of the worm wheels whose applied torque
is larger is kept unrotated, and the other of the worm
wheels is rotated. In other words, a relation: dA �
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dB � 0 is established when the worms are moved
in the axis direction. Thereby, a gripping operation
can be smoothly performed, even if the article is lo-
cated in a displaced position. In this way, according
to the invention, rotating the connecting member de-
pending on the size of an article to be gripped ena-
bles to grip various kinds of articles different in size,
and eliminate unbalance between the torques to be
applied to the first link and the third link resulting from
axial movement of the connecting member, depend-
ing on the shape of the article or positional relation
of the article with respect to the first link and the third
link. Accordingly, this arrangement enables to real-
ize a gripping mechanism having degrees of freedom
necessary for a gripping operation, with a simplified
construction, and capable of gripping an article de-
pending on the shape of the article, without using
multiple motors.

[0144]

(18) Preferably, at least one of the first worm and the
second worm may be rotatably mounted on the shaft,
and the joint mechanism may further include fixing
means for fixing the rotatable worm at a predeter-
mined angle with respect to the shaft. In this arrange-
ment, the first worm and the second worm can be
easily mounted on the shaft in an intended direction
in mounting the first worm and the second worm on
the shaft.

[0145] As described above, according to the invention,
a joint mechanism settable in any posture can be realized
with a simplified arrangement.

INDUSTRIAL APPLICABILITY

[0146] The joint mechanism according to the invention
can be utilized as a gripping mechanism corresponding
to a hand finger to be used in a robotic manipulator, and
a joint mechanism for a robot.

Claims

1. A joint mechanism, comprising:

a first link (1),
a second link (2) pivotally linked to the first link;
a third link (3) pivotally linked to the second link;
a connecting member (11) supported on the sec-
ond link;
a first worm (9) and a second worm (10) coupled
to each other by the connecting member (11),
the first worm and the second worm each being
rotatable about its axis and movable in an axis
direction thereof;
a first worm wheel (7) in mesh with the first worm

to pivotally move the first link with respect to the
second link; and
a second worm wheel (8) in mesh with the sec-
ond worm to pivotally move the third link with
respect to the second link, wherein
the joint mechanism satisfies a relation: dA �
dB A 0 by rotation of the first worm and the sec-
ond worm, and
the joint mechanism satisfies a relation: dA �
dB � 0 by movement of the first worm and the
second worm in the axis direction,
where A is an angle defined by the first link and
the second link, B is an angle defined by the
second link and the third link, dA is a change
amount of the angle A, and dB is a change
amount of the angle B.

2. The joint mechanism according to claim 1, wherein
the connecting member (11) is constituted of an in-
tegrally formed shaft.

3. The joint mechanism according to claim 1, wherein
the first worm and the second worm have helical
grooves in opposite directions to each other.

4. The joint mechanism according to claim 1, further
comprising
a motor (13), fixed to the second link, for rotating the
connecting member.

5. The joint mechanism according to claim 1, further
comprising
centering means (20) for restoring the connecting
member to a predetermined position in the axis di-
rection.

6. The joint mechanism according to claim 5, wherein
the centering means includes a resilient member
(17), and
the resilient member is operable to restore the con-
necting member to the predetermined position by a
resilient force of the resilient member.

7. The joint mechanism according to claim 1, wherein
the first link is constructed to be connectable to a
supporter (76), and
a reduction ratio between the first worm and the first
worm wheel is set larger than a reduction ratio be-
tween the second worm and the second worm wheel.

8. The joint mechanism according to claim 1, further
comprising
resisting means (32, 33) for generating a resistance
force depending on a relative moving speed of the
connecting member with respect to the second link
in the axis direction.

9. The joint mechanism according to claim 1, further
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comprising
resisting means (42) for generating a resistance
force depending on relative rotational speeds of the
first worm wheel and the second worm wheel with
respect to the second link.

