ROBOTIC ARM ASSEMBLY

FIELD
[0001] The present subject matter relates generally to an attachment assembly of a
robotic arm, an actuator pack of the robotic arm assembly, and a robotic arm assembly

including a robotic arm and an actuator pack.

BACKGROUND
[0002] Robotic arm assemblies are useful throughout various industries for
performing operations at, e.g., remote locations, hazardous locations, etc. At least
certain robotic arm assemblies include a robotic arm formed of a plurality of links
joined together at respective joints. Additionally, a plurality of control wires may
extend through the robotic arm, with each wire terminating at an individual link for
moving such link relative to an aft-adjacent link. The control wires may be coupled to
one or more motors within a base of the robotic arm assembly, such that the robotic
arm assembly may control a movement of the robotic arm by increasing and/or
decreasing tension on the plurality of control wires.
[0003] Specifically, robotic arm assemblies typically include linear motors for
coupling to each of the control wires of the robotic arm to increase or decrease a
tension on the control wires. For example, the control wire may include a crimp at one
end, and the linear motor may include an arm which may be coupled to the crimp. The
arm may then be extended by the linear motor, or retracted by the linear motor, to
increase or decrease the tension on the control wire.
[0004] However, with such a configuration, the arm of each linear motor must be
manually coupled to each control wire (or rather, to the crimp of each control wire),
and further one or more tools are typically required for making such connection.
Accordingly, a robotic arm assembly capable of connecting a robotic arm to a base
without requiring a plurality of tools to make such connection would be useful.
Further, a robotic arm assembly capable of connecting a robotic arm to a base while

minimizing the amount of connections that must be made would also be useful.



BRIEF DESCRIPTION
[0005] Aspects and advantages of the invention will be set forth in part in the
following description, or may be obvious from the description, or may be learned
through practice of the invention.
[0006] In one exemplary aspect of the present disclosure, a robotic arm assembly
is provided. The robotic arm assembly includes a robotic arm including a link, a
control rope operable with the link, and an attachment section, the control rope
extending at least partially through the attachment section; and an actuator pack
attached to, or positioned adjacent to, the attachment section of the robotic arm, the
actuator pack including an actuator, the actuator operable with the control rope and
including a motor defining a pivot axis, the motor configured to move about the pivot
axis to displace the control rope.
[0007] In certain exemplary embodiments the actuator further includes an actuator
arm operable with the control rope, wherein the motor is configured to rotate the
actuator arm about the pivot axis such that the actuator arm displaces the control rope.
[0008] For example, in certain exemplary embodiments the actuator arm of the
actuator includes an extension and an interface member, wherein the extension
extends between a first end and a second end, wherein the first end of the extension is
coupled to the motor and the second end of the extension is coupled to the interface
member, wherein the interface member is configured to contact the control rope.
[0009] For example, in certain exemplary embodiments the actuator arm of the
actuator is configured to move the control rope from a baseline position to a displaced
position, wherein the control rope extends in a substantially linear direction when in
the baseline position, and wherein the actuator arm of the actuator is configured to
move at least a section of the control rope in a direction perpendicular to the
substantially linear direction when moving the control rope to the displaced position.
[0010] For example, in certain exemplary embodiments the robotic arm further
includes a first stationary roller and a second stationary roller each operable with the
control rope, and wherein the actuator arm is operable to displace the control rope at a
location between the first stationary roller and the second stationary roller.
[0011] In certain exemplary embodiments the robotic arm further includes a

tension release, wherein the control rope is attached to the tension release.



[0012] For example, in certain exemplary embodiments the tension release
includes a trigger operable to reduce a tension on the control rope when the tension on
the control rope exceeds a predetermined threshold.

[0013] For example, in certain exemplary embodiments the trigger is configured
as a magnetic connection, a mechanical fuse, or both.

[0014] For example, in certain exemplary embodiments the tension release
includes a roller and a biasing member and defines a tension release axis, wherein the
control rope is attached to the roller, and wherein the biasing member biases the roller
in a first circumferential direction about the tension release axis.

[0015] For example, in certain exemplary embodiments the displacement of the
control rope by the actuator moves the roller in a second circumferential direction
about the tension release axis, and wherein the second circumferential direction is
opposite the first circumferential direction.

[0016] For example, in certain exemplary embodiments the roller of the tension
release includes a feature, wherein the tension release further includes a trigger
configured to engage the feature of the roller when the roller is moved in the second
circumferential direction, and wherein the feature of the roller is configured to
overcome the trigger when a tension on the control rope the above a predetermined
threshold.

[0017] In certain exemplary embodiments the link of the robotic arm is a first link
of a plurality of links, wherein the control rope of the robotic arm is a first control
rope of a plurality of control ropes of the robotic arm, wherein each of the plurality of
control ropes extends at least partially through the attachment section of the robotic
arm and is operable with at least one of the plurality of links of the robotic arm,
wherein the actuator of the actuator pack is a first actuator of a plurality of actuators,
and wherein each actuator of the plurality of actuators includes a motor configured to
move about its respective pivot axis to displace one of the plurality of control ropes.
[0018] In another exemplary aspect of the present disclosure, a robotic arm for a
robotic arm assembly is provided. The robotic arm includes a plurality of links
sequentially arranged; a plurality of control ropes operable with the plurality of links,
the plurality of control ropes including a first control rope; and an attachment section

including a tension release, the first control rope extending at least partially through



the attachment section and coupled to the tension release, the tension release
including a trigger operable to reduce a tension on the first control rope when the
tension on the first control rope exceeds a predetermined threshold.

