ROBOTIC ARM ASSEMBLY CONSTRUCTION

FIELD
[0001] The present subject matter relates generally ysi@s and method for
constructing a robotic arm assembly, and more 8pakty a robotic arm of a robotic

arm assembly.

BACKGROUND
[0002] Robotic arm assemblies are useful throughout variedustries for
performing operations at, e.g., remote locatioagahdous locations, etc. At least
certain robotic arm assemblies include a robotic fmrmed of a plurality of links
joined together at respective joints. Additionalyplurality of control wires may
extend through the robotic arm, with each wire teating at an individual link for
moving such link relative to an aft-adjacent liffkhe control wires may be coupled to
one or more motors within a base of the robotic assembly, such that the robotic
arm assembly may control a movement of the rolastit by increasing and/or
decreasing tension on the plurality of control wire
[0003] In order to form such a robotic arm of the robatim assembly, each of
the individual links are typically separately fory@nd individual holes are extruded
or drilled for each of the plurality of control wes. The control wires are then
threaded through the extruded or separately diiitdds in the links. Such a
construction method, however, may make it diffi¢altonstruct relatively long
and/or relatively thin robotic arms. Specificalyith such a construction method, it
may be difficult to form each of the individual k& with a desired density of control
wire holes therein, and further may be difficulthoead the control wires (which may
generally be extremely thin and flimsy) throughlreatthe individual holes in the
plurality of links of the robotic arm.
[0004]  Accordingly, a method for constructing a robotimaassembly allowing
for increased ease of construction of relativehgland/or relatively thin robotic arms

would be useful.



BRIEF DESCRIPTION
[0005] Aspects and advantages of the invention will bda#t in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.
[0006] In one an exemplary aspect of the present disa@osumethod for
constructing a robotic arm is provided. The metimatudes positioning a wire in a
formation zone for the robotic arm; and formingaaly of the robotic arm in the
formation zone around the wire such that the bddiz@robotic arm encloses at least
a portion of the wire.
[0007] In certain exemplary aspects positioning the wiréhe formation zone for
the robotic arm includes positioning a pluralityafes in the formation zone in
tension such that the plurality of wires in thenfi@tion zone are suspended within the
formation zone.
[0008] In certain exemplary aspects forming the body efrthbotic arm around
the wire includes forming the body of the robotimaround the wire using an
additive manufacturing process.
[0009] In certain exemplary aspects the wire is a prevsi@avire having a sleeve
enclosing the wire.
[0010] For example, in certain exemplary aspects formiegbiody of the robotic
arm around the wire includes forming the body @f tbbotic arm around the sleeve in
a fixed manner such that the sleeve is fixed redaid the body.
[0011] In certain exemplary aspects an anchor is coupléet wire, and wherein
forming the body of the robotic arm around the vitngher includes forming the
body of the robotic arm around the anchor.
[0012] In certain exemplary aspects positioning the wirthe formation zone
includes holding the wire at least partially ing#ahrough a positioning line attached
to the anchor. With such an exemplary aspect, tthoad may further include
removing the positioning line attached to the amcubsequent to forming the body
of the robotic arm in the formation zone aroundlire.
[0013] In certain exemplary aspects forming the body efrthbotic arm around

the wire such that the body of the robotic arm ese$ at least a portion of the wire



includes forming a plurality of links of the bodf/the robotic arm and a plurality of
joints movably coupling the plurality of links.

[0014] For example, in certain exemplary aspects eacholitke plurality of

links encloses at least a portion of the wire.

[0015] For example, in certain exemplary aspects the jyia links and the
plurality of joints are formed together using amliéiste manufacturing process.
[0016] In certain exemplary aspects the wire is a conticd, and wherein
forming the body of the robotic arm around the vir@udes forming the body of the
robotic arm around the control wire such that thetiol wire is moveably positioned
within at least a portion of the body of the robairm enclosing the control wire.
[0017] For example, in certain exemplary aspects formnegiody of the robotic
arm in the formation zone around the wire inclufdesing a forward link, an aft
link, and a joint moveably coupling the forwarddiand aft link such that the control
wire is moveably positioned within the aft link afixed to the forward link.

[0018] For example, in certain exemplary aspects an anshomupled to the
control wire, and wherein forming the body of tkatic arm in the formation zone
around the wire further includes forming the ford/éink around the anchor to at least
partially enclose the anchor.

[0019] In certain exemplary aspects, the method may furtiftbude positioning a
tensile member in the formation zone for the rabatm, and wherein forming the
body of the robotic arm around the wire includesiong the body of the robotic arm
around the tensile member.

[0020] In certain exemplary aspects forming the body efrtibotic arm around
the wire includes forming the body of the robotimao have an outer diameter less
than about one inch.

[0021] In certain exemplary aspects forming the body efrthbotic arm around
the wire includes forming the body of the robotimao have an outer diameter less
than about 0.5 inches.

[0022] In certain exemplary aspects forming the body efrthbotic arm around
the wire includes forming the body of the robotimao have a length of at least

about five feet.



[0023] In certain exemplary aspects forming the body efrthbotic arm around
the wire includes molding a continuous componeotiad the wire, and removing
sequential portions of the continuous componefdriim individual links moveably
coupled by a plurality of joints.

[0024] For example, in certain exemplary aspects the iddat links of the body
of the robotic arm enclose the wire.

[0025] In certain exemplary aspects forming the body efrtibotic arm around
the wire includes forming a first portion of thedyoof the robotic arm and forming a
second portion of the body of the robotic arm, ahe@rein positioning the wire in the
formation zone for the robotic arm includes layihg wire on the first portion of the
body of the robotic arm prior to forming the secquition of the body of the robotic
arm.

[0026] These and other features, aspects and advantatfespesent invention
will become better understood with reference tofttiewing description and
appended claims. The accompanying drawings, wdriehncorporated in and
constitute a part of this specification, illustrambodiments of the invention and,

together with the description, serve to explaingheciples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] A full and enabling disclosure of the present ii@m including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the
specification, which makes reference to the appefigares, in which:
[0028] Fig. 1 is a schematic, cross-sectional view oftetie arm assembly in
accordance with an exemplary embodiment of thegpitedisclosure.
[0029] Fig. 2 is a close-up, schematic view of a roboti af the exemplary
robotic arm assembly of Fig. 1.
[0030] Fig. 3 is a schematic view of a system for consimgca robotic arm in
accordance with an exemplary embodiment of thegptedisclosure in a first
construction phase.
[0031] Fig. 4 is a schematic view of the exemplary systéifig. 3 in a second

construction phase.



[0032] Fig. 5is a schematic, cross-sectional view ohk &f a robotic arm
formed using the exemplary system of Figs. 3 and 4.

[0033] Fig. 6 is a schematic, close-up view of two links&@obotic arm of a
robotic arm assembly in accordance with an exemlspect of the present
disclosure.

