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BOOM MOUNTABLE ROBOTIC ARM

Cross Reference to Related Applications

This application is a continuation in part from: (a) United States application No.
1.2/451,492 filed November 16, 2009, which is a national phase entry from PCT application
number PCT/CA2007/000834 filed May 16, 2007, both entitled Boom Mou.ntable Robotic Arm;
and, (b) United States patent application No. 12/227,834 filed November 28, 2008, entitled
Remote Manipulator for Manipulating Live Multiple Sub-Conductors in a Single Phase Bundle
which is a National Phase Entry from PCT application No. PCT/CA2006/000909 filed June 2,
2006, entitled Remote Manipulator for Manipulating Live Multiple Sub-Conductors in a Single

Phase Bundle, and which all are incorporated herein in their entirety.
Field of the Invention

This application relates to a robotic arm which is mountable to the boom of a
service vehicle for temporarily supporting and repositioning energized power lines to enable

repair or replacement or re-location of transmission or distribution conductors while energized.

Background of the Invention

High voltage transmission and distribution lines are typically strung between a
series of spaced-apart support towers or poles: The conductors are connected to insulators
mounted or suspended from crossarms extending at the upper end of transmission or distribution
poles, or conductor support points built into transmission towers. Periodically it is necessary to
replace or repair the poles or towers, crossarms and insulators to maintain the electrical circuit in
good working order. Itis preferable if this maintenance and repair work can be performed without
de-energizing the conductors in order to avoid the necessity of purchasing power from an

alternative source, or other system disruptions.
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Hot line repair work is a potentially hazardous undertaking. Safety regulations
require that linemen maintain a minimum work clearance or “limit of approach” from energized
conductors. The limit of approach varies depending upon the voltage of the conductors in
question.

Conventional procedures used by linemen to temporarily support energized
conductors in order to enable repair of damaged or obsolete components involve the use of
insulated wire tongs, lift poles and rope blocks in labor-intensive, complex rigging arrangements.
Conventional fiberglass insulated tools are limited to use only in good weather. Any accumulation
of moisture which may impair their insulating property requires that the job be stopped, and that

all and that the conductors be placed in an insulator which is rated for all-weather use.

Several auxiliary crossarms have also been proposed in the past for temporanly
supporting conductors, thereby reducing the need for labor-intensive “stick work™ by linemen. For
example, United States Patent No. 4,973,795, which issued to Sharpe on November 27, 1990,
relates to an auxiliary crossarm consisting of an insulated boom fitted with polymer insulators and
conductor hooks for releasably engaging energized conductors. The Sharpe boom is suspended

from a crane above the transmission lines to be serviced.

Auxiliary crossarms for temporarily lifting and supporting energized conductors
from below are also well-known. Such crossarms typically have sleeves which are compatible to

the boom jibs of derrick and bucket trucks.

Utility companies often find it convenient to string both transmission lines and
distribution lines on the same pole or tower. The distribution lines are usually suspended between

four to twelve feet below the transmission lines.

Copy provided by USPTO from the IFW Image Database on 12/21/2012
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This makes it very difficult or impossible to safely raise prior art boom-mounted
auxiliary crossarms to a positioh immediately beneath the transmission lines in order to provide

temporary suppott to the lower mounted distribution conductors.

Anotﬁer limitation of prior art designs such as that found in applicants United
States Patent No. 5,538,207 which issued July 23, 1996, is that they do not permit extensive
pivotal movement of the auxiliary crossarm relative to the boom of a service vehicle. A large
rangé of pivotal movement is desirable so that no matter what the orientation of the service
vehicle, for example when parked on rough uneven terrain, movement of the auxiliary crossarm
easily facilitates simultaneous multiphase conductor capture, and enables insertion of the crossarm
between upper and lower-mounted conductors no matter what the angle of the service truck, and to
allow for relocation of conductors to different final configurations or different orientations. Fold-
down-flat insulators make for compactness, for example when the auxiliary cross-arm is flush
down against the boom of transport, and for insertion into tight spacing between existing

conductors and crossarms.

Summary of the Invention

B In the summary, the boom mountable robotic arm for temporarily supporting an
elongate conductor may be characterized according to one aspect of the invention as including a
beam pivotally mounted on a boom mounting adaptor, wherein the boom mounting adaptor is
mountable onto an upper end of a boom. At least two electrically insulated support posts are
mounted to and spaced apart along the beam. At least a first rotation coupling and second rotation
couplings which are collectively mounted in cooperation with the beam. The first rotation
coupling provides pivotal mounting of the beam on the boom mounting adaptor so as to provide
selectively controllable rotation of the beam about a first axis of rotation, wherein the first axis of
rotation extends laterally of and between the beam and an upper end of the boom mounting
adaptor for rotation of the beam relative to the boom mounting adaptor in a substantially vertical

plane. The second rotation couplings provide selectively controllable rotation of the electrically

Copy provided by USPTO from the IFW Image Database on 12/21/2012
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insulated support posts about corresponding second axes of rotation. The second axes of rotation
include axes of rotation extending substantially laterally across the beam at base ends of the
support posts for rotation of each support. post relative to and substantially along the beam.
Positions of the support posts are thereby selectively adjustable between a retracted position
substantially laid flush along the beam and a pick-up position ready to receive a conductor being
supported. Each electrically insulated support post is adapted to temporarily support an energized

electrical conductor.