[0019] In certain exemplary embodiments the tension release includes a roller and
a biasing member and defines a tension release axis, wherein the control rope is
attached to the roller, and wherein the biasing member biases the roller in a first
circumferential direction about the tension release axis.

[0020] For example, in certain exemplary embodiments a displacement of the
control rope moves the roller in a second circumferential direction about the tension
release axis, wherein the second circumferential direction is opposite the first
circumferential direction, wherein the roller of the tension release includes a feature,
and wherein the tension release further includes a trigger configured to engage the
feature of the roller when the roller is moved in the second circumferential direction.
[0021] For example, in certain exemplary embodiments the feature of the roller is
configured to overcome the trigger when a tension on the control rope is above a
predetermined threshold.

[0022] In certain exemplary embodiments the trigger is configured as a magnetic
connection, a mechanical fuse, or both.

[0023] In another exemplary aspect of the present disclosure, an actuator pack for
a robotic arm assembly is provided. The robotic arm assembly further including a
robotic arm having a plurality of links sequentially arranged, a plurality of control
ropes operable with the plurality of links, and an attachment section with the plurality
of control ropes extending therethrough. The actuator pack including an attachment
section including a plurality of actuators, the plurality of actuators including a first
actuator operable with the control rope when the attachment section of the actuator
pack is coupled to, or positioned adjacent to, the attachment section of the robotic arm
assembly, the first actuator having a motor defining a pivot axis and being operable to
move about its pivot axis to displace one of the plurality of control ropes.

[0024] In certain exemplary embodiments the first actuator includes an actuator
arm moveable by the motor about the pivot axis of the motor, wherein the actuator
arm of the first actuator includes an extension and an interface member, wherein the

extension extends between a first end and a second end, wherein the first end of the
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extension is coupled to the motor and the second end of the extension is coupled to
the interface member, wherein the interface member is configured to contact the
control rope.

[0025] In certain exemplary embodiments the motor is a rotary motor.

[0026] These and other features, aspects and advantages of the present invention
will become better understood with reference to the following description and
appended claims. The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments of the invention and,

together with the description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] A full and enabling disclosure of the present invention, including the best
mode thereof, directed to one of ordinary skill in the art, is set forth in the
specification, which makes reference to the appended figures, in which:
[0028] Fig. 1 is a schematic, cross-sectional view of a robotic arm assembly in
accordance with an exemplary embodiment of the present disclosure.
[0029] Fig. 2 is a close-up, schematic view of an attachment section of a robotic
arm and actuator pack in accordance with an exemplary embodiment of the present
disclosure.
[0030] Fig. 3 is a schematic view of an actuator of an actuator pack and an
attachment section of a robotic arm in accordance with an exemplary embodiment of
the present disclosure.
[0031] Fig. 4 is another schematic view of the exemplary actuator of the actuator
pack and attachment section of the robotic arm of Fig. 3.
[0032] Fig. 5 is a schematic view of an actuator of an actuator pack and an
attachment section of a robotic arm in accordance with another exemplary
embodiment of the present disclosure.
[0033] Fig. 6 is another schematic view of the exemplary actuator of the actuator
pack and attachment section of the robotic arm of Fig. 5.
[0034] Fig. 7 is a schematic view of an actuator of an actuator pack and an
attachment section of a robotic arm in accordance with yet another exemplary

embodiment of the present disclosure.



[0035] Fig. 8 is another schematic view of the exemplary actuator of the actuator
pack and attachment section of the robotic arm of Fig. 7.

[0036] Fig. 9 is close-up, perspective, schematic view of a tension release of an
attachment section of a robotic arm in accordance with an embodiment of the present
disclosure.

[0037] Fig. 10 is another close-up, perspective, schematic view of the exemplary
tension release of Fig. 9.

[0038] Fig. 11 is a schematic view of a tension release of an attachment section of
a robotic arm in accordance with another exemplary embodiment of the present
disclosure.

[0039] Fig. 12 is a schematic view of a tension release of an attachment section of
a robotic arm in accordance with yet another exemplary embodiment of the present

disclosure.

DETAILED DESCRIPTION
[0040] Reference will now be made in detail to present embodiments of the
invention, one or more examples of which are illustrated in the accompanying
drawings. The detailed description uses numerical and letter designations to refer to
features in the drawings. Like or similar designations in the drawings and description
have been used to refer to like or similar parts of the invention.
[0041] As used herein, the terms “first”, “second”, and “third” may be used
interchangeably to distinguish one component from another and are not intended to
signify location or importance of the individual components.
[0042] The terms “forward” and “aft” refer to relative positions within a
component or system, and refer to the normal operational attitude of the component or
system. For example, with regard to a robotic arm, forward refers to a position closer
to a distal end of the robotic arm and aft refers to a position closer to a root end of the
robotic arm.
[0043] The terms “coupled,” “fixed,” “attached to,” and the like refer to both
direct coupling, fixing, or attaching, as well as indirect coupling, fixing, or attaching
through one or more intermediate components or features, unless otherwise specified

herein.