[0034] Fig. 7 is a schematic, cross-sectional view ofeagdeeved wire in
accordance with an exemplary embodiment of thegpitedisclosure.

[0035] Fig. 8 is a schematic, close-up view of a plurahityinks of a robotic arm
in accordance with an exemplary aspect of the ptetieclosure including one or
more tensile members.

[0036] Fig. 9 is a schematic view of a system for consimgca robotic arm in
accordance with another exemplary embodiment optbesent disclosure in a first
construction phase.

[0037] Fig. 10 is a schematic view of the exemplary systéikig. 9 in a second
construction phase.

[0038] Fig. 11 is a schematic view of the exemplary systéifig. 9 in a third
construction phase.

[0039] Fig. 12 is a schematic view of a system for cormsiing a robotic arm in
accordance with yet another exemplary embodimetiteopresent disclosure in a first
construction phase.

[0040] Fig. 13 is a schematic view of the exemplary systéiig. 12 in a second
construction phase.

[0041] Fig. 14 is a schematic view of the exemplary sysbéifig. 12 in a third
construction phase.

[0042] Fig. 15 is a flow diagram of a method for constingta robotic arm of a
robotic arm assembly in accordance with an exemplspect of the present
disclosure.

[0043] Fig. 16 is a flow diagram of a method for constiugta robotic arm of a
robotic arm assembly in accordance with anothemgkary aspect of the present

disclosure.



[0044]  Fig. 17 is a flow diagram of a method for constingta robotic arm of a
robotic arm assembly in accordance with yet anatiRemplary aspect of the present

disclosure.

DETAILED DESCRIPTION
[0045]  Reference will now be made in detail to present@tithents of the
invention, one or more examples of which are ilatgtd in the accompanying
drawings. The detailed description uses numeandlletter designations to refer to
features in the drawings. Like or similar desigmad in the drawings and description
have been used to refer to like or similar parthefinvention.
[0046]  As used herein, the terms “first”, “second”, ankifl” may be used
interchangeably to distinguish one component frowtlzer and are not intended to
signify location or importance of the individualmponents.
[0047]  The terms “forward” and “aft” refer to relative ptisns within a
component or system, and refer to the normal ojpetattitude of the component or
system. For example, with regard to a robotic domyard refers to a position closer
to a distal end of the robotic arm and aft refera position closer to a root end of the
robotic arm.
[0048] The terms “coupled,” “fixed,” “attached to,” andethike refer to both
direct coupling, fixing, or attaching, as well aslirect coupling, fixing, or attaching
through one or more intermediate components ouffest unless otherwise specified
herein.
[0049] The singular forms “a”, “an”, and “the” include pal references unless
the context clearly dictates otherwise.
[0050] Approximating language, as used herein throughwuspecification and
claims, is applied to modify any quantitative reggetation that could permissibly
vary without resulting in a change in the basicction to which it is related.
Accordingly, a value modified by a term or terms;ls as “about”, “approximately”,
and “substantially”, are not to be limited to thegse value specified. In at least
some instances, the approximating language magsymond to the precision of an

instrument for measuring the value, or the prenisibthe methods or machines for



constructing or manufacturing the components argi/stems. For example, the
approximating language may refer to being withiktDgpercent margin.

[0051] Here and throughout the specification and claigsge limitations are
combined and interchanged, such ranges are icahtfid include all the sub-ranges
contained therein unless context or language itekoatherwise. For example, all
ranges disclosed herein are inclusive of the emdpoand the endpoints are
independently combinable with each other.

[0052] Referring now to the drawings, wherein identicaineuals indicate the
same elements throughout the Figs., Fig. 1 is amsalic view of a robotic arm
assembly 100 in accordance with an exemplary emiermdi of the present disclosure.
The exemplary robotic arm assembly 100 depicte@gdly includes a base 102, a
robotic arm 104, and a utility member 106. The G2 generally includes one or
more motors 108 and a controller 110. The contrdli® is operably coupled to the
one or more motors 108 for controlling operationha& robotic arm assembly 100.
Additionally, the controller 110 may be operablypted to the utility member 106
and/or one or more sensors (not shown) attacheddémbedded in the robotic arm
104 and/or utility member 106. Further, the robatin 104 extends generally
between a root end 112 and a distal end 114. Towicoarm 104 is coupled to the
base 102 at the root end 112 and includes théyunember 106 at the distal end 114.
[0053] Moreover, the robotic arm 104 of the exemplary tabarm assembly 100
depicted is generally formed of a plurality of I;nk16 and a plurality of joints 118,
with the plurality of links 116 sequentially arraatand movably coupled to one
another with the plurality of joints 118.

[0054] Referring now also to Fig. 2, a close-up, schema#iw is provided of an
adjacent pair of links 116 (i.e., a forward link6Lland an aft link 116B) and a joint
118 of the exemplary robotic arm 104 of Fig. 1. & embodiment depicted, the
joint 118 is configured as a flexural joint. Mongesifically, the joint 118 is a section
of substantially reduced cross-sectional area agaced to links 116, such that the
two adjacent links 116 may bend relative to ondfzaraat the joint 118. Further, it
will be appreciated that for the embodiment depictee robotic arm 104 includes a
plurality of control wires 120 extending therethgbu For illustrative purposes, two
control wires 120 are depicted in Fig. 2 (i.e.rstfcontrol wire 120A and a second



control wire 120B), with each of the first and seda@ontrol wires 120A, 120B
terminating at the forward link 116A of the deptfair of links 116. Accordingly, it
will be appreciated that the first and second admires 120A, 120B are each
moveably positioned within (e.g., slidable relatteg the aft link 116B and are
fixedly attached to the forward link 116A. More peularly, the first control wire
120A includes a first anchor 122A fixed to one sifi¢he forward link 116A and the
second control wire 120B includes a second anck®BTixed to another side of the
forward link 116A. It will be appreciated, howey#rat in other exemplary
embodiments, the first and second control wiresA12@0B may be fixedly attached
to the forward link 116A in any other suitable mann

[0055] In order to bend the forward link 116A relativethe aft link 116B, one of
the first control wire 120A or second control wird0B may be pulled by, e.qg., the
one or more motors 108 of the base 102 of the robotn assembly 100. For
example, in order to bend the forward link 116Acklise in the prospective
depicted in Fig. 2, the second control wire 120B/te pulled by the one or more
motors 108 of the base 102, while tension may levesd in the first control wire
120A. Conversely, in order to bend the forward [ril6A counterclockwise in the
prospective depicted in Fig. 2, the first contradend 20A may be pulled by the one or
more motors 108 of the base 102, while tension beaselieved and the second
control wire 120B.