10. The joint mechanism according to claim 8 or 9,
wherein
the resisting means includes a viscous member (33,
42) to be provided in a space between the two mem-
bers subjected to the relative movement.

11. The joint mechanism according to claim 1, further
comprising
at least one of a braking mechanism for preventing
a change in angle of the first link with respect to the
second link, and a braking mechanism (50) for pre-
venting a change in angle of the third link with respect
to the second link.

12. The joint mechanism according to claim 11, further
comprising
an angle sensor (71, 72) for detecting a relative angle
between the links, one of which has the braking
mechanism, wherein
the braking mechanism (50) is operated based on
an output of the angle sensor.

13. The joint mechanism according to claim 1, further
comprising
at least one of a clutching mechanism for switching
between a connected state and a disconnected state
of the first worm wheel with respect to the first link,
and a clutching mechanism (61) for switching be-
tween a connected state and a disconnected state
of the second worm wheel with respect to the third
link.

14. The joint mechanism according to claim 4, further
comprising
a clutching mechanism (61) for selectively transmit-
ting a driving force on at least one of a driving force
transmission path from the motor to the first link, and
a driving force transmission path from the motor to
the third link.

15. The joint mechanism according to claim 13 or 14,
further comprising
an angle sensor (71, 72) for detecting a relative angle
between the first link or the third link having the
clutching mechanism, and the second link, wherein
the clutching mechanism (61) is operated based on
an output of the angle sensor.

16. The joint mechanism according to claim 4, further
comprising:

multiple gears, between the motor and the con-

necting member, for transmitting a torque of the
motor; and
a torque limiter (420) for cutting off transmission
of an exceedingly large torque.

17. The joint mechanism according to claim 1, wherein
the joint mechanism is constructed as a gripping
mechanism capable of gripping an article.

18. The joint mechanism according to claim 2, wherein
at least one of the first worm and the second worm
is rotatably mounted on the shaft, and
the joint mechanism further includes fixing means
for fixing the rotatable worm at a predetermined an-
gle with respect to the shaft.

Patentansprüche

1. Gelenkmechanismus, der Folgendes umfasst:

ein erstes Verbindungsglied (1),
ein zweites Verbindungsglied (2), das schwenk-
bar mit dem ersten Verbindungsglied verbunden
ist,
ein drittes Verbindungsglied (3), das schwenk-
bar mit dem zweiten Verbindungsglied verbun-
den ist,
ein Verbindungsteil (11), das sich am zweiten
Verbindungsglied abstützt,
eine erste Schnecke (9) und eine zweite
Schnecke (10), die vom Verbindungsteil (11)
miteinander gekoppelt sind und jeweils um eine
eigene Achse drehbar und in deren Axialrich-
tung bewegbar sind,
ein erstes Schneckenrad (7), das mit der ersten
Schnecke im Eingriff ist, um eine Schwenkbe-
wegung des ersten Verbindungsglieds relativ
zum zweiten Verbindungsglied zu bewirken,
und
ein zweites Schneckenrad (8), das mit der zwei-
ten Schnecke im Eingriff ist, um eine Schwenk-
bewegung des dritten Verbindungsglieds relativ
zum zweiten Verbindungsglied zu bewirken,
wobei der Gelenkmechanismus durch Drehung
der ersten Schnecke und der zweiten Schnecke
folgender Beziehung genügt: dA � dB A 0, und
wobei der Gelenkmechanismus durch Bewe-
gung der ersten Schnecke und der zweiten
Schnecke in Axialrichtung folgender Beziehung
genügt: dA � dB � 0,
wobei A einen von dem ersten Verbindungsglied
und dem zweiten Verbindungsglied definierten
Winkel darstellt, wobei B einen von dem zweiten
Verbindungsglied und dem dritten Verbindungs-
glied definierten Winkel darstellt, wobei dA ei-
nen Änderungsbetrag des Winkels A darstellt,
und wobei dB einen Änderungsbetrag des Win-
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kels B darstellt.