[0044] The singular forms “a”, “an”, and “the” include plural references unless
the context clearly dictates otherwise.

[0045] Approximating language, as used herein throughout the specification and
claims, is applied to modify any quantitative representation that could permissibly
vary without resulting in a change in the basic function to which it is related.
Accordingly, a value modified by a term or terms, such as “about”, “approximately”,
and “substantially”, are not to be limited to the precise value specified. In at least
some instances, the approximating language may correspond to the precision of an
instrument for measuring the value, or the precision of the methods or machines for
constructing or manufacturing the components and/or systems. For example, the
approximating language may refer to being within a 10 percent margin.

[0046] Here and throughout the specification and claims, range limitations are
combined and interchanged, such ranges are identified and include all the sub-ranges
contained therein unless context or language indicates otherwise. For example, all
ranges disclosed herein are inclusive of the endpoints, and the endpoints are
independently combinable with each other.

[0047] Referring now to the drawings, wherein identical numerals indicate the
same elements throughout the Figs., Fig. 1 is a schematic view of a robotic arm
assembly 100 in accordance with an exemplary embodiment of the present disclosure.
The exemplary robotic arm assembly 100 depicted generally includes a base 102, a
robotic arm 104, and a utility member 106. The base 102 generally includes an
actuator pack 108 and a controller 110. The controller 110 is operably coupled to the
actuator pack 108 for controlling operation of the robotic arm assembly 100.
Additionally, the controller 110 may be operably coupled to the utility member 106
and/or one or more sensors (not shown) attached to or embedded in the robotic arm
104 and/or utility member 106. Further, the robotic arm 104 extends generally
between a root end 112 and a distal end 114. As will be explained in greater detail
below, the robotic arm 104 includes an attachment section 116 at the root end 112,
with the attachment section 116, for the embodiment depicted, attached to the actuator
pack 108 of the base 102. Additionally, the robotic arm 104 includes the utility
member 106 at the distal end 114.



[0048] Moreover, the robotic arm 104 of the exemplary robotic arm assembly 100
depicted is generally formed of a plurality of links 118 and a plurality of joints 120,
with the plurality of links 118 sequentially arranged and movably coupled to one
another with the plurality of joints 120. A first link 118A of the plurality of links 118
is coupled to the attachment section 116 of the robotic arm 104 for the embodiment
depicted.

[0049] Referring now also to Fig. 2, a close-up, schematic view is provided of the
attachment section 116 of the robotic arm 104 positioned over the actuator pack 108
of the base 102 of the exemplary robotic arm assembly 100 of Fig. 1. It will be
appreciated that the robotic arm 104 generally includes a control rope 122 operable
with at least one link 118 of the plurality of links 118 of the robotic arm 104, with the
control rope 122 extending at least partially through the attachment section 116.
Further, the actuator pack 108 of the base 102 is attached to, or positioned adjacent to,
the attachment section 116 of the robotic arm 104, with the actuator pack 108
including an actuator 124. More specifically, for the embodiment depicted, the control
rope 122 is a first control rope 122A of a plurality of control ropes 122 of the robotic
arm 104 and the actuator 124 is a first actuator 124 A of a plurality of actuators 124 of
the actuator pack 108. More specifically, still, for the embodiment depicted, the
actuator pack 108 includes a dedicated actuator 124 for each of the plurality of control
ropes 122 of the robotic arm 104 (i.e., nine actuators 124 for the nine control ropes
122 depicted).

[0050] It will be appreciated, that as used herein, the term “operable” with respect
to a control rope 122 and a link 118 refers to the control rope 122 being capable of
controlling some aspect of the link’s 118 movement. For example, the control rope
122 may be coupled to the link 118 such that it may move the link 118 relative to an
aft-adjacent link 118 by increasing or decreasing its tension. Further, it will be
appreciated that as used herein, the term “positioned adjacent to” with reference to the
actuator pack 108 and the attachment section 116 refers to the actuator pack 108 and
attachment section 116 being close enough such that one or more actuators 124 of the
actuator pack 108 may physically contact, or otherwise physically interact with, the

control rope(s) 122 extending through the attachment section 116.



[0051] Referring still to the embodiment depicted, the control ropes 122 each
include a first end 126 fixedly coupled within the attachment section 116, with each
control rope 122 extending through a bracket 128 of the attachment section 116 to the
first link 118A of the plurality of links 118 of the robotic arm 104. From there, each
of the control ropes 122 extends through one or more links 118 of the plurality of
links 118 (as is indicated by the control ropes 122 being depicted in phantom
extending through the first link 118A). The actuators 124 may increase or decrease a
tension on each of the control ropes 122, as will be explained in greater detail below,
to control operation of the plurality of links 118 of the robotic arm 104.