[0056] It will be appreciated that although only two cahtwires 120A, 120B are
depicted in Fig. 2, in other embodiments, each 1ih& may have any other suitable
number of control wires 120 terminating at suck i 6 for controlling such link
116, or alternatively, certain links 116 of thewtb arm 104 may have no control
wires 120 terminating at such link 116 (e.g., acdbapplied by one set of ropes may
be distributed amongst several links 116 and agsstjoints 118). For example, in
certain embodiments, each link 116 may includegtleantrol wires 120 terminating
at such link 116 to provide additional degreeseéflom for such link 116. Further,
while only two wires are depicted in Fig. 2, a tefely large number of additional
control wires 120 (not shown; see Fig. 5, belowymetend through such links 116
for controlling each of the links 116 forward otthnks 116 depicted. By way of
example only, if the robotic arm 104 were to indudenty (20) links 116, with each
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link 116 including three (3) control wires 120 teénating at such link 116, a link 116
proximate the root end 112 of the robotic arm 1@&4 imnclude approximately sixty
(60) control wires 120 extending therethrough. lkertadditional wires may extend
therethrough for, e.g., electrical connectionstier utility member 106 and/or for the
provision of working fluids for the utility membé&06.

[0057] In order to efficiently construct a robotic arm 1fo4 such an exemplary
robotic arm assembly 100, the present disclosunergdly provides for the

positioning of one or more control wires 120 irbanfiation zone 124 (see below) for
the robotic arm 104, and forming a body 126 (gdhenacluding the links 116 and
joints 118; see below) of the robotic arm 104 ia fibrmation zone 124 around the
one or more control wires 120, such that the bdb/df the robotic arm 104 encloses
at least a portion of the one or more control wik2e.

[0058]  More specifically, reference will now be made tg<:i3 and 4. Fig. 3
provides a schematic view of a system 128 for ecanshg a robotic arm 104 of a
robotic arm assembly 100 in accordance with an @ianyaspect of the present
disclosure at a first stage of formation, and Eigrovides a schematic view of the
exemplary system 128 for constructing the robatie 404 of the robotic arm
assembly 100 at a second stage of formation. Tihatimarm 104 being constructed
in Figs. 3 and 4 may be configured in substantiddé/same manner as the exemplary
robotic arm 104 described above with referenceidge.A and 2.

[0059] Referring particularly to Fig. 3, as is depictdte system 128 generally
includes a structure for positioning the contralexd 20, and more particularly, the
plurality of control wires 120, in a formation zoh24 for the robotic arm 104. More
specifically, for the embodiment shown, the struetncludes a first jig assembly 130
and a second jig assembly 132. Each of the plyrafitontrol wires 120 depicted
extends between the first jig assembly 130 anddicend jig assembly 132 between a
first end 134 and a second end 136. The firstggpmbly 130 is configured to hold
the first ends 134 of the plurality of control war&20 in position and the second jig
assembly 132 is configured to hold the second &B@sof the plurality of control
wires 120 in position. Notably, the first jig asd#ynl130 includes a platform 138
through which the plurality of control wires 120temd and on which the body 126 of
the robotic arm 104 will be formed (for the embodihdepicted). In such a manner,
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the control wires 120 may be suspended within dneétion zone 124 in a desire
position/ pattern. Notably, the first ends 134ha plurality of control wires 120 may
be configured for attachment to, e.g., one or nmooéors 108 of a base 102 of a
robotic arm assembly 100 (see Fig. 1) after then&tion of the robotic arm 104.
[0060] It will be appreciated, however, that in other epéary embodiments, any
other assembly may be used for holding the comima(s) 120 in position within the
formation zone 124. For example, any other sugtgglassembly may be used,
and/or the control wires 120 may be suspended nvéltluid bath (depending on the
construction method used for the body 126 of thmtic arm 104).

[0061] Referring now particularly to Fig. 4, it will be ppeciated that the
exemplary system 128 is configured to form a bo2ly af the robotic arm 104 in the
formation zone 124 around the control wire 120, mnade specifically, around the
plurality of control wires 120, such that the bdd6 of the robotic arm 104 encloses
at least a portion of each of the plurality of cohtvires 120. Notably, for the
embodiment shown, the body 126 of the robotic addhibcludes a plurality of links
116, as well as a plurality of joints 118. Eacmidi18 is configured to movably
couple an adjacent pair of links 116 of the playadif links 116. As noted above, for
the embodiment of Fig. 4, each of the joints 1J8amfigured as flexural joints.
However, in other embodiments, any other suitatile$ 118 may be formed and
utilized, such as roller joints, ball joints, etc.

[0062]  More specifically, for the exemplary embodimentidega, the exemplary
system 128 is configured to form the body 126 efribbotic arm 104 in the formation
zone 124 around the control wire 120 using an agdihanufacturing process, such
as a 3-D printing process. Such is depicted scheaflgtin Fig. 4 with the additive
manufacturing implement 140. The use of such aga®may allow the body 126 of
the robotic arm 104 of the robotic arm assembly tbOfle formed integrally, as a
single monolithic component, or as any suitable pemnof sub-components, and built
up around the plurality of control wires 120, sticat the plurality of control wires
120 extend at least partially through the body afér forming the body 126. For
example, such a process may allow for the formatidhe body 126 of the robotic

arm 104 in a manner depicted (i.e., including flakipints between adjacent links
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116), or any other suitable manner (e.qg., includoilgr or ball joints between
adjacent links 116).

[0063]  As used herein, the terms “additively manufacture@d*additive
manufacturing techniques or processes” refer gipeoamanufacturing processes
wherein successive layers of material(s) are pexvioh each other to “build-up,”
layer-by-layer, a three-dimensional component. Jieressive layers generally fuse
together to form a monolithic component which mayéna variety of integral sub-
components. Although additive manufacturing tecbgglis described herein as
enabling fabrication of complex objects by buildmigiects point-by-point, layer-by-
layer, in a vertical direction (or rather a lengtbsvdirection of the robotic arm), other
methods of fabrication are possible and withindbepe of the present subject matter.
For example, although the discussion herein retetise addition of material to form
successive layers, one skilled in the art will &gate that the methods and structures
disclosed herein may be practiced with any additmsaaufacturing technique or
manufacturing technology. For example, embodimehtke present invention may
use layer-additive processes, layer-subtractiveqa®es, or hybrid processes.
[0064] Suitable additive manufacturing techniques in edaonce with the present
disclosure include, for example, Fused Depositimd®ling (FDM), Selective Laser
Sintering (SLS), 3D printing such as by inkjetsdajets, and binder jets,
Sterolithography (SLA), Direct Selective Laser 8nmmg (DSLS), Electron Beam
Sintering (EBS), Electron Beam Melting (EBM), Lagargineered Net Shaping
(LENS), Laser Net Shape Manufacturing (LNSM), Dirsletal Deposition (DMD),
Digital Light Processing (DLP), Direct Selectivedeat Melting (DSLM), Selective
Laser Melting (SLM), Direct Metal Laser Melting (OW), and other known
processes.

