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Description

BACKGROUND

[0001] A common application for robotics is to position
an object without changing its orientation. In some cases
"Cartesian" robots with multiple serial prismatic joints are
used. However, prismatic joints present significant de-
sign challenges. Unlike revolute joints, which can use
compact, precise, and low-cost anti-friction rotational
bearings, linear guides are larger, heavier, more expen-
sive, and more difficult to maintain. For example, linear
guide surfaces must maintain their surface properties
and geometry over the entire length of motion. These
surfaces are also susceptible to wear, dirt, and moisture,
and are difficult to cover and protect.
[0002] In practice, serial-chain robots with revolute
joints are more commonly used for these tasks. However,
these revolute joint robots require extra joints to keep the
object’s orientation from changing. For example, to trans-
late an object in two dimensions without changing its ori-
entation, only two prismatic joints are required. For the
same task, three revolute joints are required, increasing
the cost and complexity of the device.
[0003] For precision positioning of objects over small
distances, such as micromanipulators, four-bar linkages
with leaf-spring flexures are often used instead. When
restricted to motion ranges that are small relative to the
lengths of the leaf-spring flexure elements, these devices
produce near-linear motion. At higher motion ranges,
however, the motion deviates significantly from linear,
and the leaf-spring forces increase proportionally, mak-
ing them less effective.
[0004] Actuation for these devices is also complicated
for larger motion ranges. Typically some form of linear
actuator is used to push a drive surface connected to the
output portion of the device. At large motion ranges, these
linear actuators are no longer aligned with the motion
direction, reducing efficiency. The linear actuator tip must
also slide along the drive surface an increasingly large
amount as the motion range increases, resulting in in-
creased wear, parasitic friction, and side loading of the
actuator, none of which is desirable in precision applica-
tions.
[0005] U.S. Patent No. 5,587,937 describes a four-bar
linkage with cable drive actuation to drive an adjacent
link. This configuration has the advantage of keeping the
motor bulk and mass on the distal end of the device, but
does not allow the bulk and mass to be located in the
middle of the linkage, which is preferable for a modular
actuator. In addition, this configuration applies forces to
one end of the linkage while interaction forces are applied
at the opposite end, increasing moment loading and ne-
cessitating stiffer bearings and linkages.
[0006] Further information pertaining to the prior art
can be found in WO 2008/103425 that has been inter-
preted by the European Patent Office as disclosing an
actuating device comprising: a base link comprising a

base plate, a first joint, and a second joint, wherein the
base plate extends between the first joint and the second
joint; a first link mounted to the first joint to allow rotation
of the first link relative to the base plate at the first joint;
a second link mounted to the second joint to allow rotation
of the second link relative to the base plate at the second
joint; a translating link comprising a translating plate, a
third joint, and a fourth joint, wherein the translating plate
extends between the third joint and the fourth joint, further
wherein the first link is mounted to the third joint to allow
rotation of the first link relative to the translating plate at
the third joint, and further wherein the second link is
mounted to the fourth joint to allow rotation of the second
link relative to the translating plate at the fourth joint; a
shaft configured to mount to an actuator such that the
actuator causes rotation of the shaft; and a drive com-
prising an arc surface, wherein the drive is mounted to
the translating link such that, when operating the actuat-
ing device, a position of the arc surface is fixed relative
to the translating plate, and further wherein the shaft is
mounted to the arc surface to cause translation of the
translating link as the shaft rotates.
[0007] EP 1 870 214 discloses a high-speed parallel
robot with four degrees of freedom comprising four kin-
ematic chains articulated at one of their ends to a mobile
platform carrying the tool and at their other end, through
a rotational joint, to an actuator integral with a base plate.
The mobile platform is formed by four members linked
together by means of articulated linkages, at least two of
the members being parallel to each other, forming an
articulated mobile platform with one degree of freedom
in the plane of the mobile platform. The actuators are
positioned with any orientation in the base plate and pref-
erably at 45°, 135°, 225° and 315°. In one embodiment,
the member has a gear ring section and the member has
a gear wheel meshing with the gear ring sector. In this
case, the working tool is linked to the gear ring and also
has four degrees of freedom.

SUMMARY

[0008] In an example embodiment, an actuating device
is provided. The actuating device includes, but is not lim-
ited to, a base link, a first link, a second link, a translating
link, a shaft, and a drive. The base link includes, but is
not limited to, a base plate, a first joint, and a second
joint, where the base plate extends between the first joint
and the second joint. The first link is mounted to the first
joint to allow rotation of the first link relative to the base
plate at the first joint. The second link is mounted to the
second joint to allow rotation of the second link relative
to the base plate at the second joint. The translating link
includes, but is not limited to, a translating plate, a third
joint, and a fourth joint, where the translating plate ex-
tends between the third joint and the fourth joint. The first
link is mounted to the third joint to allow rotation of the
first link relative to the translating plate at the third joint,
and the second link is mounted to the fourth joint to allow
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rotation of the second link relative to the translating plate
at the fourth joint. The shaft is configured to mount to an
actuator such that the actuator causes rotation of the
shaft. When operating the actuating device, a position of
the shaft is fixed relative to the base plate. The drive
includes, but is not limited to, an arc surface. The drive
is mounted to the translating link such that, when oper-
ating the actuating device, a position of the arc surface
is fixed relative to the translating plate. The shaft is
mounted to the arc surface to cause translation of the
translating link as the shaft rotates.
[0009] Other principal features and advantages of the
invention will become apparent to those skilled in the art
upon review of the following drawings, the detailed de-
scription, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Illustrative embodiments of the invention will
hereafter be described with reference to the accompa-
nying drawings, wherein like numerals denote like ele-
ments.

Fig. 1 depicts a front schematic diagram of an actu-
ating device in a center position in accordance with
a first illustrative embodiment.

Fig. 2 depicts the front schematic diagram of the ac-
tuating device of Fig. 1 including design parameters.

Fig. 3 depicts the front schematic diagram of the ac-
tuating device of Fig. 1 in a first translated position.

Fig. 4 depicts the front schematic diagram of the ac-
tuating device of Fig. 1 in a second translated posi-
tion.

Fig. 5 depicts a bottom, front, perspective diagram
of the actuating device of Fig. 1.

Fig. 6 depicts a bottom schematic cross-section di-
agram of the actuating device of Fig. 1.

Fig. 7 depicts a bottom, front, perspective diagram
of an actuating device in a center position in accord-
ance with a second illustrative embodiment.

Fig. 8 depicts a bottom schematic cross-section di-
agram of the actuating device of Fig. 7.

Fig. 9 depicts a front schematic diagram of an actu-
ating device in a center position in accordance with
a third illustrative embodiment.

Fig. 10 depicts a front schematic diagram of an ac-
tuating device in a translated position in accordance
with a fourth illustrative embodiment.

Fig. 11 depicts a front schematic diagram of an ac-
tuating device in a translated position in accordance
with a fifth illustrative embodiment.

Fig. 12 depicts a side, front perspective diagram of
an actuating device in a first translated position in
accordance with a sixth illustrative embodiment.

Fig. 13 depicts a front schematic diagram of the ac-
tuating device of Fig. 12 in a center position.

Fig. 14 depicts a front schematic diagram of the ac-
tuating device of Fig. 12 in a second translated po-
sition.

Fig. 15 depicts a front schematic diagram of the ac-
tuating device of Fig. 12 in the first translated posi-
tion.

Fig. 16 depicts a front schematic diagram of an ac-
tuating device in a translated position in accordance
with a seventh illustrative embodiment.

Fig. 17a depicts a back schematic diagram of the
actuating device of Fig. 16 in the translated position.

Fig. 17b depicts a disconnected schematic diagram
of the actuating device of Fig. 16.

Fig. 18 depicts a side, front perspective diagram of
an actuating device in a center position in accord-
ance with an eighth illustrative embodiment.

Fig. 19 depicts an exploded diagram of the actuating
device of Fig. 18.

Fig. 20 depicts a right, top, front perspective diagram
of a translating part of the actuating device of Fig. 18.

Fig. 21 depicts a left, top, front perspective diagram
of the translating part of the actuating device of Fig.
18.

Fig. 22 depicts a right, bottom, back perspective di-
agram of the translating part of the actuating device
of Fig. 18.

Fig. 23 depicts a right, top, front perspective diagram
of a base part of the actuating device of Fig. 18.

Fig. 24 depicts a right, top, back perspective diagram
of the base part of the actuating device of Fig. 18.

Fig. 25 depicts a right, bottom, back perspective di-
agram of the translating part of the actuating device
of Fig. 18 with encoder markings in accordance with
a first illustrative embodiment.
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Fig. 26 depicts a right, bottom, back perspective di-
agram of the translating part of the actuating device
of Fig. 18 with encoder markings in accordance with
a second illustrative embodiment.

Fig. 27 depicts a front schematic diagram of a plu-
rality of the actuating devices of Fig. 1 arranged to
control a position and an orientation of a tool within
a plane in accordance with an illustrative embodi-
ment.

Fig. 28a depicts a front schematic diagram of the
actuating device of Fig. 1 in a center position with a
side link mounted to an external surface in accord-
ance with an illustrative embodiment.

Fig. 28b depicts the front schematic diagram of the
actuating device of Fig. 28a in a first translated po-
sition.