[0052] It will be appreciated, however, that although nine individual control ropes
122 and actuators 124 are provided for the embodiment depicted, in other exemplary
embodiments, any other suitable number of control ropes 122 and actuators 124 may
be included. For example, in other embodiments, the robotic arm 104 may include
between two (2) and two thousand (2,000) control ropes 122 (or more) and the
actuator pack 108 may similarly include between two (2) and two thousand (2,000)
actuators 124 (or more). Additionally, although the plurality of actuators 124 within
the actuator pack 108 is arranged in a staggered manner, in other embodiments, the
plurality of actuators may be arranged in any other suitable manner.

[0053] Referring particularly to Figs. 3 and 4, a side, schematic view of a control
rope 122 of a robotic arm 104 and an actuator 124 of an actuator pack 108 in
accordance with an exemplary embodiment of the present disclosure is depicted. The
exemplary robotic arm 104 and actuator pack 108 depicted in Figs. 3 and 4 may be
configured in substantially the same manner as the exemplary robotic arm 104 and
actuator pack 108 described above with reference to Figs. 1 and 2. Thus, the control
rope 122 may be one of the plurality of control ropes 122 depicted, and the actuator
124 may be one of the plurality of actuators 124 depicted. However, in other
embodiments, the robotic arm 104 and actuator 124 of Figs. 3 and 4 may be
configured in any other suitable manner.

[0054] In such a manner, it will be appreciated that the robotic arm 104 further
includes a link 118, such as a first link 118A, and an attachment section 116, with the
control rope 122 extending at least partially therethrough. Further, for the

embodiment of Figs. 3 and 4, the exemplary actuator 124 includes a motor 128 and



actuator arm 130, the motor 128 defining a pivot axis 132. The actuator arm 130 is
operable with the control rope 122 of the robotic arm 104, and more specifically, the
motor 128 is configured to move the actuator arm 130 about the pivot axis 132 of the
motor 128 to displace the control rope 122 of the robotic arm 104. Briefly, it will be
appreciated that the actuator pack 108 is attached to, or positioned adjacent to, the
attachment section 116 of the robotic arm 104. More specifically, for the embodiment
depicted, the actuator pack 108 is attached to the attachment section 116 of the robotic
arm 104.

[0055] Referring still to the embodiment of Figs. 3 and 4, as noted, the motor 128
of the actuator 124 is configured to move the actuator arm 130 to displace the control
rope 122 of the robotic arm by rotating the control arm 130 in a first circumferential
direction C1 relative to the pivot axis 132 of the motor 128. This movement of the
actuator arm 130 in the first circumferential direction C1 is depicted in Fig. 4.
Notably, the motor 128 may further be configured to maintain the control arm 130 at a
particular circumferential position relative to the pivot axis 132 and/or to move the
control arm 130 in a second circumferential direction C2 (opposite the first
circumferential direction C1) to reduce a displacement of the control rope 122 (i.e.,
from the position depicted in Fig. 4 back to the position depicted in Fig. 3, or any
position therebetween). In such a manner, it will be appreciated that for the
embodiment depicted, the motor 128 is configured as a rotary motor. However, in
other embodiments, any other suitable motor or motor assembly may be utilized to
pivot the actuator arm 130 in the manner described herein.

[0056] More particularly, for the embodiment depicted, the actuator arm 130 of
the actuator 124 is configured to move the control rope 122 from a baseline position,
as is depicted in Fig. 3, to a displaced position, as is depicted in Fig. 4. When in the
baseline position, the control rope 122 extends in a substantially linear direction
through the attachment section 116. The actuator arm 130 is configured to move at
least a section of the control rope 122 at least partially in a direction perpendicular to
the substantially linear direction when moving the control rope 122 to the displaced
position. In such a manner, it will be appreciated that moving the control rope 122
from the baseline position (Fig. 3) to the displaced position (Fig. 4) by rotating the

actuator arm 130 with the motor 128 in the first circumferential direction C1 may
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effectively pull on the control rope 122 relative to the first link 118, as is indicated by
the arrow 134 in Fig. 4. Such may therefore increase a tension of the control rope 122
to control one or more of the plurality of links 118 of the robotic arm 104 in a desired
manner.

[0057] It will be appreciated, of course, that the baseline position depicted in Fig.
4 is one exemplary “displaced” position for the actuator arm 130 and for the control
rope 122 depicted. In other exemplary embodiments, the actuator 124 may be
operable to displace the control rope 122 to any other suitable number of “displaced”
positions to provide relatively precise control options for the particular link 118 of the
plurality of links 118 controlled by the exemplary control rope 122 depicted.

[0058] For the particular embodiment depicted, it also will be appreciated that the
actuator arm 130 of the actuator 124 generally includes an extension 136 and an
interface member to perform such functionality. As is depicted, the exemplary
extension 136 extends between a first end and a second end (not labeled). The first
end of the extension 136 is coupled to the motor 128 and the second end of the
extension 136 is coupled to the interface member. For the embodiment shown, the
interface member is configured as an actuator roller 138, with the extension 136
rotatably coupled thereto. The actuator roller 138 is, in turn, operable with the control
rope 122. When the motor 128 moves the actuator arm 130 about the pivot axis 132,
the roller 138 may rotate about the second end of the extension 136 to reduce an
amount of friction that may otherwise be generated between the actuator arm 130 and
the control rope 122. Although not depicted, the roller 138 may include a groove or
other indentation for receiving the control rope 122.