[0065] The additive manufacturing processes describedrheray be used for
forming components using any suitable material.és@mple, the material may be
plastic, metal, ceramic, polymer, epoxy, photopaymesin, or any other suitable
material that may be in solid, liquid, powder, sheaterial, wire, or any other
suitable form or combinations thereof. More speaify, according to exemplary
embodiments of the present subject matter, theiaelyi manufactured components
described herein may be formed in part, in wholen some combination of
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materials including but not limited to pure metaligkel alloys, chrome alloys,
titanium, titanium alloys, magnesium, magnesiuraya)] aluminum, aluminum
alloys, and nickel or cobalt based superalloys s€hmeaterials are examples of
materials suitable for use in the additive manufact processes described herein,
and may be generally referred to as “additive nmaltet

[0066] In addition, one skilled in the art will apprecidtat a variety of materials
and methods for bonding those materials may be aisécre contemplated as within
the scope of the present disclosure. As used hesdarences to “fusing” may refer to
any suitable process for creating a bonded layangfof the above materials. For
example, if an object is made from polymer, fugimay refer to creating a thermoset
bond between polymer materials. If the object exgpthe bond may be formed by a
crosslinking process. If the material is cerantie, bond may be formed by a sintering
process. If the material is powdered metal, thedboay be formed by a melting or
sintering process. One skilled in the art will sgapate that other methods of fusing
materials to make a component by additive manufexgjuare possible, and the
presently disclosed subject matter may be practggdthose methods.

[0067] In addition, the additive manufacturing proces€losed herein allows a
single component to be formed from multiple matsri@thus, the components
described herein may be formed from any suitabldures of the above materials.
For example, a component may include multiple lsysegments, or parts that are
formed using different materials, processes, anufiatifferent additive
manufacturing machines. In this manner, componmiatg be constructed which have
different materials and material properties for timgethe demands of any particular
application. In addition, although the componemsaidibed herein are constructed
entirely by additive manufacturing processes, tudtt be appreciated that in alternate
embodiments, all or a portion of these componeratg lbe formed via casting,
machining, and/or any other suitable manufactupirogess. Indeed, any suitable
combination of materials and manufacturing methuody be used to form these
components.

[0068] An exemplary additive manufacturing process willvitoe described.
Additive manufacturing processes fabricate comptmesing three-dimensional (3D)
information, for example a three-dimensional corepatodel, of the component.

12



Accordingly, a three-dimensional design model ef tomponent may be defined
prior to manufacturing. In this regard, a modepmtotype of the component may be
scanned to determine the three-dimensional infoomaif the component. As another
example, a model of the component may be consttutimg a suitable computer
aided design (CAD) program to define the three-disi@nal design model of the
component.

[0069] The design model may include 3D numeric coordinatdéke entire
configuration of the component including both ertdrand internal surfaces of the
component. For example, the design model may dé#fiméody, the surface, and/or
internal passageways such as openings, suppatwsts, etc. In one exemplary
embodiment, the three-dimensional design modadnserted into a plurality of slices
or segments, e.g., along a central (e.g., vertaoa$) of the component or any other
suitable axis. Each slice may define a thin crestien of the component for a
predetermined height of the slice. The pluralityso€cessive cross-sectional slices
together form the 3D component. The componentes thuilt-up” slice-by-slice, or
layer-by-layer, until finished.

[0070] In this manner, the components described hereinbedgbricated using
the additive process, or more specifically eaclkeiay successively formed, e.g., by
fusing or polymerizing a plastic using laser enesgyeat or by sintering or melting
metal powder. For example, a particular type ofitadedmanufacturing process may
use an energy beam, for example, an electron beahearomagnetic radiation such
as a laser beam, to sinter or melt a powder matémng suitable laser and laser
parameters may be used, including consideratiotisr@$pect to power, laser beam
spot size, and scanning velocity. The build makeniay be formed by any suitable
powder or material selected for enhanced strenlgitability, and useful life,
particularly at high temperatures.

[0071] Each successive layer may be, for example, betakeut 5um and 200
um, although the thickness may be selected basadynumber of parameters and
may be any suitable size according to alternatmbadiments. Therefore, utilizing
the additive formation methods described abovectmeponents described herein
may have cross sections as thin as one thicknesms agsociated powder layer, e.g., 5
um, utilized during the additive formation process.
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[0072]  Utilizing additive manufacturing methods, even rmphrt components
may be formed as a single piece of continuous noetalastic or other polymer, and
may thus include fewer sub-components and/or j@atsompared to prior designs.
The integral formation of these multi-part compasehrough additive
manufacturing may advantageously improve the ovasakembly process. For
example, the integral formation reduces the nurobseparate parts that must be
assembled, thus reducing associated time and bass#mbly costs. Additionally,
existing issues with, for example, leakage, joumldy between separate parts, and
overall performance may advantageously be reduced.

[0073] Referring still particularly to Figs. 3 and 4, itibe appreciated that in
such a manner, the body 126 of the robotic armméy be formed using such an
additive manufacturing process such that the b@byid formed around the plurality
of control wires 120. In such a manner, the pltyaf control wires 120 are pre-
threaded through a plurality of openings 142 inlibdy 126, extending through each
of the links 116 of the body 126. For example, mfig briefly to Fig. 5, providing a
cross-sectional view of a link 116 of the exemplanyotic arm 104 depicted in Fig.
4, along a length of the exemplary robotic arm 104jll be appreciated that forming
the robotic arm 104 in accordance with one or ntloese exemplary aspects may
allow for the plurality of control wires 120 to pee-threaded through the individual
links 116, and more specifically, through respextpenings 142 in the individual
links 116. Additionally, forming the body 126 ofetihobotic arm 104 in such a
manner may allow for each of the plurality of cohtvires 120 to be spaced
relatively close together, such that a relativelyg and relatively thin robotic arm 104
may be formed. For example, for the embodimentaleg) at least certain of the
plurality of control wires 120 are spaced less tabaut five millimeters apart from
one another (measured from the center of one domir® 120 to the center of an
adjacent control wire 120), such as less than abahundred (500) micrometers
(wm) apart from one another, such as less than awoutundred and fifty (25Q)m
apart from one another, such as less than aboutwmdred and fifty (150ym apart
from one another. Additionally, such may allow foe formation of the body 126 of
the robotic arm 104 with an outer diameter 144,(aamaximum outer diameter less
than about three (3) inches, such as less thart abey1) inch, such as less than
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about 0.5 inches, such as less than about 0.3gnBlespite the relatively thin robotic
arm 104, due to the relatively close spacing ofplueality of control wires 120
available (i.e., a relatively high density of catwires 120), the robotic arm 104 may
be formed to define a desired length. For exaniplat least certain exemplary
embodiments the robotic arm 104 may define a lehg(i.e., a centerline length;
see Fig. 1) of at least about three (3) feet, suscht least about five (5) feet, such as at
least about six (6) feet, such as up to about anefed (100) feet.