DETAILED DESCRIPTION

[0011] With reference to Fig. 1, a block diagram of an
actuating device 100 is shown in accordance with a first
illustrative embodiment. In the illustrative embodiment,
actuating device 100 includes a 4-bar linkage 102, a drive
system 104, and an actuator 106. 4-bar linkage 102 may
include a base link 108, a first link 110, a translating link
112, and a second link 114. As used in this disclosure,
the term "link" includes any shaped structure used to con-
nect two or more other structures. Actuating device 100
can be mounted to actuate another object in any direc-
tion. Thus, the directional references used herein, such
as left side, right side, top, bottom, back, front, up, down,
etc., are for illustration only based on the orientation in
the drawings.
[0012] Base link 108 may include a base plate 116 that
extends between a first joint 118 and a second joint 120.
Base plate 116 may extend directly between first joint
118 and second joint 120 or may be joined to first joint
118 and second joint 120 through intermediate links.
Base link 108 may be mounted to another object in any
direction. Base link 108, including base plate 116, may
include one or more non-flat surfaces and holes of vari-
ous shapes and sizes, for example, to accommodate var-
ious mounting devices and/or to accommodate mounting
of actuator 106 adjacent or to base link 108.
[0013] As used in this disclosure, the term "joint" in-
cludes any type of structure used to join two or more
other structures for rotation of one structure relative to
the one or more other structures. As examples, first joint
118 and second joint 120 may include hinge joints, ball
bearings, bushings, "flex-pivot" joints, "living hinge" plas-
tic flexures, ball and socket joints, etc.
[0014] Translating link 112 may include a translating
plate 122 that extends between a third joint 124 and a
fourth joint 126. Translating plate 122 may extend directly
between third joint 124 and fourth joint 126 or may be

joined to third joint 124 and fourth joint 126 through in-
termediate links. Translating link 112 may be mounted
to another object in any direction. Translating link 112,
including translating plate 122, may include one or more
non-flat surfaces and holes of various shapes and sizes,
for example, to accommodate various mounting devices.
As examples, third joint 124 and fourth joint 126 may
include hinge joints, ball bearings, bushings, "flex-pivot"
joints, "living hinge" plastic flexures, ball and socket
joints, etc.
[0015] First link 110 is mounted to first joint 118 to allow
rotation of first link 110 relative to base plate 116 at first
joint 118. Second link 114 is mounted to second joint 120
to allow rotation of second link 114 relative to base plate
116 at second joint 120. First link 110 is mounted to third
joint 124 to allow rotation of first link 110 relative to trans-
lating plate 122 at third joint 124. Second link 114 is
mounted to fourth joint 126 to allow rotation of second
link 114 relative to translating plate 122 at fourth joint
126. As a result, first link 110 and second link 114 con-
strain motion of translating link 112 such that it translates
along an arc and does not rotate relative to base plate
116.
[0016] As used in this disclosure, the term "mount" in-
cludes join, unite, connect, associate, insert, hang, hold,
affix, attach, fasten, bind, paste, secure, bolt, screw, rivet,
solder, weld, glue, mold, thermoform, couple, etc. The
phrases "mounted on" and "mounted to" include any in-
terior or exterior portion of the support member refer-
enced. Additionally, use of the term "mount" may indicate
a direct or an indirect connection between the described
components/devices.
[0017] In the illustrative embodiment of Fig. 1, drive
system 104 may include a drive 128, a shaft 130, and a
cable 132. Shaft 130 mounts to actuator 106 such that
actuator 106 causes rotation of shaft 130. Shaft 130 is
mounted to drive 128, which is mounted to translating
link 112 to cause translation of translating link 112 as
shaft 130 rotates. As a result, drive system 104 "drives"
translation of translating link 112 under control of actuator
106. When operating actuating device 100, a position of
shaft 130 is fixed relative to base plate 116.
[0018] In the illustrative embodiment of Fig. 1, shaft
130 is mounted to drive 128 by cable 132. Cable 132
may be selected to have a low creep rate, high strength,
high fatigue resistance, and high flex resistance. Cable
132 may be formed of a variety of materials that provide
the strength and flexibility needed to provide translation
of drive 128 based on the size of actuating device 100,
the loads to be translated by actuating device 100, the
precision with which the loads are to be translated/rotat-
ed, etc. as understood by a person of skill in the art. For
example, depending on the size of actuating device 100,
working environment, storage environment, and lifetime
requirements, stainless steel, tungsten, Ultra-High Mo-
lecular Weight Polyethylene (UHMwPE) (e.g. Spectra®,
Dyneema®), liquid crystal polymer (e.g. Vectran®), or
Aramid (e.g. Kevlar®, Twaron®, Technora®), or a com-
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posite blend of a high modulus polyethylene material and
a liquid crystal polymer may be suitable materials.
[0019] Cable 132 may include a shaft cable portion 133
and an arc cable portion 134. Shaft cable portion 133
winds around at least a portion of shaft 130. Arc cable
portion 134 extends along at least a portion of an arc
surface 136 of drive 128. Cable 132 may be selected to
provide a low-friction and low-backlash transmission for
drive system 104.
[0020] In the illustrative embodiment of Fig. 1, drive
128 may further include a front drive surface 138, a first
side surface 140, a second side surface 142, and a back
drive surface (not shown). Front drive surface 138, first
side surface 140, second side surface 142, and the back
drive surface mount to translating plate 122 along first
edges. Arc surface 136 forms an arc shaped surface and
extends between second edges of front drive surface
138, first side surface 140, second side surface 142, and
the back drive surface. Drive 128 may be hollow or solid.
[0021] In the illustrative embodiment of Fig. 1, first side
surface 140 includes a first attachment side surface 144
and a second attachment side surface 146 that extends
at an angle from first attachment side surface 144. First
attachment side surface 144 extends in a generally per-
pendicular direction from translating plate 122 though this
is not required. Second side surface 142 includes a third
attachment side surface 148 and a fourth attachment side
surface 150 that extends at an angle from third attach-
ment side surface 148. Third attachment side surface
148 extends in a generally perpendicular direction from
translating plate 122 though this is not required. Second
attachment side surface 146 and fourth attachment side
surface 150 form a wedge shape from which arc surface
136 is formed. When operating actuating device 100, a
position of arc surface 136 is fixed relative to translating
plate 122. Front drive surface 138, first side surface 140,
second side surface 142, and the back drive surface may
have a variety of shapes and sizes and be formed of a
variety of materials to provide sufficient strength to trans-
late translating link 112 and the loads to be translated by
actuating device 100.
[0022] In other illustrative embodiments, shaft 130 may
be mounted to drive 128 using friction. For example, shaft
130 may include a first frictional surface and arc surface
136 may include a second frictional surface. Shaft 130
is mounted to arc surface 136 using the frictional force
between the first frictional surface and the second fric-
tional surface. As another example, a belt may be mount-
ed to shaft 130 and to drive 128 so that shaft 130 is mount-
ed to rotate arc surface 136 using the belt.
[0023] Actuator 106 may include an electric motor such
as a brushed or brushless dc motor or an ac motor, a
servo motor, a stepper motor, a piezoelectric motor, a
pneumatic actuator, a gas motor, an induction motor, a
gear motor with an integral or external epicyclical, har-
monic, cable, worm or other gear drive, etc. Actuator 106
can be used with or without sensors. A calibration pro-
cedure such as that described in Lawrence, D.A. et al,

Low Cost Actuator and Sensor for High-Fidelity Haptic
Interfaces, Haptic Interfaces for Virtual Environment and
Teleoperator Systems, International Symposium on, pp.
74-81 (Mar. 27-28, 2004) may also be used to provide a
smooth force output suitable for fine manipulation, haptic,
and force-control applications when applied to a stepper
motor.
[0024] With reference to Fig. 2, design parameters of
actuating device 100 are shown. A length 200 of first link
110 and second link 114 is measured perpendicular to
base plate 116 and between first joint 118 and third joint
124. Length 200 is approximately equal to R1 + R2 + G,
where R1 is a radius of shaft 130, R2 is an arc circle radius
204 of an arc circle 202 on which arc surface 136 forms
a part of the circumference of arc circle 202, and G, is a
cable offset distance 212 between arc surface 136 and
a surface of shaft 130 measured parallel to length 200
at an arc surface center 206. Cable offset distance 212
may approximately be a diameter of cable 132 plus a
manufacturing tolerance. Thus, length 200 of first link
110 and second link 114 measured between centers of
first joint 118 and third joint 124 is approximately equal
to a distance measured between a center of shaft 130
and a center of arc circle 202.
[0025] Actuator 106 and arc surface 136 are mounted
such that a line connecting the center of shaft 130 and
the center of arc circle 202 is parallel to length 200 con-
necting the centers of first joint 118 and third joint 124 to
form a centered position of actuating device 100. An arc
surface edge 208 defines an arc surface half angle 210
that is a maximum rotation point for drive 128. First link
110 and second link 114 are of approximately equal
length, and base plate 116 and translating plate 122 are
of approximately equal length.
[0026] With reference to Fig. 3, actuating device 100
is shown in a first translated position. Actuator 106 rotates
shaft 130 which in turn translated arc surface 136 of drive
128 along an arc. Thus, as shaft 130 rotates, the tangent
of arc surface 136 nearest actuator 106 stays aligned
with the direction of motion, allowing efficient use of the
actuator torque and precision. Rotation of arc surface
136 of drive 128 results in translation of translating plate
122 at third joint 124 and fourth joint 126 while base plate
116 remains fixed. With reference to Fig. 4, actuating
device 100 is shown in a second translated position in a
direction opposite that of Fig. 3.
[0027] While a single actuating device 100 may not
produce linear translational motion, a plurality of actuat-
ing devices can be combined to provide two- or three-
dimensional translational motion. For example, a plurality
of actuating devices may be mounted in series and ori-
ented such that each actuating device’s nominal trans-
lating direction is orthogonal to the others. True motion
along a line can then be achieved by coordinated simul-
taneous motion of multiple actuators.
[0028] With reference to Figs. 5 and 6, bottom, front,
perspective and bottom schematic diagrams of actuating
device 100 are shown to illustrate an example mounting
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of cable 132. In the illustrative embodiment of Figs. 5 and
6, cable 132 includes a first cable 606 and a second cable
608. First cable 606 is used for a first drive direction
(translation as shown in Fig. 3), and second cable 608
is used for a second drive direction (translation as shown
in Fig. 4). First cable 606 has a first end 610 terminated
on shaft 130, ensuring that it does not slip. Second cable
608 has a first end 612 terminated on shaft 130, ensuring
that it does not slip. The other ends of first cable 606 and
second cable 608 are terminated on drive 128 or trans-
lating link 112 after extending from shaft 130 along arc
surface 136 on opposite sides of shaft 130. Example ter-
mination mechanisms include a set screw, adhesive, or
threading of cable 132 through a hole in shaft 130 pro-
vided for that purpose.
[0029] As an example, the illustrative embodiment of
Figs. 5 and 6 is suitable for cases where there is vibration
or impact loading of actuating device 100. To minimize
loading of the actuator bearings or bushings, cable 132
may be wrapped such that it leaves shaft 130 adjacent
to arc surface 136 and not when it is on the opposite side
of shaft 130, which would result in a significant upward
force on shaft 130 due to the cable preload force and in
increasing friction. To prevent bunching and jamming of
cable 132 in between arc surface 136 and the surface of
shaft 130, notches in extremes of arc surface 136 may
be included to help guide cable 132 as it wraps and un-
wraps on shaft 130. A cable margin 600 is defined be-
tween where first cable 606 and second cable 608 mount
to shaft 130. A cable offset 602 is the distance between
a cable notch and the location where cable 132 leaves
shaft 130 so that cable 132 is more likely to wrap and
unwrap in a single layer as arc surface 136 moves back