[0059] It will be appreciated, however, that the exemplary actuator 124 depicted
is provided by way of example only. In other exemplary embodiments, any other
suitable actuator 124 may be utilized. For example, in other embodiments, the
actuator arm 130 may have any other suitable configuration for interfacing with the
control rope 122. For example, in other embodiments, the interface member may not
be configured as an actuator roller 138, and instead may be configured as, e.g., a
relatively smooth bar or curved surface attached to, or integrated into, the extension

136 of the actuator arm 130.
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[0060] Moreover, in other exemplary embodiments, any other suitable robotic
arm 104, and particularly, attachment section 116 of a robotic arm 104 may be
provided. For example, referring now to Figs. 5 and 6, a side, schematic view of a
control rope 122 of a robotic arm 104 and an actuator 124 of an actuator pack 108 in
accordance with another exemplary embodiment of the present disclosure is depicted.
The exemplary robotic arm 104 and actuator pack 108 depicted in Figs. 5 and 6 may
be configured in substantially the same manner as the exemplary robotic arm 104 and
actuator pack 108 described above with reference to Figs. 3 and 4. In such a manner,
it will be appreciated that the robotic arm 104 additionally includes a link 118, such as
a first link 118A, and an attachment section 116, with the control rope 122 extending
at least partially therethrough. Further, for the embodiment depicted the actuator pack
108 includes a motor 128 and an actuator arm 130, with the motor 128 defining a
pivot axis 132. The actuator arm 130 is operable with the control rope 122 of the
robotic arm 104, and more specifically, the motor 128 is configured to move the
actuator arm 130 about the pivot axis 132 (e.g., in a first circumferential direction C1
about the pivot axis 132) of the motor 128 to displace the control rope 122 of the
robotic arm 104.

[0061] However, for the embodiment depicted, the attachment section 116 of the
robotic arm 104 of the robotic arm assembly 100 further includes structure, or rather
stationary features, to increase a displacement of the control rope 122 for a given
angular movement of the actuator arm 130. More specifically, for the embodiment
depicted, the robotic arm 104 further includes a stationary roller operable with the
control rope 122, with the actuator arm 130 of the actuator pack 108 configured to
move the control rope 122 relative to the stationary roller. More specifically, for the
embodiment depicted, the stationary roller is a first stationary roller 140 and the
robotic arm 104 further includes a second stationary roller 142. For the embodiment
depicted, the actuator arm 130 is configured to displace the control rope 122 at a
location between the first stationary roller 140 and the second stationary roller 142.
More specifically, for the embodiment depicted, the roller 138 of the actuator arm 130
is configured to extend about the pivot axis 132 of the motor 128, through the first
stationary roller 140 and the second stationary roller 142, as indicated by the arrow

indicating the first circumferential direction C1. Such may create an increased amount
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of movement of the control rope 122 for a given angular motion of the actuator arm
130 of the actuator 124 about the pivot axis 132 of the motor 128.

[0062] Notably, for the embodiment depicted, each of the first stationary roller
140 and second stationary roller 142 are configured to rotate about their respective
local axes 144, 146, respectively. In such a manner, it will be appreciated that the first
stationary roller 140 and second stationary roller 142 are rotatably mounted within the
attachment section 116 of the robotic arm 104. However, in other exemplary
embodiments, one or both of the first stationary roller 140 and second stationary roller
142 may be fixedly mounted within the attachment section 116 of the robotic arm
104. With such an exemplary embodiment, first stationary roller 140 or second
stationary roller 142 may define a reduced radius, such that less surface area is
contacting the control rope 122, to reduce a friction drag on the control rope 122
during operation.

[0063] Moreover, it will be that in still other exemplary embodiments, any other
suitable stationary features may be provided for increasing a movement of the control
rope 122 for a given angular movement of the actuator arm 130. For example, in other
embodiments, the attachment section 116 of the robotic arm 104 may only include
one of the first stationary roller 140 or second stationary roller 142. Additionally, or
alternatively, other suitable control rope interfaces may be included within the
attachment section 116 of the robotic arm 104 in place of one or both of the first
stationary roller 140 or second stationary roller 142 to provide a similar functionality.
The control rope interfaces may have any other suitable shape or configuration for
performing the functions described above. For example, in other embodiments, one or
both of these control rope interfaces may be configured as a relatively smooth surface
preventing a displacement of the control rope 122 relative to the actuator arm 130 of
the actuator 124, as a relatively smooth bar, etc.

[0064] Further, it will be appreciated that for the embodiment depicted, the first
end 126 of the control rope 122 is fixedly attached within the attachment section 116
the robotic arm 104. However, in other embodiments, the control rope 122 may be
mounted in a manner to allow for, e.g., an emergency release of tension on the control
rope 122 in the event that the robotic arm 104 of the robotic arm assembly 100 is

overloaded.
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[0065] For example, referring now to Figs. 7 and 8, a side, schematic view of a
control rope 122 of a robotic arm 104 and an actuator 124 of an actuator pack 108 in
accordance with another exemplary embodiment of the present disclosure is depicted.
The exemplary robotic arm 104 and actuator pack 108 depicted in Figs. 7 and 8 may
be configured in substantially the same manner as the exemplary robotic arm 104 and
actuator pack 108 described above with reference to Figs. 5 and 6. In such a manner,
it will be appreciated that the robotic arm 104 further includes a link 118, such as a
first link 118A, and an attachment section 116, with the control rope 122 extending at
least partially therethrough. Further, the actuator pack 108 includes an actuator 124
having a motor 128 and actuator arm 130, the motor 128 defining a pivot axis 132.
The actuator arm 130 is operable with the control rope 122 of the robotic arm 104,
and more specifically, the motor 128 is configured to move the actuator arm 130
about the pivot axis 132 of the motor 128 to displace the control rope 122 of the
robotic arm 104.