[0074] Notably, referring back particularly to Figs. 3 ahdt will be appreciated
that each of the plurality of control wires 120lurdes an anchor 122 coupled thereto.
During the formation of the body 126 of the robaren 104 within the formation
zone 124 around the control wire 120, the systetfdéins the body 126 around the
anchors 122 that are coupled to the control wik $uch that the anchors 122 are
fixedly positioned within the respective links 1d6the body 126 (and therefore the
respective control wire 120 coupled to the ancli® i$ also fixed to the link 116). In
such a manner, it will be appreciated that the 1it& enclosing an anchor 122 may
be controlled by such anchor 122, or rather theérobwire 120 coupled to such
anchor 122. For example, after the formation efrtibotic arm 104, the control
wires 120 may be pulled on, e.g., by one or moreorsd. 08 of a base 102 of a
robotic arm assembly 100 including the robotic 404 (see Fig. 1), and the anchors
122 may ensure that the control wires 120 aretabybelll on a desired portion of a
desired link 116 of the body 126 of the robotic dod without being pulled out of
position. In such a manner, the control wires 12y ime able to move such link 116
of the body 126 of the robotic arm 104 in a desirethner. In certain exemplary
embodiments, the anchor 122 may be swaged ontotiteol wire 120, crimped to
control wire 120, tied to the control wire 120,attached in any other suitable
manner. Additionally, although depicted as a gdheractangular shape in Figs. 3
and 4, in other embodiments, the anchors 122 mag &y other suitable geometry
for functioning in the manner described herein.

[0075]  Moreover, referring now briefly to Fig. 6, it witle appreciated that the
plurality of control wires 120 depicted, and thepective plurality of anchors 122
depicted, are held in position during the formatwoacess of the body 126 of the
robotic arm 104, with respect to the second jiggaddy 132, using a plurality of
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positioning lines 148. More specifically, Fig. 6pilets a close-up view of two links
116 of a robotic arm assembly 100 having a firsttid wire 120A and a second
control wire 120B extending therethrough. Specificdhe first control wire 120A
includes a first anchor 122A coupled thereto amdsdcond control wire 120B
includes a second anchor 122B coupled theretofiidtenchor 122A is further
coupled to a positioning line 148. It will be appieged that the coupling of the
positioning line 148 to the anchor 122 is done iess robust manner than the
coupling of the control wire 120 to the anchor 122cordingly, after the formation
of the plurality of links 116 around the controlr@s 120 and anchors 122, such that
the anchors 122 are embedded within the link 1lt6e@body 126 of the robotic arm
104, the positioning lines 148 may be pulled ouhwaut affecting the control wires
120. More specifically, the positioning line 148yrize pulled such that the coupling
between the positioning lines 148 and the respeetinchors 122 fail, while the
coupling between the control wires 120 and theaetspe anchors 122 remains intact,
allowing for the positioning lines 148 to be be ca@ad. For the exemplary
embodiment of Fig. 6, the positioning line 148 basn removed from the second
anchor 122B coupled to the second control wire 120B

[0076]  Moreover, it will be appreciated that for the exéanp aspects depicted
herein, forming the body 126 of the robotic arm #@dund the plurality of control
wires 120 using the additive manufacturing progesides forming the body 126 of
the robotic arm 104 around the plurality of contmides 120 such that the control
wires 120 are moveably positioned within (e.gdatile relative to) at least a portion
of the body 126 of the robotic arm 104 enclosinghsplurality of control wires 120.
More specifically, the control wires 120 are mouggimsitioned within (e.g., slidable
relative to) each of the links 116 through which ttontrol wires 120 extend (i.e., the
links 116 formed around the respective control sit20), with the exception of the
link 116 of the robotic arm 104 the respective conwire 120 is configured to
control. In at least certain exemplary embodimesush may be accomplished by
forming a small opening, such as the openings kficted in Fig. 5, around the
location of each of the plurality of control wirg20. Additionally, certain materials

may be utilized that are configured to allow foclswwontrol wires 120 to slide.
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[0077] However, referring now to Fig. 7, in other exemplambodiments, one or
more pre-sleeved control wires may be utilized. &gpecifically, Fig. 7 provides a
close-up, cross-sectional view of a pre-sleevedrobwire having a sleeve 150
enclosing the control wire 120. The sleeve 150 bejormed of, e.g., nylon,
Polytetrafluoroethylene (“PTFE”), or any other aibie material. With such an
exemplary aspect, forming the body 126 of the nabaim 104 around the control
wire 120 may include forming the body 126 of thbatic arm 104 around the sleeve
150 of the pre-sleeved control wire, such thatsteeve 150 is fixed in position within
the links 116 of the body 126 of the robotic arrd, 1€uch that it may not slide
relative to the links 116.

[0078] Further, still, it will be appreciated that utilig a manufacturing method
in accordance with one or more of these exemplspgets may allow for additional
features to be embedded within the body 126 ofdbetic arm 104 for, e.g.,
strengthening the body 126 of the robotic arm Hat.example, referring now to Fig.
8, a close-up, schematic, cross-sectional vievejsatied of the robotic arm 104 in
accordance with another exemplary embodiment optbsent disclosure. The
exemplary robotic arm 104 depicted may be confidumea similar manner to one or
more of the exemplary embodiment described abogeorlingly, the exemplary
robotic arm 104 may generally include a pluralityioks 116 and a plurality of joints
118, with each joint 118 movably coupling an adpgsir of links 116 of the
plurality of links 116. Further, the exemplary rdlocarm 104 depicted in Fig. 8 may
be formed in accordance with one or more the examlspects described herein.
Accordingly, the exemplary robotic arm 104 depidteérig. 8 includes a plurality of
control wires 120, with the links 116 of the rolocéirm 104 formed around the
plurality of control wires 120.

[0079] However, in addition to the plurality of controlnes 120, for the
exemplary embodiment depicted in Fig. 8, the rabatm 104 further includes one or
more tensile members 152. For the embodiment shiwergne or more tensile
members 152 includes a plurality of support lindge plurality of support lines
similarly extend between the first jig assembly HB@ the second jig assembly 132
(not shown in Fig. 8; similar to the control wirk20 depicted) within the formation
zone 124 of the robotic arm 104 during the formmratbthe robotic arm 104. In such
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a manner, the body 126 of the robotic arm 104 neafpbmed around the one or more
support lines, such that the support lines are eadxwithin the body 126 of the
robotic arm 104. The support lines may act to sfiteen the body 126 of the robotic
arm 104 by providing additional tensile supportite links 116 and/or joints 118.
[0080] It will be appreciated, however, that in other epéary embodiments, if
one or more tensile members 152 are includedetigle members 152 may have any
other suitable shape and/or configuration. For gotamn other embodiments, the one
or more tensile members 152 may not be configuseshipport lines extending
through a plurality of links 116 and joints 118danstead may be configured as a
plurality of individual, separate tensile membes2 positioned within the individual
links 116 and joints 118.