and forth, and may be approximately equal to 

where θ is arc surface half angle 210 and p is a cable
pitch 604 of cable 132 on shaft 130.
[0030] Shaft 130 or arc surface 136 may also include
spiral grooves to help guide cable 132 as it wraps and
unwraps on shaft 130. These grooves have the additional
benefit of relieving stress on cable 132 by providing sup-
port to the sides of cable 132, preventing cable 132 from
flattening against shaft 130 or arc surface 136.
[0031] With reference to Figs. 7 and 8, bottom, front,
perspective and bottom schematic diagrams of a second
actuating device 700 are shown to illustrate a second
example mounting of cable 132. The illustrative embod-
iment of Figs. 7 and 8 is suitable for cases where there
is minimal vibration or impact loading, or where occa-
sional slippage of cable 132 on shaft 130 may not matter.
In this case, cable 132 is comprised of a single cable that
is wrapped around shaft 130 for several turns. With
enough turns, the friction between cable 132 and shaft
130 is sufficient to prevent slippage. The required number
of turns can be determined experimentally for second
actuating device 700, or estimated by using the well-
known capstan equation and estimates of the cable pre-

tension force and coefficient of friction.
[0032] With reference to Fig. 9, a third actuating device
900 is shown to illustrate a third example mounting of
shaft 130 to arc surface 136. In the illustrative embodi-
ment of Fig. 9, shaft 130 includes a first plurality of teeth
900 that extend from a surface of shaft 130. Arc surface
136 includes a second plurality of teeth 902 that extend
from arc surface 136, wherein the first plurality of teeth
900 mesh with the second plurality of teeth 902 to mount
shaft 130 to arc surface 136 and to thereby translate
translating link 112 under control of actuator 106.
[0033] With reference to Fig. 10, a fourth actuating de-
vice 1000 is shown in accordance with a fourth illustrative
embodiment. Fourth actuating device 1000 may include
a housing 1001, a second 4-bar linkage 102b, a second
drive system 104b, and actuator 106. Housing 1001 may
include a second base link 108b, a first side wall 1002,
a second side wall 1004, a top wall 1006, and a back wall
1008. First side wall 1002 extends from a first end of
second base link 108b. Second side wall 1004 extends
from a second end of second base link 108b opposite
the first end of second base link 108b. Top wall 1006
extends between first side wall 1002 and second side
wall 1004 above second base link 108b. As used in this
disclosure, the term "wall" may include any shaped struc-
ture and may be curved. Back wall 1008 includes an ac-
tuator support surface 1009 cut in a surface of back wall
1008 to support actuator 106 relative to arc surface 136.
Alternatively, actuator support surface 1009 may be at-
tached to top wall 1006 and back wall 1008 may not be
required.
[0034] Second 4-bar linkage 102b may include second
base link 108b, first link 110, a second translating link
112b, and second link 114. Second base link 108b may
include a second base plate 116b that extends between
first joint 118 and second joint 120. First joint 118 mounts
to second base link 108b through a first joint support 1010
that extends up from second base link 108b. Second joint
120 mounts to second base link 108b through a second
joint support 1012 that extends up from second base link
108b.
[0035] Second translating link 112b may include a sec-
ond translating plate 122b that extends between third
joint 124 and fourth joint 126. Third joint 124 mounts to
second translating plate 122b through a first joint con-
nector 1014 that extends up from third joint 124. Fourth
joint 126 mounts to second translating plate 122b through
a second joint connector 1016 that extends up from fourth
joint 126.
[0036] In the illustrative embodiment of Fig. 10, second
drive system 104b may include a second drive 128b,
shaft 130, and any of the mechanisms for mounting arc
surface 136 to shaft 130 discussed herein. Second drive
128b may include arc surface 136, a second front drive
surface 138b, a fifth attachment side surface 1018, a sixth
attachment side surface 1020, and a back drive surface
(not shown). Second front drive surface 138b, fifth at-
tachment side surface 1018, sixth attachment side sur-
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face 1020, and the back drive surface mount to second
translating plate 122b along first edges. Arc surface 136
forms an arc shaped surface and extends between sec-
ond edges of front drive surface 138b, fifth attachment
side surface 1018, sixth attachment side surface 1020,
and the back drive surface. Drive 128b may be hollow or
solid. In the illustrative embodiment of Fig. 10, fifth at-
tachment side surface 1018 and sixth attachment side
surface 1020 extend generally perpendicular from sec-
ond translating plate 122b.
[0037] With reference to Fig. 11, a fifth actuating device
1100 is shown in accordance with a fifth illustrative em-
bodiment. Fifth actuating device 1100 may include a third
4-bar linkage 102c, a third drive system 104c, and actu-
ator 106. Third 4-bar linkage 102c may include a third
base link 108c, first link 110, a third translating link 112c,
and second link 114. Third base link 108c may include
second base plate 116b that extends between first joint
118 and second joint 120. First joint 118 mounts to third
base link 108c through first joint support 1010 that ex-
tends up from third base link 108c. Second joint 120
mounts to third base link 108c through second joint sup-
port 1012 that extends up from third base link 108c. Third
base link 108c further may include a base extension plate
1104 that extends from second base plate 116b at sec-
ond joint support 1012 and is generally parallel to second
base plate 116b. Actuator 106 is mounted adjacent or to
base extension plate 1104.
[0038] Third translating link 112c may include second
translating plate 122b that extends between third joint
124 and fourth joint 126. Third joint 124 mounts to second
translating plate 122b through first joint connector 1014
that extends up from third joint 124. Fourth joint 126
mounts to second translating plate 122b through second
joint connector 1016 that extends up from fourth joint
126. Third translating link 112c further may include an
extension plate 1102 that extends from second translat-
ing plate 122b at second joint connector 1016 and is gen-
erally parallel to second translating plate 122b. Drive 128
mounts to extension plate 1102 in a direction towards
shaft 130. In the illustrative embodiment of Fig. 11, third
drive system 104c may include drive 128, shaft 130, and
any of the mechanisms for mounting arc surface 136 to
shaft 130 discussed herein.
[0039] With reference to Fig. 12, a sixth actuating de-
vice 1200 is shown in accordance with a sixth illustrative
embodiment in a first translated position. Sixth actuating
device 1200 may include a fourth 4-bar linkage 102d, a
fourth drive system 104d, and actuator 106. Fourth 4-bar
linkage 102d may include base link 108, a first curved
link 110b, translating link 112, and a second curved link
114b. First curved link 110b forms a curved surface be-
tween first joint 118 and third joint 124. First curved link
110b further includes a first slot 1202 that allows drive
128 and/or a body of actuator 106 to extend through first
curved link 110b. Second curved link 114b forms a curved
surface between second joint 120 and fourth joint 126.
Second curved link 114b further includes a second slot