2. Gelenkmechanismus nach Anspruch 1, wobei das
Verbindungsteil (11) aus einer integral ausgebilde-
ten Welle besteht.

3. Gelenkmechanismus nach Anspruch 1, wobei die
erste Schnecke und die zweite Schnecke spiralför-
mige Nuten aufweisen, die in einander entgegenge-
setzte Richtungen laufen.

4. Gelenkmechanismus nach Anspruch 1, der ferner
einen am zweiten Verbindungsglied befestigten Mo-
tor (13) umfasst, um das Verbindungsteil zu drehen.

5. Gelenkmechanismus nach Anspruch 1, der ferner
eine Zentriereinrichtung (20) umfasst, um das Ver-
bindungsteil in eine vorbestimmte Stellung in Axial-
richtung zurückzubringen.

6. Gelenkmechanismus nach Anspruch 5, wobei die
Zentriereinrichtung ein federndes Teil (17) aufweist,
das betätigbar ist, um durch eine Federkraft des fe-
dernden Teils das Verbindungsteil in die vorbe-
stimmte Stellung zurückzubringen.

7. Gelenkmechanismus nach Anspruch 1, wobei das
erste Verbindungsglied so aufgebaut ist, dass es mit
einem Stützelment (76) verbindbar ist, und wobei ein
Untersetzungsverhältnis zwischen der ersten
Schnecke und dem ersten Schneckenrad so einge-
stellt ist, dass es größer ist als ein Untersetzungs-
verhältnis zwischen der zweiten Schnecke und dem
zweiten Schneckenrad.

8. Gelenkmechanismus nach Anspruch 1, der ferner
Widerstandseinrichtungen (32, 33) umfasst, um eine
Widerstandskraft in Abhängigkeit von einer relativen
Bewegungsgeschwindigkeit des Verbindungsteils
relativ zum zweiten Verbindungsglied in Axialrich-
tung zu erzeugen.

9. Gelenkmechanismus nach Anspruch 1, der ferner
Widerstandseinrichtungen (42) umfasst, um eine
Widerstandskraft in Abhängigkeit von relativen
Drehgeschwindigkeiten des ersten Schneckenrads
und des zweiten Schneckenrads relativ zum zweiten
Verbindungsglied zu erzeugen.

10. Gelenkmechanismus nach Anspruch 8 oder 9, wo-
bei die Widerstandseinrichtung ein Viskoseteil (33,
42) aufweist, das in einem Raum zwischen den bei-
den der Relativbewegung unterworfenen Teilen vor-
zusehen ist.

11. Gelenkmechanismus nach Anspruch 1, der ferner
einen Bremsmechanismus umfasst, um eine Winke-
länderung des ersten Verbindungsglieds relativ zum

zweiten Verbindungsglied zu verhindern, und/oder
einen Bremsmechanismus (50) umfasst, um eine
Winkeländerung des dritten Verbindungsglieds re-
lativ zum zweiten Verbindungsglied zu verhindern.

12. Gelenkmechanismus nach Anspruch 11, der ferner
einen Winkelsensor (71, 72) umfasst, um einen Re-
lativwinkel zwischen den Verbindungsgliedern zu er-
fassen, von denen eines den Bremsmechanismus
aufweist, wobei der Bremsmechanismus (50) basie-
rend auf einem Ausgang des Winkelsensors betätigt
wird.

13. Gelenkmechanismus nach Anspruch 1, der ferner
einen Kupplungsmechanismus umfasst, um zwi-
schen einem gekuppelten Zustand und einem ent-
kuppelten Zustand des ersten Schneckenrads rela-
tiv zum ersten Verbindungsglied zu schalten, und/
oder einen Kupplungsmechanismus (61) umfasst,
um zwischen einem gekuppelten Zustand und einem
entkuppelten Zustand des zweiten Schneckenrads
relativ zum dritten Verbindungsglied zu schalten.