[0066] However, for the embodiment of Fig. 7 and 8, the robotic arm 104 further
includes a tension release 148 positioned within the attachment section 116 of the
robotic arm 104, with the control rope 122 being attached to the tension release 148.
Notably, for the embodiment depicted, the actuator 124 of the actuator pack 108 is
operable with the control rope 122 at a location between the first link 118A of the
robotic arm 104 and the tension release 148 of the robotic arm 104. For example, in at
least certain exemplary embodiments, a first end 126 (not labeled) of the control rope
122 may be attached to the tension release 148. However, in other exemplary
embodiments, the tension release 148 may instead be positioned between the first link
118A and the location where the actuator 124 is operable with the control rope 122.
[0067] For the embodiment depicted, the tension release 148 generally includes a
main roller 150 and a biasing member 152, and further generally defines a tension
release axis 154. The biasing member 152 biases the main roller 150 in a first
circumferential direction C’1 about the tension release axis 154, which for the
embodiment depicted in Figs. 7 and 8 is a counterclockwise direction. Notably, Fig. 7
depicts the control rope 122 of the robotic arm 104 being positioned in a baseline
position. The biasing member 152 may maintain the control rope 122 in the baseline

position when the actuator arm 130 of the actuator 124 is not displacing the control
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rope 122 and/or in the absence of the actuator 124. Additionally, Fig. 8 depicts the
control rope 122 in a starting position. In the starting position, the actuator 124 of the
actuator pack 108 has displaced the control rope 122 a minimal amount, overcoming
the biasing force of the biasing member 152 of the tension release 148, without
substantially moving the control rope 122 relative to the plurality of links 118. More
particularly, it will be appreciated that the displacement of the control rope 122 by the
actuator arm 130 of the actuator 124 when the control rope is moved to the starting
position moves the main roller 150 in a second circumferential direction C’2 about the
tension release axis 154, with the second circumferential direction C’2 being opposite
the first circumferential direction C’1, and more particularly being a clockwise
direction for the exemplary view and embodiment depicted.

[0068] As is also depicted, for the embodiment shown, the main roller 150 of the
tension release 148 includes a feature 156 and the tension release 148 further includes
a trigger 158 configured to engage the feature 156 of the main roller 150 when the
main roller 150 is moved in the first circumferential direction C’1, and more
specifically, when the control rope 122 is moved from the baseline position to the
starting position (and past the starting position to an engaged position; see, e.g., Figs.
4,5, 6). In such a manner, it will be appreciated that the trigger 158 is operable to
reduce a tension on the control rope 122 when the tension on the control rope 122
exceeds a predetermined threshold.

[0069] More specifically, for the embodiment shown, the trigger 158 includes a
trigger base 160, a shaft 162, and a trigger roller 164. The trigger roller 164 is
rotatably coupled to a distal end of the shaft 162, and the base 160 includes a trigger
biasing member 166 configured to press the shaft 162 and trigger roller 164 into the
main roller 150 of the tension release 148. For the embodiment depicted, the trigger
biasing member 166 is configured as a spring. However in other embodiments, the
trigger biasing member 166 may additionally, or alternatively, be any suitable
hydraulic, pneumatic, or other pressure source for creating a desired biasing force for
the trigger 158.

[0070] Moreover, for the embodiment shown, the feature 156 of the main roller
150 of the tension release 148 is a protrusion on the main roller 150, and the trigger

158 creates a friction with the protrusion to prevent, or frustrate, rotation of the main
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roller 150 of the tension release 148 in the second circumferential direction C’2 of the
main roller 150, and more specifically, of the protrusion past the trigger 158.
However, in the event the link 118 of the robotic arm 104 being controlled by the
control rope 122 is exposed to a force in excess of its designed capability (or some
other predetermined value), a tension on the control rope 122 may exceed a
predetermined threshold. With the depicted configuration, the feature 156 of the main
roller 150 is configured to overcome the biasing force of the trigger 158 when the
tension on the control rope 122 is above this predetermined threshold. In certain
embodiments, the force may be due to contacting a stationary object in an
environment through which the robotic arm 104 is extending, a failure of a component
within the environment within which the robotic arm 104 is extending, etc.

[0071] Referring now to Figs. 9 and 10 the function of the tension release 148 will
be described in greater detail. Figs. 9 and 10 depict a perspective view of a tension
release 148 in accordance with the present disclosure. More specifically, the
exemplary tension release 148 of Figs. 9 and 10 is configured in substantially the
same manner as exemplary tension release 148 described above with reference to
Figs. 7 and 8.