1204 that allows drive 128 and/or the body of actuator
106 to extend through second curved link 114b. First
curved link 110b and second curved link 114b have the
same curvature though mounted to curve in opposite di-
rections as more clearly shown in Fig. 13. First curved
link 110b and second curved link 114b may be curved to
avoid collisions with the body of actuator 106, drive 128,
and/or actuator mounting flanges. In the illustrative em-
bodiment of Fig. 12, fourth drive system 104d may include
drive 128, shaft 130, and any of the mechanisms for
mounting arc surface 136 to shaft 130 discussed herein.
[0040] With reference to Fig. 13, a front schematic view
of sixth actuating device 1200 is shown in a center posi-
tion. With reference to Fig. 14, a front schematic view of
sixth actuating device 1200 is shown in a second trans-
lated position relative to that of Fig. 12. With reference
to Fig. 15, a front schematic view of sixth actuating device
1200 is shown in the first translated position of Fig. 12.
[0041] With reference to Fig. 16, a seventh actuating
device 1600 is shown in accordance with a seventh illus-
trative embodiment and in a first translated position. With
reference to Fig. 17a, a back schematic view of seventh
actuating device 1600 is shown in a first translated posi-
tion. With reference to Fig. 17b, a disconnected sche-
matic diagram of seventh actuating device 1600 is
shown. Seventh actuating device 1600 may include
fourth 4-bar linkage 102d, a fifth drive system 104e, and
actuator 106. Fourth 4-bar linkage 102d may include
base link 108, first curved link 110b, translating link 112,
and second curved link 114b. First curved link 110b forms
a curved surface between first flexure joint 118b and third
flexure joint 124b. Second curved link 114b forms a
curved surface between second flexure joint 120b and
fourth flexure joint 126b. In the illustrative embodiment
of Fig. 16, fifth drive system 104e may include a third
drive 128c, shaft 130, and any of the mechanisms for
mounting arc surface 136 to shaft 130 discussed herein.
[0042] Third drive 128c may include arc surface 136,
a third front drive surface 138c, a third side surface 1602,
a fourth side surface 1604, and a back drive surface 1700
(shown with reference to Fig. 17a). Third front drive sur-
face 138c, third side surface 1602, fourth side surface
1604, and back drive surface 1700 mount to second
translating plate 122b along first edges. Arc surface 136
forms an arc shaped surface and extends between sec-
ond edges of third front drive surface 138c, third side
surface 1602, fourth side surface 1604, and back drive
surface 1700. Third drive 128c may be hollow or solid.
In the illustrative embodiment of Fig. 16, third front drive
surface 138c includes a plurality of holes 1606 used to
terminate cable 132. An actuator support wall 1616 ex-
tends up from base plate 116 and support actuator 106
and includes a second actuator support surface 1702
(shown with reference to Fig. 17b).
[0043] In the illustrative embodiment of Fig. 16, third
side surface 1602 includes a seventh attachment side
surface 1608 and an eighth attachment side surface 1610
that extends at an arc from seventh attachment side sur-
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face 1608. Seventh attachment side surface 1608 ex-
tends in a generally perpendicular direction from trans-
lating plate 122. Fourth side surface 1604 includes a ninth
attachment side surface 1612 and a tenth attachment
side surface 1614 that extend at an arc from ninth attach-
ment side surface 1612. Ninth attachment side surface
1612 extends in a generally perpendicular direction from
translating plate 122. Eighth attachment side surface
1610 and tenth attachment side surface 1614 form a
wedge shape from which arc surface 136 is formed.
[0044] With reference to Fig. 18, a front, left perspec-
tive diagram of an eighth actuating device 1800 is shown
in accordance with an eighth illustrative embodiment.
Eighth actuating device 1800 may include a fifth 4-bar
linkage 102e, a sixth drive system 104f, and actuator 106.
[0045] With reference to Fig. 19, which shows an ex-
ploded view of eighth actuating device 1800, eighth ac-
tuating device 1800 may include a base part 1900, a third
curved link 110c, a translating part 1902, a fourth curved
link 114c, actuator 106, a first shaft 1904, a second shaft
1906, a third shaft 1908, and a fourth shaft 1910. Fifth 4-
bar linkage 102e may include base link 108, third curved
link 110c, translating link 112, and fourth curved link 114c.
[0046] Base part 1900 may include base plate 116,
actuator support wall 1912, a first arc shaped socket
1914, a first socket ceiling 2400 (shown with reference
to Fig. 24), a second arc shaped socket 1916, and a
second socket ceiling 1918. Base link 108 may include
base plate 116 that extends between first joint 118 and
second joint 120. Base plate 116 is mounted between
first joint 118 and second joint 120. First joint 118 may
include first shaft 1904, first arc shaped socket 1914, and
first socket ceiling 2400. First arc shaped socket 1914 is
sized and shaped to hold one end of first shaft 1904. First
socket ceiling 2400 is mounted over the middle portion
of first shaft 1904 to further hold first shaft 1904 in posi-
tion. The vertical offset between first arc shaped socket
1914 and first socket ceiling 2400 should be slightly less
than the diameter of shaft 1904 to provide a press-fit and
prevent shaft 1904 from moving relative to base part
1900. Second joint 120 may include second shaft 1906,
second arc shaped socket 1916, and second socket ceil-
ing 1918. Second arc shaped socket 1916 is sized and
shaped to hold second shaft 1906. Second socket ceiling
1918 is mounted to extend over at least a portion of sec-
ond arc shaped socket 1916 to further hold second shaft
1906 in position.
[0047] Actuator support wall 1912 is mounted to extend
up from base plate 116 in a generally perpendicular di-
rection. Actuator support wall 1912 includes a second
actuator support surface 1913 sized and shaped to sup-
port actuator 106 relative to arc surface 136 when mount-
ed together to form eighth actuating device 1800. In the
illustrative embodiment of Figs. 18 and 19, actuator sup-
port wall 1912 further includes mounting pin holes that
align with actuator mounting pin holes to fixedly mount
actuator 106 to actuator support wall 1912 which is fixedly
mounted to base plate 116. The mounting pin holes may

accommodate pins or screws or the like.
[0048] Third curved link 110c forms a curved surface
between first joint 118 and third joint 124 and mounts to
base plate 116 at first joint 118 and to translating plate
122 at third joint 124. Fourth curved link 114c forms a
curved surface between second joint 120 and fourth joint
126. Third curved link 110c and fourth curved link 114c
have the same curvature though mounted to curve in
opposite directions. First curved link 110b and second
curved link 114b may be curved to avoid collisions with
sixth drive system 104f while minimizing the overall size
of the assembled device.
[0049] In the illustrative embodiment of Figs. 18 and
19, third curved link 110c includes a first curved wall
1920, a third side wall 1922, a fourth side wall 1924, a
first pair of retainer clips 1926, a first pair of abutment
walls 1928, a second pair of retainer clips 1930, and a
second pair of abutment walls 1932. Third side wall 1922
is mounted to extend from first curved wall 1920 along a
first edge 1923. Fourth side wall 1924 is mounted to ex-
tend from first curved wall 1920 along a second edge
1925 generally opposite first edge 1923. The first pair of
retainer clips 1926 extend from a third edge 1927 of first
curved wall 1920. A first abutment wall of the first pair of
abutment walls 1928 extends from third side wall 1922,
and a second abutment wall of the first pair of abutment
walls 1928 extends from fourth side wall 1924. The sec-
ond pair of retainer clips 1930 extend from a fourth edge
1931 of first curved wall 1920. A first abutment wall of
the second pair of abutment walls 1932 extends from
third side wall 1922, and a second abutment wall of the
second pair of abutment walls 1932 extends from fourth
side wall 1924. Third shaft 1908 fits within a space de-
fined by the first pair of retainer clips 1926 and the first
pair of abutment walls 1928. First shaft 1904 fits within
a space defined by the second pair of retainer clips 1930
and the second pair of abutment walls 1932.
[0050] In the illustrative embodiment of Figs. 18 and
19, fourth curved link 114c includes a second curved wall
1934, a fifth side wall 1936, a sixth side wall (not shown),
a third pair of retainer clips 1938, a third pair of abutment
walls 1940, a fourth pair of retainer clips (not shown), and
a fourth pair of abutment walls (not shown). Fifth side
wall 1936 is mounted to extend from second curved wall
1934 along a first edge 1937. The sixth side wall is mount-
ed to extend from second curved wall 1934 along a sec-
ond edge 1939 generally opposite first edge 1937. The
third pair of retainer clips 1938 extend from a third edge
1941 of second curved wall 1934. A first abutment wall
of the third pair of abutment walls 1940 extends from fifth
side wall 1936, and a second abutment wall of the third
pair of abutment walls 1940 extends from the sixth side
wall. The fourth pair of retainer clips extends from a fourth
edge (not shown) of second curved wall 1934. A first
abutment wall of the fourth pair of abutment walls extends
from third side wall 1936, and a second abutment wall of
the fourth pair of abutment walls extends from the sixth
side wall. Fourth shaft 1910 fits within a space defined
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by the third pair of retainer clips 1938 and the third pair
of abutment walls 1940. Second shaft 1906 fits within a
space defined by the fourth pair of retainer clips and the
fourth pair of abutment walls.
[0051] The retainer clips 1926, 1930, 1938 may be de-
signed to provide a pre-load force large enough to with-
stand any expected interaction forces without exceeding
the yield strength of the material. For example, retainer
clips 1926, 1930, 1938 may be pre-loaded in two direc-
tions, a first direction is against shaft 130 to prevent mo-
tion perpendicular to shaft 130, and a second direction
is against an outer wall of the socket ceiling to prevent
motion along the axis of shaft 130. In addition, to minimize
parasitic frictional forces, the pre-load forces may not be
much larger than required for withstanding these inter-
action forces. A lubricant can be added to the retainer
clips 1926, 1930, 1938 or shafts 1904, 1906, 1908, 1910
to reduce friction, or an additive, such as perfluoropoly-
ether (PFPE) synthetic oil, PTFE (Polytetrafluoroethyl-
ene), silicone, molybdenum disulfide, or graphite, can be
used during a molding process to provide internal lubri-
cation. Alternatively, the pairs of abutment walls 1928,
1932, 1940 and retainer clips 1926, 1930, 1938 can be
replaced with simple precision holes with a slip-fit toler-
ance relative to the shafts 1904, 1906, 1908, 1910. In
this case, an additional manufacturing step or tightly con-
trolled injection molding process may be used to make
the hole, and a small amount of backlash may result,
though the joint should be able to withstand a greater
range of interaction forces.
[0052] In the illustrative embodiment of Figs. 18 and
19, sixth drive system 104f may include a fourth drive
128d, shaft 130, and any of the mechanisms for mounting
arc surface 136 to shaft 130 discussed herein. Translat-
ing part 1902 may include translating plate 122, fourth
drive 128d, a third arc shaped socket 1944, a third socket
ceiling 2020 (shown with reference to Fig. 20), a fourth
arc shaped socket 1946, and a fourth socket ceiling 2022
(shown with reference to Fig. 20). Translating link 112
may include translating plate 122 that extends between
third joint 124 and fourth joint 126. Third joint 124 may
include third shaft 1908, third arc shaped socket 1944,
and third socket ceiling 2020. Third arc shaped socket
1944 is sized and shaped to hold third shaft 1908. Third
socket ceiling 2020 is mounted over the middle portion
of third shaft 1908 to further hold third shaft 1908 in po-
sition. Fourth joint 126 may include fourth shaft 1910,
fourth arc shaped socket 1946, and fourth socket ceiling
2022. Fourth arc shaped socket 1946 is sized and shaped
to hold fourth shaft 1910. Fourth socket ceiling 2022 is
mounted to over the middle portion of fourth shaft 1910
to further hold fourth shaft 1910 in position.
[0053] First shaft 1904 is inserted in first arc shaped
socket 1914 below first socket ceiling 2400 and between
the second pair of retainer clips 1930, and the second
pair of abutment walls 1932 to mount base part 1900 to
third curved link 110c. Second shaft 1906 is inserted in
second arc shaped socket 1916 below second socket