14. Gelenkmechanismus nach Anspruch 4, der ferner
einen Kupplungsmechanismus (61) umfasst, um ei-
ne Antriebskraft wahlweise auf einen Antriebskraft-
übertragungsweg vom Motor zum ersten Verbin-
dungsglied und/oder auf einen Antriebskraftübertra-
gungsweg vom Motor zum dritten Verbindungsglied
zu übertragen.

15. Gelenkmechanismus nach Anspruch 13 oder 14, der
ferner einen Winkelsensor (71, 72) umfasst, um ei-
nen Relativwinkel zwischen dem ersten oder dritten
Verbindungsglied, das den Kupplungsmechanis-
mus aufweist, und dem zweiten Verbindungsglied
zu erfassen, wobei der Kupplungsmechanismus
(61) basierend auf einem Ausgang des Winkelsen-
sors betätigt wird.

16. Gelenkmechanismus nach Anspruch 4, der ferner
mehrere Getriebe zwischen dem Motor und dem
Verbindungsteil umfasst, um ein Drehmoment des
Motors zu übertragen, und einen Drehmomentbe-
grenzer (420) umfasst, um die Übertragung eines
äußerst großen Drehmoments zu unterbinden.

17. Gelenkmechanismus nach Anspruch 1, wobei der
Gelenkmechanismus als ein Greifmechanismus
aufgebaut ist, der in der Lage ist, einen Gegenstand
zu greifen.

18. Gelenkmechanismus nach Anspruch 2, wobei die
erste Schnecke und/oder die zweite Schnecke an
der Welle drehbar gelagert ist bzw. sind, und wobei
der Gelenkmechanismus ferner Feststelleinrichtun-
gen aufweist, um die drehbare Schnecke in einem
vorbestimmten Winkel zur Welle festzustellen.
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Revendications

1. Mécanisme de joint, comportant :

une première articulation (1),
une deuxième articulation (2) reliée par pivote-
ment à la première articulation,
une troisième articulation (3) reliée par pivote-
ment à la deuxième articulation,
un élément de connexion (11) supporté sur la
deuxième articulation,
une première vis sans fin (9) et une seconde vis
sans fin (10) mutuellement couplées par l’inter-
médiaire de l’élément de connexion (11), cha-
cune de la première vis sans fin et de la seconde
vis sans fin pouvant tourner autour de son axe
et étant mobile dans une direction axiale corres-
pondante,
une première roue à vis sans fin (7) qui s’engrè-
ne avec la première vis sans fin pour déplacer
par pivotement la première articulation par rap-
port à la deuxième articulation, et
une seconde roue à vis sans fin (8) qui s’engrène
avec la seconde vis sans fin pour déplacer par
pivotement la troisième articulation par rapport
à la deuxième articulation, dans lequel
le mécanisme de joint satisfait à une relation :
dA � dB≥0 par rotation de la première vis sans
fin et de la seconde vis sans fin, et
le mécanisme de joint satisfait à une relation :
dA X dB≤0 par déplacement de la première vis
sans fin et de la seconde vis sans fin dans la
direction axiale,
où A est un angle défini par la première articu-
lation et la deuxième articulation, B est un angle
défini par la deuxième articulation et la troisième
articulation, dA est un degré de changement de
l’angle A, et dB est un degré de changement de
l’angle B.

2. Mécanisme de joint selon la revendication 1, dans
lequel
l’élément de connexion (11) est constitué d’un arbre
intégralement formé.

3. Mécanisme de joint selon la revendication 1, dans
lequel
la première vis sans fin et la seconde vis sans fin ont
des gorges hélicoïdales dans des directions mutuel-
lement opposées.

4. Mécanisme de joint selon la revendication 1, com-
portant en outre
un moteur (13), fixé à la deuxième articulation, pour
mettre en rotation l’élément de connexion.

5. Mécanisme de joint selon la revendication 1, com-
portant en outre

des moyens de centrage (20) pour ramener l’élé-
ment de connexion à une position prédéterminée
dans la direction axiale.