[0072] As is depicted, the tension release 148, in addition to the main roller 150,
includes a shaft 168. The shaft 168 is fitted with the biasing member 152, which for
the embodiment depicted is a spring. However, in other embodiments, any other
suitable biasing member 152 may be utilized. For example, in other embodiments, the
biasing member 152 may be any one of a suitable pneumatic, hydraulic, or other
biasing member 152. The biasing member 152 is configured to apply a biasing
circumferential force on the shaft 168, as well as the main roller 150, in the second
circumferential direction C’2. Tension on the control rope 122 due to, e.g., the
actuator arm 130 of the actuator 124 and/or a load on one or more of the plurality of
links 118 of the robotic arm 104, creates a tension force on the control rope 122,
which in turn applies a working circumferential force on the main roller 150 of the
tension release 148 in the first circumferential direction C’1. The working
circumferential force opposes the biasing circumferential force. Additionally, the
feature 156 on the main roller 150, which for the embodiment shown is a protrusion,

provides additional resistance in the first circumferential direction C’1 for the main
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roller 150 of the tension release 148. However, when the tension on the control rope
122 (indicated by arrow 170) exceeds a predetermined threshold—the predetermined
threshold determined based on a resistance provided by the trigger 158 and the feature
156 of the main roller 150, as well as the biasing force from the biasing member
152—the feature 156 on the main roller 150 of the tension release 148 moves past the
trigger 158. The movement of the feature 156 of the main roller 150 past the trigger
158 allows for the main roller 150 to rotate in the first circumferential direction C’1,
which may provide additional slack to the control rope 122, reducing a tension on the
control rope 122.

[0073] It will be appreciated, however, that in other exemplary embodiments, the
tension release 148 may have any other suitable configuration. For example, in other
exemplary embodiments, the biasing member 152 of the tension release 148 may act
as the trigger 158, such that the tension on the control rope 122 need only exceed a
biasing force applied by the biasing member 152 to increase an amount of slack
provided to the control rope 122, which may therefore decrease an amount of tension
on the control rope 122. Additionally, referring briefly to Figs. 11 and 12, each
providing additional exemplary embodiments of a tension release 148 in accordance
with the present disclosure, in other embodiments, a trigger 158 of the tension release
148 may generally be configured as a connection configured to break at a
predetermined tension threshold. Specifically, referring to Fig. 11, the tension release
148 includes a first member 172 coupled to a first end 126 of the control rope 122 and
a second member 174 fixed in position within the attachment section 116 of the
robotic arm 104. The first member 172 and second member 174 together form the
trigger 158 of the tension release 148. More specifically, for the embodiment
depicted, the trigger 158 is configured as a mechanical fuse 176, and the first member
172 is coupled to the second member 174 through the mechanical fuse 176. The
mechanical fuse 176 is configured to fail when a tension on the control rope 122
exceeds a predetermined threshold.

[0074] Similarly, referring to Fig. 12, the tension release 148 again includes a first
member 172 coupled to the control rope 122 and a second member 174 fixed in
position within the attachment section 116 of the robotic arm 104 and the first

member 172 and second member 174 together form a trigger 158. However, for the

17



embodiment of Fig. 12, the trigger 158 formed by the first member 172 and the
second member 174 of the tension release 148 is configured as a magnetic attachment
178. More specifically, the first member 172 is coupled to the second member 174
through the magnetic attachment 178. For example, the first member 172 includes a
first magnetic or ferromagnetic material 180 and the second member 174 similarly
includes a second magnetic or ferromagnetic material 182. The first magnetic or
ferromagnetic material 180 is configured to interact with the second magnetic or
ferromagnetic material 182. Specifically, for the embodiment depicted, the first
material 180 of the first member 172 includes a first magnet and the second material
182 of the second member 174 includes a ferromagnetic material. When a tension on
the control rope 122 exceeds a predetermined threshold, the magnetic force between
the first and second materials 180, 182 is overcome, slack is given to the control rope
122, and a tension of the control rope 122 is reduced.

[0075] It will be appreciated, however, that in other exemplary embodiments, any
other suitable trigger 158 and/or tension release 148 may be utilized. Additionally, the
inclusion of a tension release in accordance with one or more embodiments of the
present disclosure may reduce the risk of a control rope or other component of a
robotic arm assembly being damaged as a result of an overloading force

[0076] This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they include structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal languages

of the claims.
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WHAT IS CLAIMED IS:

1. A robotic arm assembly comprising:

a robotic arm comprising a link, a control rope operable with the link, and an
attachment section, the control rope extending at least partially through the attachment
section; and

an actuator pack attached to, or positioned adjacent to, the attachment section of the
robotic arm,

wherein the actuator pack includes an actuator,

wherein the actuator is operable with the control rope,

wherein the actuator includes a motor,

wherein the control rope has a baseline position in which the control rope extends in
a straight line between two stationary points or first and second stationary rollers,

wherein the motor is configured to move an extension to displace the control rope
from the baseline position between the two stationary points or the first and second
stationary rollers,

wherein the actuator further includes an actuator arm having the extension that is
operable with the control rope, and

wherein the motor is configured to rotate the actuator arm about a pivot axis such

that the actuator arm displaces the control rope.