ceiling 1918 and between the fourth pair of retainer clips,
and the fourth pair of abutment walls to mount base part
1900 to fourth curved link 114c. Third shaft 1908 is in-
serted in third arc shaped socket 1944 below third socket
ceiling 2020 and between the first pair of retainer clips
1926, and the first pair of abutment walls 1928 to mount
translating part 1902 to third curved link 110c. Fourth
shaft 1910 is inserted in fourth arc shaped socket 1946
below fourth socket ceiling 2022 and between the third
pair of retainer clips 1938, and the third pair of abutment
walls 1940 to mount translating part 1902 to fourth curved
link 114c.
[0054] With reference to Figs. 20-22, an enlarged view
of translating part 1902 is provided. Fig. 20 depicts a
right, top, front perspective diagram of translating part
1902. Fig. 21 depicts a left, top, front perspective diagram
of translating part 1902. Fig. 22 depicts a right, bottom,
back perspective diagram of translating part 1902.
[0055] Translating plate 122 may include an integral
flexure spring 2000 cut through the surface of translating
plate 122. Fourth drive 128d is mounted to extend down
from translating plate 122 in a generally perpendicular
direction. Fourth drive 128d may include arc surface 136,
a fourth front drive surface 138d, a fifth side surface 2100
(shown with reference to Fig. 21), a sixth side surface
2006, and a second back drive surface 2200 (shown with
reference to Fig. 22). Fourth drive 128d may be hollow
or solid.
[0056] In an illustrative embodiment, cable 132, as de-
scribed with reference to Figs. 7 and 8, is used in sixth
drive system 104f to mount fourth drive 128d to shaft
130. A first end of cable 132 is mounted to a tip 2002 of
integral flexure spring 2000. A second end of cable 132
is mounted to a termination hole 2004 cut in sixth side
surface 2006. Between tip 2002 and termination hole
2004, cable 132 extends along fifth side surface 2100,
through a first notch 2102 cut in a first edge 2104 (shown
with reference to Fig. 21) of fifth side surface 2100, along
a first portion of arc surface 136, around shaft 130, along
a second portion of arc surface 136, through a second
notch 2010 cut in a first edge 2008 of sixth side surface
2006, and along sixth side surface 2006. Arc surface 136
forms an arc shaped surface and extends between an
edge of fourth front drive surface 138d, first edge 2104
of fifth side surface 2100, first edge 2008 of sixth side
surface 2006, and an edge of second back drive surface
2200.
[0057] With reference to Figs. 23 and 24, an enlarged
view of base part 1900 is provided. Fig. 23 depicts a right,
top, front perspective diagram of base part 1900. Fig. 24
depicts a right, top, back perspective diagram of base
part 1900. Base plate 116 may include an actuator cutout
2402 cut through the surface of base plate 116 and sized
and shaped to hold actuator 106 in position relative to
base link 108. Actuator 106 can be mounted to base plate
116 using fasteners, adhesives, ultrasonic welding, etc.
Actuator cutout 2402 may further provide an exit pathway
for routing of electrical cables.
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[0058] As an example, eighth actuating device 1800
can be used where a small, low-cost device for precision
motion with low interaction forces is desired. Fifth 4-bar
linkage 102e may be designed to be injection molded out
of acrylonitrile butadiene styrene or similar plastic mate-
rial using low-cost straight-pull molds. The shafts 1904,
1906, 1908, 1910 of first joint 118, second joint 120, third
joint 124, and fourth joint 126, respectively, may be
formed of standard mass-produced precision ground
dowel pins. Actuator 106 may comprise a stepper motor
such as a Portescap 26M048B1B or similar low-cost mo-
tor capable of microstepping operation. Press-fit holes
for the shafts 1904, 1906, 1908, 1910 of first joint 118,
second joint 120, third joint 124, and fourth joint 126,
respectively, may be provided on base plate 116 and
translating plate 122. Alternatively, the shafts 1904,
1906, 1908, 1910 of first joint 118, second joint 120, third
joint 124, and fourth joint 126, respectively, can be in-
serted into the mold prior to the injection molding process
and molded in place.
[0059] Eighth actuating device 1800 includes features
for pre-loading and routing cable 132. Cable 132 is first
looped around tip 2002 of integral flexure spring 2000,
routed around two corners of fifth side surface 2100, and
through first notch 2102 leading to arc surface 136. Cable
132 is then wrapped along arc surface 136, wrapped sev-
eral times around shaft 130, then through second notch
2010. Cable 132 is then pulled tight such that integral
flexure spring 2000 deflects by the desired amount and
clamped in place by tightening a screw inserted into ter-
mination hole 2004. Integral flexure spring 2000 simpli-
fies manufacturing and assembly, but may creep over
time depending on the part material and environmental
conditions. A metal leaf spring or extension spring may
be used instead of integral flexure spring 2000, either
molded in place or installed during assembly. If cable 132
has sufficient compliance and low enough creep or
stretch over time, a separate spring may not need to be
used.
[0060] First joint 118, second joint 120, third joint 124,
and fourth joint 126 connect the links 108, 110c, 112, and
114c such that the angles of the parallelogram can be
deflected by a large amount, for example up to +/- 45
degrees. The motion range of eighth actuating device
1800, assuming a +/-45 degree angle range, is approx-
imately 1.4 times the length of the "side" links, third curved
link 110c and fourth curved link 114c of fifth 4-bar linkage
102e, which is much larger than the motion range obtain-
able using a similarly sized leaf-spring flexure device and
approaches that of a serial link manipulator with equiva-
lent link lengths.
[0061] For some applications, the output position of
actuator 106 may be sensed by using a standard optical
encoder, resolver, hall sensors, or other rotational posi-
tion sensor. A sensorless electronic technique may also
be used to determine the actuator position. However, it
may be desirable to directly sense the position of trans-
lating link 112 relative to base link 108. For example, the