[0081] Further, it will be appreciated that although th&glity of control wires

120 are generally fixed to a respective link 11i6 itonfigured to control by forming
the link 116 around an anchor 122 coupled to socirol wire 120, in other
exemplary aspects of the present disclosure, tiralgly of control wires 120 may be
fixed to a respective link 116 it is configuredcntrol in any other suitable manner.
For example, in certain exemplary aspects, thelitdk may be formed into a texture
of a surface of the control wire 120 itself to itixn position. Additionally, or
alternatively, the wire 120 may be fixed througthamical bond, such as an epoxy or
other adhesive bonding. With such a case, theibgnmday be applied during the
formation of the link 116, or a section of the wir20 intended to be fixed to the link
116 may be primed with an adhesive or adhesive ptensuch that the desired
portion fixes to the link 116 and the remainingtymr does not. Additionally, or
alternatively, when a pre-sleeved control wire i20sed, a portion of the sleeve 150
may be stripped from the wire 120 to expose the W0 and the link 116 may be
formed to the exposed portion of the wire 120. ifiddally, or alternatively, still, a
portion of the wire 120 may be fused, melted, we)dwazed, etc. to the link 116
during the formation of the link 116 by, e.g., adafrom the additive process or
another tool.

[0082]  Moreover, it will be appreciated that in other exdany aspects of the
present disclosure, any other suitable method reaytibzed for constructing a

robotic arm 104 of a robotic arm assembly 100 bsitmming one or more control
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wires 120 in a formation zone 124 of the robotim &04 and forming a body 126 of
the robotic arm 104 in the formation zone 124 adbile one or more control wires
120.

[0083] For example, referring briefly to Figs. 9 through another exemplary
aspect of the present disclosure is depicted.Heexemplary embodiment of Figs. 9
through 11, a body 126 a robotic arm 104 may agaiformed generally using an
additive manufacturing process. Specifically, fog eExemplary aspect depicted, a
plurality of layers of the robotic arm 104 may lbemed, with the robotic arm 104 in
a horizontal orientation. For example, an impleniet is depicted in Figs. 9 and 11,
schematically representing the addition of the disylerough a suitable additive
manufacturing process.

[0084] Referring first particularly to Fig. 9, an initidlrst portion 154 of the body
126 of the robotic arm 104 has been formed thramghdditive manufacturing
process. As the robotic arm 104 is built up (laer by layer through additive
manufacturing) such that a depth 156 is obtaineerg/h control wire 120 should be
positioned, the additive manufacturing process bmpaused, and a control wire 120
maybe laid in position across the unfinished rabatm 104 (e.g., of the first portion
154 of the body 126 of the robotic arm 104). Sughaeess step is depicted in Fig.
10. Subsequently, after the control wire(s) 120ia@osition, additional layers of the
robotic arm 104 are formed through the additive nfi@acturing process, such that the
body 126 of the robotic arm 104 is formed aroureddbntrol wire(s) 120 laid in
position across the first portion 154 of the bo@¢ bf the robotic arm 104. In such a
manner, the body 126 of the robotic arm 104 enslaséeast a portion of the
plurality of control wires 120. Specifically, regmg the example described with
reference to Figs. 10, a second portion 158 obtuy 126 of the robotic arm 104
may be formed around the control wire 120 laidasipon on the first portion 150 for
the body of the robotic arm 104. Such a procegsistdepicted in Fig. 11.

[0085] Notably, although not depicted, with such an exemypprocess, the links
116 may be formed with indentations for the contvimes 120 and/or an anchor(s)
122 of the control wire 120, such that the conwioe(s) 120 and anchor(s) 122 may

be laid in position when the appropriate layetnsshed. With such an exemplary
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aspect, the anchor 122 may or may not be heldsitipo using one or more
positioning lines.

[0086]  Similar pauses in the additive manufacturing pregeay be taken at each
depth where one or more control wires 120 shoulddsgtioned, such that at the
completion of the formation of the body 126 of thbotic arm 104, each of the
control wires 120 are threaded through/ positianetie body 126 of the robotic arm
104.

[0087] It will further be appreciated, however, that il sther exemplary
embodiments, still other processes may be utilieeforming a robotic arm 104 in
accordance with an exemplary aspect of the presscibsure. For example, referring
now to Figs. 12 through 14, yet another exemplaoggss for forming a robotic arm
104 in accordance with an exemplary aspect of tesgmt disclosure is depicted.
[0088] The exemplary robotic arm 104 formed in Figs. 1@udigh 14 may be
configured in a similar manner to one or more eféemplary embodiments
described above. For example, the robotic arm Bddglformed may have a plurality
of links 116 and a plurality of joints 118, withakgjoint 118 movably coupling an
adjacent pair of links 116 of the plurality of sk 16. Additionally, the robotic arm
104 being formed may include a plurality of contnates 120 enclosed by at least a
portion of the body 126 of the robotic arm 104 dontrolling movement of the links
116 of the robotic arm 104.

[0089]  Similar to the exemplary aspects described abavehé exemplary
aspect of Figs. 12 through 14, one or more comin@s 120 are positioned in a
formation zone 124 for the robotic arm 104. Spealfy, as is depicted in Fig. 12,
each of the plurality of control wires 120 of tlodotic arm 104 are suspended within
the formation zone 124 using a first jig assemtd§ and a second jig assembly 132.
However, for the exemplary aspect depicted in Fig@shrough 14, the body 126 of
the robotic arm 104 is formed by molding a contusicomponent 160 around each
of the plurality of control wires 120, as is depittn Fig. 13, and subsequently,
removing sequential portions 162 from the contirsucomponent 160 to form the
individual links 116 coupled by individual joint48, as is depicted in Fig. 14. The
continuous component 160 defines a substantialhgtemt cross-sectional shape
along substantially an entire length of thereofmReing the sequential portions 162
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may include removing these portions 162 using datian process configured to
remove the material forming the continuous compoaéf, without damaging the
plurality of control wires 120 extending therethgbu For example, the continuous
component 160 may be formed of a plastic or polymaterial, while the plurality of
control wires 120 are formed of a metal materiaithvBuch an exemplary
embodiment, the ablation process may utilize a metassembly 164 (using a high
pressure water stream) configured to remove thaiplaaterial of the continuous
component 160, without damaging the metal matefighe plurality of control wires
120 (which is a more robust material than the plastpolymer material forming the
continuous component 160).

[0090] Referring now to Fig. 15, a method 200 for condtngca robotic arm in
accordance with an exemplary aspect of the preisclbsure is depicted. The
exemplary robotic arm constructed in accordanch thié method 200 may be
configured in a similar manner to one or more efélemplary robotic arms
described above. For example, the robotic arm neagi@lly include a body having a
plurality of links and a plurality of joints, witeach joint movably coupling a pair of
adjacent links of the plurality of links.