2. The robotic arm assembly of claim 1,

wherein the actuator arm of the actuator includes an interface member,

wherein the extension extends between a first end and a second end,

wherein the first end of the extension is coupled to the motor and the second end of
the extension is coupled to the interface member,

wherein the interface member is configured to contact the control rope.

3. The robotic arm assembly of claim 1,

wherein the actuator arm of the actuator is configured to move the control rope from
the baseline position to a displaced position,

wherein the control rope extends in a substantially linear direction when in the
baseline position, and

wherein the actuator arm of the actuator is configured to move at least a section of
the control rope in a direction perpendicular to the substantially linear direction when moving

the control rope to the displaced position.
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4. The robotic arm assembly of claim 1,
wherein the robotic arm further comprises a tension release,

wherein the control rope is attached to the tension release.

5. The robotic arm assembly of claim 4, wherein the tension release includes a trigger
operable to reduce a tension on the control rope when the tension on the control rope

exceeds a predetermined threshold.

6. The robotic arm assembly of claim 5, wherein the trigger is configured as a magnetic

connection, a mechanical fuse, or both.

7. The robotic arm assembly of claim 4,

wherein the tension release includes a roller and a biasing member and defines a
tension release axis,

wherein the control rope is attached to the roller, and

wherein the biasing member biases the roller in a first circumferential direction about

the tension release axis.

8. The robotic arm assembly of claim 7,

wherein the displacement of the control rope by the actuator moves the roller in a
second circumferential direction about the tension release axis, and

wherein the second circumferential direction is opposite the first circumferential

direction.

9. The robotic arm assembly of claim 8,
wherein the roller of the tension release includes a feature,
wherein the tension release further comprises a trigger configured to engage the
feature of the roller when the roller is moved in the second circumferential direction, and
wherein the feature of the roller is configured to overcome the trigger when a tension

on the control rope the above a predetermined threshold.

10. The robotic arm assembly of claim 1,
wherein the link of the robotic arm is a first link of a plurality of links,
wherein the control rope of the robotic arm is a first control rope of a plurality of

control ropes of the robotic arm,
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wherein each of the plurality of control ropes extends at least partially through the
attachment section of the robotic arm and is operable with at least one of the plurality of links
of the robotic arm,

wherein the actuator of the actuator pack is a first actuator of a plurality of actuators,
and

wherein each actuator of the plurality of actuators includes a motor configured to

move an extension to displace one of the plurality of control ropes.

11. A robotic arm for a robotic arm assembly comprising:

a plurality of links sequentially arranged;

a plurality of control ropes operable with the plurality of links, the plurality of control
ropes including a first control rope; and

an attachment section including a tension release,

wherein the first control rope extends at least partially through the attachment section
and is coupled to the tension release,

wherein the tension release includes a trigger operable to reduce a tension on the
first control rope when the tension on the first control rope exceeds a predetermined
threshold.

12. The robotic arm of claim 11,

wherein the tension release includes a roller and a biasing member and defines a
tension release axis,

wherein the control rope is attached to the roller, and

wherein the biasing member biases the roller in a first circumferential direction about

the tension release axis.

13. The robotic arm of claim 12,

wherein a displacement of the control rope moves the roller in a second
circumferential direction about the tension release axis,

wherein the second circumferential direction is opposite the first circumferential
direction,

wherein the roller of the tension release includes a feature, and

wherein the tension release further comprises a trigger configured to engage the

feature of the roller when the roller is moved in the second circumferential direction.

14. The robotic arm of claim 13, wherein the feature of the roller is configured to

overcome the trigger when a tension on the control rope is above a predetermined threshold.
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15. The robotic arm of claim 11, wherein the trigger is configured as a magnetic

connection, a mechanical fuse, or both.

16. An actuator pack for a robotic arm assembly, the robotic arm assembly comprising a
robotic arm having a plurality of links sequentially arranged, a plurality of control ropes
operable with the plurality of links, and an attachment section with the plurality of control
ropes extending therethrough, the actuator pack comprising:

a plurality of actuators,

wherein the plurality of actuators includes a first actuator operable with one of the
control ropes when the actuator pack is coupled to, or positioned adjacent to, the attachment
section of the robotic arm assembly,

wherein the first actuator includes a motor,

wherein the one of the control ropes has a baseline position in which the one of the
control ropes extends in a straight line between two stationary points or first and second
stationary rollers,

wherein the motor is configured to move an extension to displace the one of the
plurality of control ropes from the baseline position between the two stationary points or the
first and second stationary rollers,

wherein the robotic arm further comprises a tension release,

wherein the one of the control ropes is attached to the tension release, and

wherein the tension release includes a trigger operable to reduce a tension on the
one of the control ropes when the tension on the control rope exceeds a predetermined
threshold.

17. The actuator pack of claim 16,

wherein the first actuator includes an actuator arm moveable by the motor about a
pivot axis of the motor,

wherein the actuator arm of the first actuator includes the extension and an interface
member,

wherein the extension extends between a first end and a second end,

wherein the first end of the extension is coupled to the motor and the second end of
the extension is coupled to the interface member,

wherein the interface member is configured to contact the one of the control ropes.

18. The actuator pack of claim 16, wherein the motor is a rotary motor.
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