simpler cabling scheme of Figs. 7 and 8 may be preferred,
but slippage of cable 132 on shaft 130 might need to be
detected. In this case, a sensing target can be provided
on second back surface 2200 and a sensor mounted near
a face of actuator 106 on base link 108, preferably cen-
tered above shaft 130. With reference to Fig. 25, a right,
bottom, back perspective diagram of translating part
1902 is shown with first encoder markings 2500 on sec-
ond back surface 2200. With reference to Fig. 26, a right,
bottom, back perspective diagram of translating part
1902 is shown with second encoder markings 2600 on
second back surface 2200. Any standard rotational or
linear non-contact position sensing device can be used
for this purpose, including optical encoders, reflectance
sensors, and magnetic encoders. If it is desirable for the
sensor to measure the linear translational motion of ac-
tuator 106, a linear scale such as that provided by first
encoder markings 2500 may be used. However, if it is
desirable to measure the translational motion along the
arc traversed, a rotational scale such as that provided by
second encoder markings 2600 may be used. While the
linear translational displacement and arc translational
displacement are related by a simple relation, it may be
preferable to sense one or the other of them directly, for
example, to simplify controller computations or maximize
sensor resolution. Depending on the type of sensor, first
encoder markings 2500 and second encoder markings
2600 may take the form of an adhesive-backed printed
pattern, a precision fine-pitch pattern on a plastic or glass
scale, an alternating pole magnetic sheet, physical
grooves molded into second back surface 2200, etc.
[0062] Some sensors are sensitive to the gap between
the sensor and the target being sensed, for example, by
detecting the root-mean-squared amplitude of a pair of
quadrature outputs of a reflective optical sensor, and not
just the quadrature angle. This gap may vary based on
manufacturing tolerances, but will also change based on
transverse flexing of the 4-bar linkage, reflecting interac-
tion forces. For applications where multiple actuators of
this type are stacked in differing directions, combining
the multiple gap measurements can serve as a crude
multi-axis low-cost force or collision detection.
[0063] If actuator 106 is used in an application where
it will experience a constant load force, for example, a
gravity load, a counterbalance can be installed to reduce
the torque requirements of actuator 106. This counter-
balance may be a hanging weight on a pulley, a constant
force spring, a linear spring, etc.
[0064] For some scientific and medical applications, it
may be desirable to fabricate the described actuating de-
vices out of components that can withstand steam auto-
claving. For example, the 4-bar linkage and drive can be
fabricated out of stainless steel, anodized aluminum, or
a high-temperature plastic such as polyetherimide or
polypropylene. The joints can be polypropylene "living
hinges", high-temperature plastic bushings, or stainless
steel ball bearings. Similar to commercially available
autoclavable motors, actuator 106 should be sealed with
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corrosion-resistant outer surfaces and have high temper-
ature magnets, wiring, and electronic components. Any
sensors should be able to withstand high temperatures
and humidity (e.g. hall sensors detecting the position of
high-temperature magnets). Cable 132 may formed of
material that is resistant to corrosion and high tempera-
tures, such as stainless steel, tungsten, or liquid crystal
polymer (Vectran).
[0065] For high-volume, low-cost applications, the de-
scribed actuating devices can be fabricated with integral
"living hinges" with the base link, the translating link, and
the two side links formed as a single injection molded
part, such as that shown in Fig. 17b. Note that the designs
shown in Figs. 16-26 do not show draft angles (slopes)
on vertical and other walls necessary for straight-pull in-
jection molding, but could be easily adapted by one
skilled in the art. Where many operational cycles are de-
sired, a high fatigue resistant polymer may be used, such
as polyethylene or polypropylene. Gear teeth used to
form arc surface 136 could be designed into the molds,
eliminating the need for a separate part, and resulting in
an actuating device with only three easy to assemble
low-cost components: an injection molded flexure with
integral hinges and drive gear teeth, actuator 106 such
as a stepper motor with integral shaft 130, and a pinion
gear for shaft 130.
[0066] For applications where it is desirable to both
translate and reorient an object, the described actuating
devices can be used as rotational actuators by using one
of the side links of the 4-bar linkage as the output link.
For example, with reference to Fig. 27, a combined ac-
tuating device 2700 may include a first actuating device
100a, a second actuating device 100b, and a third actu-
ating device 100c. First actuating device 100a, second
actuating device 100b, and third actuating device 100c
are mounted to control the position and orientation of tool
2702 within a plane, with second actuating device 100b
providing the orientation control. Thus, the described ac-
tuating devices are well suited for use as modular actu-
ating devices that can be combined and configured at
assembly for rotational or translational use.
[0067] Additionally, any link of the 4-bar linkages de-
scribed herein may be mounted to a surface external to
the 4-bar linkage such that the link moves with the exter-
nal surface. For example, as shown with reference to Fig.
27, base plate 116 of first actuating device 100a is indi-
cated as mounted to an external surface 2704. Base plate
116 of second actuating device 100b is indicated as
mounted to translating plate 122 of first actuating device
100a, which is external to the 4-bar linkage of second
actuating device 100b. Base plate 116 of third actuating
device 100c is indicated as mounted to second link 114
of second actuating device 100b, which is external to the
4-bar linkage of third actuating device 100c. External sur-
face 2704, of course, may be fixed or moveable or mount-
ed to another object that is moveable. Thus, actuating
device 100 may have mounting features on up to all four
links such that actuating device 100 can be installed by

the user or system integrator in a variety of configura-
tions.
[0068] For further illustration, with reference to Fig.
28a, a front view of actuating device 100 is shown in
accordance with an illustrative embodiment with first link
110 mounted to external surface 2704. Though first link
110 is mounted to external surface 2704, first link 110
remains mounted to third joint 124 to allow rotation of
first link 110 relative to translating plate 122 at third joint
124. Second link 114, of course, also remains mounted
to fourth joint 126 to allow rotation of second link 114
relative to translating plate 122 at fourth joint 126. With
reference to Fig. 28b, actuating device 100 is shown in
a first translated position. Actuator 106 rotates shaft 130
which in turn translates arc surface 136 of drive 128 along
an arc. Thus, as shaft 130 rotates, the tangent of arc
surface 136 nearest actuator 106 stays aligned with the
direction of motion, allowing efficient use of the actuator
torque and precision. Rotation of arc surface 136 of drive
128 results in translation of second link 114 while first
link 110 remains fixed. Thus, in this illustrative embodi-
ment, translating plate 122 rotates and second link 114
translates. However, it is translation of shaft 130 along
arc surface 136 that is mounted to translating plate 122
that causes second link 114 to translate. In the illustrative
embodiment of Figs. 28a and 28b, there is a 2:1 link
length ratio between first link 110/second link 114 and
base plate 116/translating plate 122 and a +/- 45 degree
range of motion though, of course, other ratios and rang-
es of motion may be used based on the intended usage
of actuating device 100. Though having the same basic
structure as that shown in Fig. 1, the mounting of actu-
ating device 100 as shown in Figs. 28a and 28b supports
tailoring to different applications.
[0069] Optional covers may be used to provide a clean-
er appearance and help shield the actuating device from
liquids, dust, or other environmental problems that may
interfere with the proper functioning of the actuating de-
vice. Thin injection molded or thermoformed plastic cov-
ers may be attached to one or more links of the 4-bar
linkage, covering the otherwise open areas on the front
and back of the actuating device and near the joints.
Seals made of rubber, silicone, or other material, can be
attached to the inside surfaces of the covers to provide
additional environmental protection, although with added
friction.
[0070] The word "illustrative" is used herein to mean
serving as an example, instance, or illustration. Any as-
pect or design described herein as "illustrative" is not
necessarily to be construed as preferred or advanta-
geous over other aspects or designs. Further, for the pur-
poses of this disclosure and unless otherwise specified,
"a" or "an" means "one or more". Still further, the use of
"and" or "or" is intended to include "and/or" unless spe-
cifically indicated otherwise.
[0071] The foregoing description of illustrative embod-
iments of the invention has been presented for purposes
of illustration and of description. It is not intended to be
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exhaustive or to limit the invention to the precise form
disclosed, and modifications and variations are possible
in light of the above teachings or may be acquired from
practice of the invention. The embodiments were chosen
and described in order to explain the principles of the
invention and as practical applications of the invention
to enable one skilled in the art to utilize the invention in
various embodiments and with various modifications as
suited to the particular use contemplated. It is intended
that the scope of the invention be defined by the claims
appended hereto.

Claims

1. An actuating device comprising:

a base link (108, 108b, 108c) comprising a base
plate (116, 116b), a first joint (118), and a second
joint (120), wherein the base plate (116, 116b)
extends between the first joint (118) and the sec-
ond joint (120);
a first link (110, 110b, 110c) mounted to the first
joint (118) to allow rotation of the first link (110,
110b, 110c) relative to the base plate (116,
116b) at the first joint (118);
a second link (114, 114b, 114c) mounted to the
second joint (120) to allow rotation of the second
link (114, 114b, 114c) relative to the base plate
(116, 116b) at the second joint (120);
a translating link (112, 112b, 112c) comprising
a translating plate (122, 122b), a third joint (124),
and a fourth joint (126), wherein the translating
plate (122, 122b) extends between the third joint
(124) and the fourth joint (126), further wherein
the first link (110, 110b, 110c) is mounted to the
third joint (124) to allow rotation of the first link
(110, 110b, 110c) relative to the translating plate
(122, 122b) at the third joint (124), and further
wherein the second link (114, 114b, 114c) is
mounted to the fourth joint (126) to allow rotation
of the second link (114, 114b, 114c) relative to
the translating plate (122, 122b) at the fourth
joint (126);
a shaft (130) configured to mount to an actuator
(106) such that the actuator (106) causes rota-
tion of the shaft (130), wherein, when operating
the actuating device, a position of the shaft (130)
is fixed relative to the base plate (116, 116b); and
a drive (128, 128b, 128c, 128d) comprising an
arc surface (136), wherein the drive (128, 128b,
128c, 128d) is mounted to the translating link
(112, 112b, 112c) such that, when operating the
actuating device, a position of the arc surface
(136) is fixed relative to the translating plate
(122, 122b), and further wherein the shaft (130)
is mounted to the arc surface (136) to cause
translation of the translating link (112, 112b,

112c) as the shaft (130) rotates.

2. The actuating device of claim 1, wherein the first link
(110b, 110c) is curved.

3. The actuating device of claims 1 or 2, wherein the
drive (128, 128b, 128c, 128d) is mounted to extend
from the translating plate (122).

4. The actuating device of claims 1, 2, or 3, further com-
prising the actuator (106), wherein the shaft (130) is
mounted to the actuator (106).

5. The actuating device of claims 1 to 4, further com-
prising a housing (1001) comprising the base plate
(116b) and a wall (1008) mounted to the base plate
(116b) and extending from the base plate (116b) in
a direction towards the translating plate (122b),
wherein the wall (1008) comprises an actuator sup-
port surface (1009) configured to support the actu-
ator (106) and to position the shaft (130) relative to
the arc surface (136).

6. The actuating device of claims 1 or 2, wherein the
translating link (112c) further comprises an exten-
sion plate (1102) that extends from the fourth joint
(126) generally parallel to the translating plate
(122b), and further wherein the drive (128) is mount-
ed to extend from the extension plate (1102), where-
in the base link (108c) further comprises a base ex-
tension plate (1104) that extends from the second
joint (120) generally parallel to the base plate (116b),
and further wherein the actuator (106) is mounted to
the base extension plate (1104).

7. The actuating device of claims 1 to 5, wherein the
shaft (130) is mounted within a space defined by the
base plate (116), the first link (110, 110b, 110c), the
second link (114, 114b, 114c), and the translating
plate (122).

8. The actuating device of claims 1 to 7, further com-
prising a single cable, wherein the shaft is mounted
to the arc surface using the single cable that mounts
to the drive at a first point, extends along a first portion
of the arc surface, winds around at least a portion of
the shaft, extends along a second portion of the arc
surface, and mounts to the drive at a second point.