[0091] The method 200 generally includes at (202) positiga wire in a
formation zone for the robotic arm. More specifigalor the exemplary aspect
depicted, positioning the wire in the formation edar the robotic arm at (202)
includes at (204) positioning a plurality of winesthe formation zone in tension such
that the plurality of wires in the formation zone guspended within the formation
zone. Such may be accomplished by utilizing onmarre jig assemblies, with the
plurality of wires extending between such jig asskes.

[0092] The method 200 further includes at (206) forming blody of the robotic
arm in the formation zone around the wire such timatody of the robotic arm
encloses at least a portion of the wire. More $patly, when positioning the wire at
(202) includes positioning a plurality of wiresthme formation zone at (204), forming
the body of the robotic arm at (206) may includerfimg the body of the robotic arm
in the formation zone around each of the pluralityires such that the body of the

robotic arm encloses at least a portion of eacheplurality of wires.
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[0093] It will be appreciated that for the exemplary aspapicted, forming the
body of the robotic arm around the wire at (20@)Judes at (208) forming the body of
the robotic arm around the wire (or plurality ofr@s) using an additive
manufacturing process. As will be appreciated ftbendescription above, any
suitable additive manufacturing process may bé&atil In such a manner, forming
the body of the robotic arm around the wire usingdditive manufacturing process
at (208) may include sequentially forming a pluyadif layers of the body of the
robotic arm to build the body of the robotic armoward the wire, or plurality of wires
positioned within the formation zone at (202).

[0094]  Additionally, it will be appreciated that such maryable the formation of a
robotic arm having a relatively dense arrangeménbotrol wires extending
therethrough. Accordingly, it will be appreciatéat with such an exemplary aspect,
forming the body of the robotic arm around the vaté206) may include at (210)
forming the body of the robotic arm to have an odiameter less than about one (1)
inch and to have a length of at least about 5 fe@etourse, however, in other
exemplary aspects, the body of the robotic arm haase any other suitable outer
diameter and/or any other suitable length.

[0095]  Referring still to the exemplary aspect of Fig. itvill be appreciated,

that forming the body of the robotic arm aroundwhe such that the body of the
robotic arm encloses at least a portion of the air@06) also includes at (212)
forming a plurality of links of the body of the rotic arm and a plurality of joints
movably coupling the plurality of links. In suchrenner, one or more of the links of
the plurality of links encloses at least a portdnhe wire.

[0096]  With the exception of the link of the body of tledotic arm to be
controlled by a particular wire, the particular @may need to be capable of sliding
relative to the links through which it extends. Aadingly, for the exemplary aspect
depicted, forming the body of the robotic arm amtime wire such that the robotic
arm encloses at least a portion of the wire at2@@itionally includes at (214)
forming the body of the robotic arm around the veioeh that the wires are moveably
positioned within (e.g., slidable relative to) @t a portion of the body of the robotic
arm enclosing the wire. Notably, in certain exemphlspects, such may be
accomplished by forming the body of the robotic avitih a clearance/gap around the
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wire (or more specifically around each of the plityaf wires). However, for the
exemplary aspect depicted, such is accomplishadilizing a pre-sleeved wire
having a sleeve enclosing the wire. With such amgxary aspect, forming the body
of the robotic arm around the wire at (206) includé (216) forming the body of the
robotic arm around the sleeve in a fixed manner.

[0097]  Further, it will be appreciated that in a certaxemplary aspects, an
anchor may be coupled to the wire to ensure the as traction with the link it is
configured to control. For example, the anchor niefyne a geometry to prevent it
from sliding when pulled on (e.g., a diameter gee#ttan a diameter of the wire, a
varying diameter along its length, etc.). With sachexemplary aspect, such as the
exemplary aspect depicted, forming the body ofttetic arm around the wire at
(206) further includes at (218) forming the bodytlo# robotic arm around the anchor.
In such a manner, it will be appreciated that pasibg the wire in the formation zone
at (202) further includes at (220) holding the watdeast partially in place through a
positioning line attached to the anchor. The me@@ accordingly further includes
at (222) removing the positioning line attachethi® anchor subsequent to forming
the body of the robotic arm in the formation zonsuad the wire at (206).

[0098] As noted above, in at least one exemplary aspachjfg the body of the
robotic arm around the wire at (206) includes a#jXorming the body of the robotic
arm around the wire such that the wire is movepbhitioned within (e.g., slidable
relative to) at least a portion of the body of thkotic arm enclosing the wire. By
way of example only, with such an exemplary asgeating the body of the robotic
arm in the formation zone around the wire at (208Y further include at (224)
forming a forward link, an aft link, and a joint meably coupling the forward link
and aft link such that the control wire is moveafayg., slidably) positioned within
the aft link and fixed to the forward link. Morpeifically, still, for the exemplary
aspect depicted, an anchor is coupled to the damire, and forming the body of the
robotic arm in the formation zone around the wiré86) further includes at (226)
forming the forward link around the anchor to eseléhe anchor.

[0099] Referring still to the exemplary aspect depicteéim 15, in order to
increase a strength of the body of the robotic &neexemplary method 200 depicted
further includes at (228) positioning a tensile rbemin the formation zone for the
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robotic arm. With such an exemplary embodimeninfag the body of the robotic
arm around the wire at (206) further includes 80jXorming the body of the robotic
arm around the tensile member. In certain exempaapgcts, the tensile member may
be a support line. Regardless, the tensile membgrprovide additional support for
the body of the robotic arm by increasing a tenstilength of the body of the robotic
arm.

[00100] With such an exemplary aspect, it will be appredahat the body of the
robotic arm may generally be formed around the varelurality of wires using an
additive manufacturing process, to result in a giglly fully assembled robotic
arm with wires (e.g., control wires) integratedréie. Such may provide for a more
efficiently constructed, more compact, and potdigtgtronger robotic arm for robotic
arm assembly.

[00101] It will be appreciated, however, that in other epéary aspects, any other
suitable methods may be utilized for constructimglkatic arm of the present
disclosure. For example, referring briefly to Fi§, a method 300 for constructing a
robotic arm in accordance with another exemplapgetsof the present disclosure is
depicted. The exemplary method 300 may be sinuléiné exemplary method 200
described above. For example, the exemplary me2@0dyenerally includes at (302)
positioning a wire in a formation zone for the rab@rm. The method 300
additionally includes at (304) forming a body oé tfobotic arm in the formation zone
around the wire such that the body of the robatic encloses at least a portion of the
wire. However, for the exemplary aspect depictetning the body of the robotic
arm at (304) includes at (306) forming a first pmrtof the body of the robotic arm
and at (308) forming a second portion of the boidiye robotic arm. With such an
exemplary aspect, positioning the wire and the &irom zone for the robotic arm at
(302) includes at (310) positioning the wire on fingt portion of the body of the
robotic arm formed at (306) prior to forming thesed portion of the body of the
robotic arm at (308).