A scissor linkage is mounted to the beam and the boom mounting adaptor for
selectively adjusting an angular position of the beam relative to the boom mounting adaptor. A
selectively actuable first actuator is mounted so as to cooperate between the beam and the scissor
linkage. The scissor linkage in.cludes first and second linkageﬁmembcrs. Each of the first and
second linkage members has, respectively, opposite first:and s'q‘:'_c;o’nd ends. The first ends are

pivotally connected to one another. The second ends are. Tof_ﬁiil‘iy mounted to, respectively, the

beam and the boom mounting adaptor. The first actuator ié:ﬁivotally mounted at a first end thereof
to the first ends of the linkage members. A second end of the first actuator, opposite the first end

of the first actuator, is mounted to the beam.

The beam is pivotable in an angular displacement about the first rotation coupling
by substantially 160 degrees relative to the boom mounting adaptor. The angular displacement

includes a substantially horizontal orientation and a substantially vertical orientation.

The beam may be a substantially linear beam. The at least two electrically insulated
support posts include one br more insulated support posts mounted on each of the opposite ends of
the beam. The support posts on each end of the beam are mounted on corresponding second
rotation couplings on the opposite ends of the beam. The second rotation couplings have
corresponding substantially parallel the second axes of rotation allowing distal ends of the pair of
support posts, distal from the beam, to rotate in a substantially vertical plane into the support

posts’ retracted positions.

Copy provided by USPTO from the IFW Image Database on 12/21/2012
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The second axes of rotation may also include axes which extend along the beams so
that the posts rotate laterally relative to the beam, and may also include axes which extend
vertically or off-vertically so that the posts rotate while up-standing, or wherein the second axes of
rotation are a combination of these by the use of a universal joint-like coupling or other forms of

multiple degree-of-freedom couplings between the posts and the beam.

The second rotation couplings may each include a hinge mounted to the beam.
Each hinge may include at least one hinge plate. Each hinge plate may have a plurality of bores
therein for securing a corresponding pair of electrically insulated support posts thereto. Each
hinge plate may have a fastener for securing the hinge plate in an operating position in which the
electrically insulated support posts extend in their pick-up positions and substantially

perpendicularly away from the beam.

Each hinge plate may be pivotally mounted to a correspondiné base piate which is
mounted to the beam. The hinge plate and its corresponding base plate may have cooperating holes
at opposite ends thereof so that, with a first end of the hinge plate pinned by a pin or rod or shaft to
the first end of the base plate, the opposite second end of the hinge plate may be swung or pivoted
open relative to the base plate by rotation of the plates about the pin, rod or shaft. Conversely, the
second ends of the hinge plate and base plate may be pinned together for opening or pivoting open

of the hinge in the opposite direction, that is, about the pin, rod or shaft pinning the second end of

. the hinge plate to the second end of the base plate.

The beam may include telescopic beam extensions and a second actuator cooperating
between the beam and the beam extensions for selective lengthening of the beam, and wherein the
support posts are mounted on distal ends of the beam extensions. The beam may include amain
beam member and one extension member at at least one end of the main beam member. The

extension member extends so as to elongate the beam. At least one electrically insulated support

Copy provided by USPTO from the IFW Image Database on 12/21/2012
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posts is mounted on a distal end of the extension member, distal from the main beam member. An
oppositely disposed pair of the extension members may be mounted on the distal ends of the main
beam member. The extension members extend from a collapsed position to an extended position.
The pair of support posts on the distal ends of the extension members pivot on the support posts’
corresponding second rotation couplings so as to, for example, fold along the main beam member
when the extension members are in their collapsed position, that is, when the beam is shortened.
The individual or pairs of support posts on the distal ends of the extension members may inot
towards one another when pivoted about the second rotation couplings into their retracted
positions. At least a third support post may be mounted on the main beam member. The third
support post is pivotable about a corresponding second rotation coupling so as to, for example, lay
flush along the main beam member when the third support post is in the retracted position. When
in the retracted isosition the third support post is advantageously substantially co-linearly aligned
with and between the first and second support posts when in their corresponding retracted

positions.

Static picks may be mounted to the main beam between the support posts so as to extend
substantially perpendicularly from the beam, and may also be mounted by second rotation

couplings to, for example, pivot along the beam.