9. The actuating device of claim 8, wherein an end of
the single cable (132) mounts to the translating link
(112, 112b, 112c) through a spring (2000).

10. The actuating device of claims 1 to 7, wherein the
shaft (130) comprises a first plurality of teeth (900)
that extend from a surface of the shaft (130), and the
arc surface (136) comprises a second plurality of
teeth (902) that extend from the arc surface (136),
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wherein the first plurality of teeth (900) mesh with
the second plurality of teeth (902) to mount the shaft
(130) to the arc surface (136).

11. The actuating device of claims 1 to 7, further com-
prising a cable (606) comprising a first end and a
second end (610), wherein the shaft (130) is mount-
ed to the arc surface (136) using the cable (606) that
mounts to the drive (128, 128b, 128c, 128d) at the
first end, extends along a first portion of the arc sur-
face (136), winds around a first portion of the shaft
(130), and mounts to the shaft (130) at the second
end (610); and a second cable (608) comprising a
third end and a fourth end (612), wherein the shaft
(130) is further mounted to the arc surface (136) us-
ing the second cable (608) that mounts to the trans-
lating link (112, 112b, 112c) at the third end, extends
along a second portion of the arc surface (136),
winds around a second portion of the shaft (130),
and mounts to the shaft (130) at the fourth end (612).

12. The actuating device of claim 11, wherein the third
end of the second cable mounts to the translating
link (112, 112b, 112c) through a spring (2000).

13. The actuating device of claims 1 to 7, wherein the
shaft (130) comprises a first frictional surface and
the arc surface (136) comprises a second frictional
surface, wherein the shaft (130) is mounted to the
arc surface (136) using a frictional force between the
first frictional surface and the second frictional sur-
face.

14. The actuating device of claims 1 to 7, further com-
prising a belt mounted to the shaft (130) and to the
drive (128, 128b, 128c, 128d), wherein the shaft
(130) is mounted to the arc surface (136) using the
belt.

15. The actuating device of claims 1 to 14, wherein a
length of the first link (110, 110b, 110c) measured
between centers of the first joint (118) and the third
joint (124) is approximately equal to a distance
measured between a center of the shaft (130) and
a center of a circle (202) on which the arc surface
(136) forms a part of the circumference.

Patentansprüche

1. Betätigungsvorrichtung, die umfasst:

ein Basisglied (108, 108b, 108c), das eine
Grundplatte (116, 116b), ein erstes Gelenk
(118) und ein zweites Gelenk (120) umfasst, wo-
bei die Grundplatte (116, 116b) zwischen dem
ersten Gelenk (118) und dem zweiten Gelenk
(120) verläuft;

ein erstes Glied (110, 110b, 110c), das an dem
ersten Gelenk (118) angebracht ist, um bei dem
ersten Gelenk (118) die Drehung des ersten
Glieds (110, 110b, 110c) relativ zu der Grund-
platte (116, 116b) zu ermöglichen;
ein zweites Glied (114, 114b, 114c), das an dem
zweiten Gelenk (120) angebracht ist, um bei
dem zweiten Gelenk (120) die Drehung des
zweiten Glieds (114, 114b, 114c) relativ zu der
Grundplatte (116, 116b) zu ermöglichen;
ein Verschiebungsglied (112, 112b, 112c), das
eine Verschiebungsplatte (122, 122b), ein drit-
tes Gelenk (124) und ein viertes Gelenk (126)
umfasst, wobei die Verschiebungsplatte (122,
122b) zwischen dem dritten Gelenk (124) und
dem vierten Gelenk (126) verläuft, wobei das
erste Glied (110, 110b, 110c) ferner an dem drit-
ten Gelenk (124) angebracht ist, um bei dem
dritten Gelenk (124) die Drehung des ersten
Glieds (110, 110b, 110c) relativ zu der Verschie-
bungsplatte (122, 122b) zu ermöglichen, und
wobei das zweite Glied (114, 114b, 114c) ferner
an dem vierten Gelenk (126) angebracht ist, um
bei dem vierten Gelenk (126) die Drehung des
zweiten Glieds (114, 114b, 114c) relativ zu der
Verschiebungsplatte (122, 122b) zu ermögli-
chen;
eine Welle (130), die dafür konfiguriert ist, in der
Weise an einem Aktuator (106) angebracht zu
werden, dass der Aktuator (106) eine Drehung
der Welle (130) verursacht, wobei eine Position
der Welle (130) relativ zu der Grundplatte (116,
116b) fest ist, wenn die Betätigungs-vorrichtung
betrieben wird; und
einen Antrieb (128, 128b, 128c, 128d), der eine
Bogenfläche (136) umfasst, wobei der Antrieb
(128, 128b, 128c, 128d) in der Weise an dem
Verschiebungsglied (112, 112b, 112c) ange-
bracht ist, dass eine Position der Bogenfläche
(136) relativ zu der Verschiebungsplatte (122,
122b) fest ist, wenn die Betätigungsvorrichtung
betrieben wird, und wobei die Welle (130) ferner
dafür an der Bogenfläche (136) angebracht ist,
eine Verschiebung des Verschiebungsglieds
(112, 112b, 112c) zu verursachen, während sich
die Welle (130) dreht.

2. Betätigungsvorrichtung nach Anspruch 1, wobei das
erste Glied (110b, 110c) gekrümmt ist.

3. Betätigungsvorrichtung nach Anspruch 1 oder 2, wo-
bei der Antrieb (128, 128b, 128c, 128d) in der Weise
angebracht ist, dass er von der Verschiebungsplatte
(122) ausgeht.

4. Betätigungsvorrichtung nach Anspruch 1, 2 oder 3,
die ferner den Aktuator (106) umfasst, wobei die
Welle (130) an dem Aktuator (106) angebracht ist.
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5. Betätigungsvorrichtung nach Anspruch 1 bis 4, die
ferner ein Gehäuse (1001) umfasst, das die Grund-
platte (116b) und eine Wand (1008), die an der
Grundplatte (116b) angebracht ist und von der
Grundplatte (116b) in einer Richtung zu der Ver-
schiebungsplatte (122b) verläuft, umfasst, wobei die
Wand (1008) eine Aktuatorstützfläche (1009) um-
fasst, die dafür konfiguriert ist, den Aktuator (106)
zu stützen und die Welle (130) relativ zu der Bogen-
fläche (136) zu positionieren.

6. Betätigungsvorrichtung nach Anspruch 1 oder 2, wo-
bei das Verschiebungsglied (112c) ferner eine Ver-
längerungsplatte (1102) umfasst, die von dem vier-
ten Gelenk (126) allgemein parallel zu der Verschie-
bungsplatte (122b) verläuft, und wobei der Antrieb
(128) von der Verlängerungsplatte (1102) ausge-
hend angebracht ist, wobei das Basisglied (108c)
ferner eine Basisverlängerungsplatte (1104) um-
fasst, die von dem zweiten Gelenk (120) allgemein
parallel zu der Grundplatte (116b) verläuft, und wo-
bei der Aktuator (106) ferner an der Basisverlänge-
rungsplatte (1104) angebracht ist.

7. Betätigungsvorrichtung nach Anspruch 1 bis 5, wo-
bei die Welle (130) innerhalb eines durch die Grund-
platte (116), durch das erste Glied (110, 110b, 110c),
durch das zweite Glied (114, 114b, 114c) und durch
die Verschiebungsplatte (122) definierten Raums
angebracht ist.

8. Betätigungsvorrichtung nach Anspruch 1 bis 7, die
ferner ein einzelnes Kabel umfasst, wobei die Welle
unter Verwendung des einzelnen Kabels, das bei
einem ersten Punkt an dem Antrieb angebracht ist,
entlang eines ersten Ab-schnitts der Bogenfläche
verläuft, wenigstens um einen Abschnitt der Welle
geschlungen ist, entlang eines zweiten Abschnitts
der Bogenfläche verläuft und bei einem zweiten
Punkt an dem Antrieb angebracht ist, an der Bogen-
fläche angebracht ist.

9. Betätigungsvorrichtung nach Anspruch 8, wobei ein
Ende des einzelnen Kabels (132) über eine Feder
(2000) an dem Verschiebungsglied (112, 112b,
112c) angebracht ist.

10. Betätigungsvorrichtung nach Anspruch 1 bis 7, wo-
bei die Welle (130) eine erste Mehrzahl von Zähnen
(900) umfasst, die von einer Oberfläche der Welle
(130) ausgehen, und wobei die Bogenfläche (136)
eine zweite Mehrzahl von Zähnen (902) umfasst, die
von der Bogenfläche (136) ausgehen, wobei die ers-
te Mehrzahl von Zähnen (900) mit der zweiten Mehr-
zahl von Zähnen (902) ineinandergreift, um die Welle
(130) an der Bogenfläche (136) anzubringen.

11. Betätigungsvorrichtung nach Anspruch 1 bis 7, die

ferner ein Kabel (606), das ein erstes Ende und ein
zweites Ende (610) umfasst, wobei die Welle (130)
unter Verwendung des Kabels (606), das an dem
ersten Ende an dem Antrieb (128, 128b, 128c, 128d)
angebracht ist, entlang eines ersten Abschnitts der
Bogenfläche (136) verläuft, um einen ersten Ab-
schnitt der Welle (130) geschlungen ist und an dem
zweiten Ende (610) an der Welle (130) angebracht
ist, an der Bogenfläche (136) angebracht ist; und ein
zweites Kabel (608), das ein drittes Ende und ein
viertes Ende (612) umfasst, wobei die Welle (130)
ferner unter Verwendung des zweiten Kabels (608),
das an dem dritten Ende an dem Verschiebungsglied
(112, 112b, 112c) angebracht ist, entlang eines zwei-
ten Abschnitts der Bogenfläche (136) verläuft, um
einen zweiten Abschnitt der Welle (130) geschlun-
gen ist und an dem vierten Ende (612) an der Welle
(130) angebracht ist, an der Bogenfläche (136) an-
gebracht ist, umfasst.