[00102] Additionally, although not depicted, it will be ajggiated that in certain
exemplary aspects, forming the robotic arm in trention zone around the wire at
(304) may further include sequentially forming arplity of individual portions of
the body of the robotic arm. With such an exempéeapect, positioning the wire in
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the formation zone for the robotic arm at (302) rmeyude positioning a plurality of
wires, each wire positioned on one of the individeaquentially formed portions of
the body of the robotic arm such that a subsequenion of the body of the robotic
arm may be formed therearound. In such a mannerpthotic arm may generally be
sequentially formed, such that the resulting rabatim includes a plurality of wires
integrally formed therewith. For example, in cartakemplary aspects, there may be
at least three (3) sequential portions of the Hodyed, such as at least ten (10)
sequential portions, and up to about one thous@f@ fortions. Similarly, with one
or more of these exemplary aspects, the body megy &ildleast three wires positioned
therein (i.e., between the sequentially formedipost of the body), such as at least
about nine (9) wires, such as up to about 1000swire

[00103] However, in still other exemplary aspects, stiletsuitable methods may
be utilized for constructing a robotic arm. For exde, referring now to Fig. 15, a
method 400 for constructing a robotic arm in acaam with another exemplary
aspect of the present disclosure is depicted. Xbmplary method 400 may be
similar to the exemplary method 200 described abBue example, the exemplary
method 400 generally includes at (402) positiordngire in a formation zone for the
robotic arm. The method 400 additionally include§&84) forming a body of the
robotic arm in the formation zone around the wirehsthat the body of the robotic
arm encloses at least a portion of the wire. Howewee the exemplary aspect
depicted, forming the body of the robotic arm @4pincludes molding a continuous
component around the wire, and at (406) removigieetial portions of the
continuous component to form individual links oéttobotic arm coupled by joints of
the robotic arm. With such an exemplary aspectirttiidual links of the body of

the robotic arm encloses the wire. In certain eXargmspects, removing sequential
portions of the continuous component to form thivillual links and joints at (406)
may include utilizing a waterjet extrusion procdsewever, in other exemplary
aspects, any other suitable extrusion process mayilized. For example, it will be
appreciated that in certain exemplary aspects,ifayithe body of the robotic arm in
the formation zone around the wire at (404) furihetludes at (408) forming the body

of the robotic arm in the formation zone utiliziagnaterial softer than a material of
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the wire. Such an exemplary aspect, the materileo€ontinuous component formed
may be removed without damaging the material oftine.

[00104] This written description uses examples to disctbeanvention, including
the best mode, and also to enable any persondkillhe art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope ahtteamtion is defined by the claims,
and may include other examples that occur to te&sled in the art. Such other
examples are intended to be within the scope ofldims if they include structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantifiécences from the literal languages

of the claims.
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WHAT ISCLAIMED IS:

1 A method (200) for constructing arobotic arm (104) comprising:

positioning (202) awire (120) in aformation zone (124) for the robotic arm
(104); and

forming (206) a body (126) of the robotic arm (104) in the formation zone
(124) around the wire (120) such that the body (126) of the robotic arm (104) encloses
at least a portion of the wire (120).

2. The method (200) of claim 1, wherein positioning (202) the wire (120) in the
formation zone (124) for the robotic arm (104) comprises positioning (204) a plurality
of wires (120) in the formation zone (124) in tension such that the plurality of wires
(120) in the formation zone (124) are suspended within the formation zone (124).

3. The method (200) of claim 1, wherein forming (206) the body (126) of the
robotic arm (104) around the wire comprises forming (208) the body (126) of the

robotic arm (104) around the wire (120) using an additive manufacturing process.

4, The method (200) of claim 1, wherein the wire (120) is a pre-sleeved wire
having a sleeve (150) enclosing the wire (120).

5. The method (200) of claim 4, wherein forming (20) the body (126) of the
robotic arm (104) around the wire (120) comprises forming (216) the body (126) of
the robotic arm (104) around the sleeve (150) in afixed manner such that the sleeve
(150) isfixed relative to the body (126).

6. The method (200) of claim 1, wherein an anchor (122) is coupled to the wire
(220), and wherein forming (206) the body (126) of the robotic arm (104) around the
wire (120) further comprises forming (218) the body (126) of the robotic arm (104)
around the anchor (122).
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7. The method (200) of claim 6, wherein positioning (202) the wire (120) in the
formation zone (124) comprises holding (220) the wire (120) at least partialy in place
through a positioning line (148) attached to the anchor (122), and wherein the method
(200) further comprises:

removing (222) the positioning line (148) attached to the anchor (122)
subsequent to forming the body (126) of the robotic arm (104) in the formation zone
(124) around the wire (120).

8. The method (200) of claim 1, wherein forming (206) the body (126) of the
robotic arm (104) around the wire (120) such that the body (126) of the robotic arm
(104) encloses at least a portion of the wire (120) comprises forming (212) aplurality
of links (116) of the body (126) of the robotic arm (104) and a plurality of joints (118)
movably coupling the plurality of links (116).

0. The method (200) of claim 8, wherein each link (116) of the plurality of links
(116) encloses at least a portion of the wire (120).

10.  Themethod (200) of claim 8, wherein the plurality of links (116) and the

plurality of joints (118) are formed together using an additive manufacturing process.

11.  Themethod (200) of claim 1, wherein the wire (120) is a control wire, and
wherein forming (206) the body (126) of the robotic arm (104) around the wire (120)
comprises forming (214) the body (126) of the robotic arm (104) around the control
wire (120) such that the control wire (120) is moveably positioned within at least a
portion of the body (126) of the robotic arm (104) enclosing the control wire (120).

12. The method (200) of claim 11, wherein forming (214) the body (126) of the
robotic arm (104) in the formation zone (124) around the wire (120) comprises
forming (224) aforward link (116A), an aft link (116B), and ajoint (118) moveably
coupling the forward link (116A) and aft link (116B) such that the control wire (120)
is moveably positioned within the aft link (116B) and fixed to the forward link
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(116A).

13. Themethod (200) of claim 12, wherein an anchor (122) is coupled to the
control wire (120), and wherein forming (214) the body (126) of the robotic arm (104)
in the formation zone (124) around the wire (120) further (226) comprises forming the
forward link (116A) around the anchor (122) to at least partially enclose the anchor
(122).

14.  Themethod (200) of claim 1, further comprising:

positioning (228) atensile member (152) in the formation zone (124) for the
robotic arm (104), and wherein forming the body (126) of the robotic arm (104)
around the wire (120) comprises forming the body (126) of the robotic arm (104)

around the tensile member (152).
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