Angular positioners may be mounted acting between the posts and/or picks for adjusting
the inclination angle of the posts or picks about the second rotation coupling on the beam. The
angular positioners may be rigid positioners for example using links of different lengths to
selectively tip or pivot the posts or picks about their hinges by set angles such as for example 15°,

30°, 45°, etc.

_ Alternatively, instead of the use of links holding the hinges open, that is, mounted between
the open ends of the open hinges, the hinges may be selectively pivoted between their open-most
and their closed positions, or otherwise the posts or picks may pivoted about second rotational

couplings such as pinned joints, rotational sleeves, shafis and bearings, universal joints, ball-joints,

i0
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etc as would be known to those skilled in the art, by the use of actuators such as for example

hydraulic cylinders cooperating between the posts or picks and the beam.

In the various embodiments, the posts may be single posts mounted one post per hinge or
A\
pivat, or the posts may be multiple posts, for example, pairs of posts mounted one pair or group of

posts per hinge or pivot.

The opposite first and second ends of the main beam member define abeam length
there-between. The first rotation coupling is adjacent the first end of the main beam member. The
second end of the first actuator is mounted adjacent to the second end of the main beam member.
The first actuator may be a linearly extensible actuator which selectively extends between a
shortened length and a long length corresponding to retractién and extension of the first actuator
respectively. The first and second linkage members have cérrespondin g first and second lengths.
The first or second lengths of the first and second linkage %nembers when summed with, that is,

added to, the shortened length of the first actuator, is substantially no longer than the beam length.

When the first actuator is retracted into its shortened length, the first actuator pulls
on the first ends of the first and second linkage members so as to reduce an included angle
between the ﬁr‘st and second linkage members to thereby rotate the second end of the main beam
member towards the boom mounting adaptor. The boom mounting adaptor may be elongate. First
and second included angles are formed between the first end of the main beam member and the
boom ‘mountin g adaptor, and between the second end of the main beam member and the boom
mounting adaptor respectively. The first included angle is increased and the second included angle
is decreased as the second end of the main beam member rotates tqwards the boom mounting
adaptor. When said first actuator is retracted and thereby in its shortened length, the included
angle between the first and second linkage members is minimized and the main beam member is

rotated about said first rotation coupling so as to be substantially flush along the linkage members,

\
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the first actuator, and the boom mounting adaptor. The beam and the support posts may thereby be

compactly stowed when the boom is in a lowered position.

Brief Description of the Drawings

!

In drawings which illustrate embodiments of the invention, but which should not be

constructed to limit the spirit or scope of the invention:
Figure 1 is, in side elevation view, a boom mountable robotic arm according to one
embodiment, wherein the beam on the arm is vertical and the telescopic arm extensions are

extended.

Figure 2 is the view of Figure 1 with the beam rotated to the nearly horizontal and

with the arm extensions retracted.

Figure 3 is the view of Figure 2 with the beam rotated down flush with the boom

adaptor and scissor linkage.
Figure 4 is the view of Figure 1 with the arm rotated to the horizontal.

Figure 5 is the view of Figure 4 with the optional rigid extensions mounted onto the

ends of the telescopic arm extensions.

Figure 6 is, in side elevation view, the boom mountable robotic arm of Figure 1

further comprising static picks mounted on opposite ends of the upper frame or beam.

\Z
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Figure 7 is the boom mountable robotic arm of Figure 6 wherein the paired
insulators mounted on each hinge have been replaced with single insulators mounted on each

hinge.

Figure 8 is the boom mountable robotic arm of Figure 7 wherein the static picks
have been removed and the insulators rotated in a first direction by pinning first ends of their
hinges and tilting the insulators about the pinned first ends and bracing the separated second ends

of the hinges with rigid links to fix the angular inclination. of the insulators relative to the arm.

Figure 9a is, in side elevation view, an alternative embodiment of a means for

. . ] )
selectively inclining an insulator mounted onto the beam, wherein an actuator mounted to the
beam selectively rotates the insulator about a pivot, wherein the insulator is shown extending

perpendicularly from the beam.

Figure 9b is the view of Figure 9a with the actuator extended and the insulator
thereby pivoted about the pivot on the beam.

Figure 10ais, inside elévation view, a pair of insulators mounted on a hinge which
is mounted on one end of the beam, wherein the hinge is in its closed position so that the insulators
extend perpendicularly from the beam.

Figure 10b is the view of Figure 10a wherein the hinge has been pivoted about a
first pinned end and the open second ends of the hinge braced by a rigid link so as to incline the

insulators relative to the beam.
Figure 11 is, in perspective view, a static pick such as seen in Figure 6.

Detatled Description of Embodiments of the Invention

United States Patent No. 5,538,207 is incorporated herein by reference.