12. Betätigungsvorrichtung nach Anspruch 11, wobei
das dritte Ende des zweiten Kabels über eine Feder
(2000) an dem Verschiebungsglied (112, 112b,
112c) angebracht ist.

13. Betätigungsvorrichtung nach Anspruch 1 bis 7, wo-
bei die Welle (130) eine erste Reibfläche umfasst
und die Bogen-fläche (136) eine zweite Reibfläche
umfasst, wobei die Welle (130) unter Verwendung
einer Reibungskraft zwischen der ersten Reibfläche
und der zweiten Reibfläche an der Bogenfläche
(136) angebracht ist.

14. Betätigungsvorrichtung nach Anspruch 1 bis 7, die
ferner einen Riemen umfasst, der an der Welle (130)
und an dem Antrieb (128, 128b, 128c, 128d) ange-
bracht ist, wobei die Welle (130) unter Verwendung
des Riemens an der Bogenfläche (136) angebracht
ist.

15. Betätigungsvorrichtung nach Anspruch 1 bis 14, wo-
bei die Länge des ersten Glieds (110, 110b, 110c),
gemessen zwischen den Mitten des ersten Gelenks
(118) und des dritten Gelenks (124), näherungswei-
se gleich einer Entfernung, gemessen zwischen ei-
ner Mitte der Welle (130) und einer Mitte eines Krei-
ses (202), an dem die Bogenfläche (136) einen Teil
des Umfangs bildet, ist.

Revendications

1. Dispositif d’actionnement comprenant :

une liaison de base (108, 108b, 108c) compre-
nant une plaque de base (116, 116b), une pre-
mière articulation (118) et une deuxième articu-
lation (120), dans lequel la plaque de base (116,
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116b) s’étend entre la première articulation
(118) et la deuxième articulation (120) ;
une première liaison (110, 110b, 110c) montée
sur la première articulation (118) pour permettre
la rotation de la première liaison (110, 110b,
110c) par rapport à la plaque de base (116,
116b) au niveau de la première articulation
(118) ;
une deuxième liaison (114, 114b, 114c) montée
sur la deuxième articulation (120) pour permet-
tre la rotation de la deuxième liaison (114, 114b,
114c) par rapport à la plaque de base (116,
116b) au niveau de la deuxième articulation
(120) ;
une liaison de translation (112, 112b, 112c)
comprenant une plaque de translation (122,
122b), une troisième articulation (124) et une
quatrième articulation (126), dans lequel la pla-
que de translation (122, 122b) s’étend entre la
troisième articulation (124) et la quatrième arti-
culation (126), dans lequel la première liaison
(110, 110b, 110c) est en outre montée sur la
troisième articulation (124) pour permettre la ro-
tation de la première liaison (110, 110b, 110c)
par rapport à la plaque de translation (122, 122b)
au niveau de la troisième articulation (124), et
dans lequel la deuxième liaison (114, 114b,
114c) est en outre montée sur la quatrième ar-
ticulation (126) pour permettre la rotation de la
deuxième liaison (114, 114b, 114c) par rapport
à la plaque de translation (122, 122b) au niveau
de la quatrième articulation (126) ;
un arbre (130) configuré pour se monter sur un
actionneur (106) de sorte que l’actionneur (106)
provoque la rotation de l’arbre (130), dans lequel
une position de l’arbre (130) est fixée par rapport
à la plaque de base (116, 116b) lors de l’opéra-
tion du dispositif d’actionnement ; et
un entraînement (128, 128b, 128c, 128d) com-
prenant une surface d’arc (136), dans lequel
l’entraînement (128, 128b, 128c, 128d) est mon-
té sur la liaison de translation (112, 112b, 112c)
de sorte qu’une position de la surface d’arc (136)
est fixée par rapport à la plaque de translation
(122, 122b) lors de l’opération du dispositif d’ac-
tionnement, et dans lequel l’arbre (130) est en
outre monté sur la surface d’arc (136) pour pro-
voquer la translation de la liaison de translation
(112, 112b, 112c) alors que l’arbre (130) tourne.

2. Dispositif d’actionnement selon la revendication 1,
dans lequel la première liaison (110b, 110c) est cour-
bée.

3. Dispositif d’actionnement selon la revendication 1
ou 2, dans lequel l’entraînement (128, 128b, 128c,
128d) est monté pour s’étendre depuis la plaque de
translation (122).

4. Dispositif d’actionnement selon la revendication 1,
2 ou 3, comprenant en outre l’actionneur (106), dans
lequel l’arbre (130) est monté sur l’actionneur (106).

5. Dispositif d’actionnement selon les revendications 1
à 4, comprenant en outre un logement (1001) com-
prenant la plaque de base (116b) et une paroi (1008)
montée sur la plaque de base (116b) et s’étendant
depuis la plaque de base (116b) dans une direction
vers la plaque de translation (122b), dans lequel la
paroi (1008) comprend une surface de support d’ac-
tionneur (1009) configurée pour supporter l’action-
neur (106) et pour positionner l’arbre (130) par rap-
port à la surface d’arc (136).

6. Dispositif d’actionnement selon la revendication 1
ou 2, dans lequel la liaison de translation (112c) com-
prend en outre une plaque d’extension (1102) qui
s’étend depuis la quatrième articulation (126) géné-
ralement parallèlement à la plaque de translation
(122b), et dans lequel l’entraînement (128) est en
outre monté pour s’étendre depuis la plaque d’ex-
tension (1102), dans lequel la liaison de base (108c)
comprend en outre une plaque d’extension de base
(1104) qui s’étend depuis la deuxième articulation
(120) généralement parallèlement à la plaque de ba-
se (116b), et dans lequel l’actionneur (106) est en
outre monté sur la plaque d’extension de base
(1104).

7. Dispositif d’actionnement selon les revendications 1
à 5, dans lequel l’arbre (130) est monté au sein d’un
espace défini par la plaque de base (116), la pre-
mière liaison (110, 110b, 110c), la deuxième liaison
(114, 114b, 114c) et la plaque de translation (122).

8. Dispositif d’actionnement selon les revendications 1
à 7, comprenant en outre un câble unique, dans le-
quel l’arbre est monté sur la surface d’arc en utilisant
le câble unique qui se monte sur l’entraînement en
un premier point, s’étend le long d’une première por-
tion de la surface d’arc, s’enroule autour d’au moins
une portion de l’arbre, s’étend le long d’une seconde
portion de la surface d’arc et se monte sur l’entraî-
nement en un second point.

9. Dispositif d’actionnement selon la revendication 8,
dans lequel une extrémité du câble unique (132) se
monte sur la liaison de translation (112, 112b, 112c)
à travers un ressort (2000).

10. Dispositif d’actionnement selon les revendications 1
à 7, dans lequel l’arbre (130) comprend une première
pluralité de dents (900) qui s’étendent depuis une
surface de l’arbre (130) et la surface d’arc (136) com-
prend une seconde pluralité de dents (902) qui
s’étendent depuis la surface d’arc (136), dans lequel
la première pluralité de dents (900) s’engrène avec
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la seconde pluralité de dents (902) pour monter l’ar-
bre (130) sur la surface d’arc (136).

11. Dispositif d’actionnement selon les revendications 1
à 7, comprenant en outre un câble (606) comprenant
une première extrémité et une deuxième extrémité
(610), dans lequel l’arbre (130) est monté sur la sur-
face d’arc (136) en utilisant le câble (606) qui se mon-
te sur l’entraînement (128, 128b, 128c, 128d) à la
première extrémité, s’étend le long d’une première
portion de la surface d’arc (136), s’enroule autour
d’une première portion de l’arbre (130) et se monte
sur l’arbre (130) à la deuxième extrémité (610) ; et
un second câble (608) comprenant une troisième
extrémité et une quatrième extrémité (612), dans le-
quel l’arbre (130) est en outre monté sur la surface
d’arc (136) en utilisant le second câble (608) qui se
monte sur la liaison de translation (112, 112b, 112c)
à la troisième extrémité, s’étend le long d’une secon-
de portion de la surface d’arc (136), s’enroule autour
d’une seconde portion de l’arbre (130) et se monte
sur l’arbre (130) à la quatrième extrémité (612).

12. Dispositif d’actionnement selon la revendication 11,
dans lequel la troisième extrémité du second câble
se monte sur la liaison de translation (112, 112b,
112c) à travers un ressort (2000).

13. Dispositif d’actionnement selon les revendications 1
à 7, dans lequel l’arbre (130) comprend une première
surface de friction et la surface d’arc (136) comprend
une seconde surface de friction, dans lequel l’arbre
(130) est monté sur la surface d’arc (136) en utilisant
une force de friction entre la première surface de
friction et la seconde surface de friction.

14. Dispositif d’actionnement selon les revendications 1
à 7, comprenant en outre une courroie montée sur
l’arbre (130) et sur l’entraînement (128, 128b, 128c,
128d), dans lequel l’arbre (130) est monté sur la sur-
face d’arc (136) en utilisant la courroie.

15. Dispositif d’actionnement selon les revendications 1
à 14, dans lequel une longueur de la première liaison
(110, 110b, 110c) mesurée entre des centres de la
première articulation (118) et de la troisième articu-
lation (124) est approximativement égale à une dis-
tance mesurée entre un centre de l’arbre (130) et un
centre d’un cercle (202) sur lequel la surface d’arc
(136) forme une partie de la circonférence.
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