6. Mécanisme de joint selon la revendication 5, dans
lequel
les moyens de centrage incluent un élément élasti-
que (17), et
l’élément élastique est opérationnel pour ramener
l’élément de connexion à la position prédéterminée
par une force élastique de l’élément élastique.

7. Mécanisme de joint selon la revendication 1, dans
lequel
la première articulation est construite de manière à
pouvoir être connectée à un support (76), et
un rapport de réduction entre la première vis sans
fin et la première roue à vis sans fin est défini comme
étant plus grand que un rapport de réduction entre
la seconde vis sans fin et la seconde roue à vis sans
fin.

8. Mécanisme de joint selon la revendication 1, com-
portant en outre
des moyens de résistance (32, 33) pour générer une
force de résistance en fonction d’une vitesse de dé-
placement relative de l’élément de connexion par
rapport à la seconde articulation dans la direction
axiale.

9. Mécanisme de joint selon la revendication 1, com-
portant en outre
des moyens de résistance (42) pour générer une
force de résistance en fonction de vitesses de rota-
tion relatives de la première roue à vis sans fin et de
la seconde roue à vis sans fin par rapport à la deuxiè-
me articulation.

10. Mécanisme de joint selon la revendication 8 ou 9,
dans lequel
les moyens de résistance incluent un élément vis-
queux (33, 42) à agencer dans un espace entre les
deux éléments soumis au déplacement relatif.

11. Mécanisme de joint selon la revendication 1, com-
portant en outre
au moins l’un d’un mécanisme de freinage pour em-
pêcher un changement d’angle de la première arti-
culation par rapport à la deuxième articulation, et un
mécanisme de freinage (50) pour empêcher un
changement d’angle de la troisième articulation par
rapport à la deuxième articulation.

12. Mécanisme de joint selon la revendication 11, com-
portant en outre
un détecteur d’angle (71, 72) pour détecter un angle
relatif entre les articulations, l’une d’elles ayant le
mécanisme de freinage, dans lequel
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le mécanisme de freinage (50) est actionné sur la
base d’une sortie du détecteur d’angle.

13. Mécanisme de joint selon la revendication 1, com-
portant en outre
au moins l’un d’un mécanisme d’embrayage pour
basculer entre un état connecté et un état décon-
necté de la première roue à vis sans fin par rapport
à la première articulation, et un mécanisme d’em-
brayage (61) pour basculer entre un état connecté
et un état déconnecté de la seconde roue à vis sans
fin par rapport à la troisième articulation.

14. Mécanisme de joint selon la revendication 4, com-
portant en outre
un mécanisme d’embrayage (61) pour transmettre
de manière sélective une force d’entraînement sur
au moins l’un d’un trajet de transmission de force
d’entraînement depuis le moteur jusqu’à la première
articulation, et d’un trajet de transmission de force
d’entraînement depuis le moteur jusqu’à la troisième
articulation.

15. Mécanisme de joint selon la revendication 13 ou 14,
comportant en outre
un détecteur d’angle (71, 72) pour détecter un angle
relatif entre la première articulation ou la troisième
articulation ayant le mécanisme d’embrayage, et la
deuxième articulation, dans lequel
le mécanisme d’embrayage (61) est actionné sur la
base d’une sortie du détecteur d’angle.

16. Mécanisme de joint selon la revendication 4, com-
portant en outre :

de multiples engrenages, entre le moteur et
l’élément de connexion, pour transmettre un
couple du moteur, et
un limiteur de couple (420) pour couper la trans-
mission d’un couple trop élevé.

17. Mécanisme de joint selon la revendication 1, dans
lequel
le mécanisme de joint est construit sous forme d’un
mécanisme de saisie capable de saisir un article.

18. Mécanisme de joint selon la revendication 2, dans
lequel
au moins l’une de la première vis sans fin et de la
seconde vis enfin est montée par rotation sur l’arbre,
et
le mécanisme de joint inclut en outre des moyens
de fixation pour fixer la vis sans fin rotative selon un
angle prédéterminé par rapport à l’arbre.
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