13
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The robotic arm 20 discussed herein is adapted to provide a very large range of |

motion for servicing, by the arm, of energized electrical high voltage lines or conductors. Robotic
arm 20 is mountable on the boom 22 of a service vehicle by means of a boom adaptor 24. Boom
adaptor 24 preferably includes an insulated section which mounts onto the upper end of boom 22.
This permits the use of non-insulated booms 22. A scissor-linkage 26 is interposed between boom
adaptor 24 and beam or upper frame 28 which preferably consists of an elongated tube and is
pivotally connected to the end of boom adaptor 24 by means of a pivot joint 30. Boom adaptor 24

is connected towards one end of upper frame 28.

Actuator 32 extends between boom adaptor 24 and upper frame 238 and is mounted

at one end to the upper frame 28 and at the other end to the. elbow '76a of scissor-linkage 26 for

is actuated

pwotmg hir 8a. One or more insulators 34 -may be moun ed‘on each hinge 28a. Hinges 28a

t s 34 to be for example laid flat along on top of, and flush against upper frame 28.

' In an alternative embodiment, robotic arm 20 may, although this is not intended to
be limiting, further include first and second telescoping arms 36, 38 which are telescopically
coupled to opposite ends of upper frame 28. As discussed further below, each telescoping arm 36,
38 is independently adjustable between a retracted position and an extended position coaxial with
upper frame 28. Movement of telescoping arms 36, 38 is preferably actuated by hydraulic
cylinders housed within upper frame 28. Alternatively, threaded rods powered by hydraulic

motors, worm gears, or other suitable mechanical actuators could be employed.
Insulators 34 are mounted as a parallel series or parallel array on the upper surface

of upper frame 28 and may also be mounted on telescoping arms 36, 38 if telescoping arms are

employed. Insulators may be mounted in pairs 34a, 34b and 34c or may be mounted singlely or in
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groups of more than two. A conductor holder 40 is mounted at the upper end of each insulator 34
for releasably coupling robotic arm 20 to a corresponding energized conductor. The number of
insulators 34 and corresponding conductor holders required depends upon the number of
transmission and/or distribution conductors in question. Further, the length of insulators 34; and
the coupling together, for example on pairs, of more than one insulator 34, is determined by the

mechanical arrangement of the conductors and the voltage level at which they are operating.

The centre conductor of a three phase transmission line often extends above the two
outside conductors. Accordingly, the centre insulator 34, that is, the insulator stack mounted
between the ends of upper frame 28 may be longer in length than the insulator stacks mounted on
the ends of the beam, for example on the ends of telescoping arms 36, 38 or an example may
consist of two insulators 42 bolted together for extra length. Insulators 34 preferably consist of

station class polymer insulators which are rated for all weather use.

Robotic arm 20 is controlled remotely by an operator so as to control the angular

position of upper frame 28 relative to the boom and boom adaptor, and the position of tel escoping .

arms 36, 38 if they are included. The control system may consist of hydraulic hose (not shown)
connected to the auxiliary port of the service vehicle hydraulic system and valving for controlling
the operation of hydraulic cylinder 32b. Alternatively, the operation of hydraulic cylinder 32b may

be remotely controlled by means of digital radio signals, fiber optic cables, or other suitable

insulated control means. The remote operator may be positioned for example in a bucket secured.

to the service vehicle boom on transmission tower, on the deck of the service vehicle, or on the

ground.

In operation, robotic arm 20 is first mounted on boom 22 of the service vehicle
described above. The hydraulic hoses (if any) are then connected to the auxiliary hydraulic port of
the service vehicle. The service is typically parked immediately undemeath or adjacent to the

support tower to be serviced. The truck boom 22 is extended to position arm 20 undernéath the
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energized transmission lines in question. If necessary, boom 22 may be rotated about the turret of

the service vehicle until the desired angular position of the boom relative to the vehicle is reached.

Depending upon the angle of boom 22 it may be necessary to actuate hydraulic
leveling cylinder 32 until upper frame 28 rotates about pivot joint 30 to a position immediately
underneath and parallel to the tower crossarm. Once in the level position, insulators 34 mounted
on upper frame 28 (and on telescoping arms 36, 38 if included) are positioned immediately
underneath the corresponding transmission lines. The angle, relative to upper frame 28, of the
conductor support posts including insulators 34 may be adjusted as better described below to assist

in positioning conductor holders 40 under the transmission lines.

Once boom 22 has been extended and conductor holders 40 positioned, linemen
working on the tower may then place each energized transmission line into a corresponding
conductor holder 40 mounted at the upper end of each insulator 24. Each conductor holder 40 is
first positioned below a corresponding conductor. Conductor holders 40 may for example be
rotatable about bearing adaptors for alignment with the corresponding conductor irrespective of

the orientation of boom 22.

Once the conductors are securely captured within a corresponding conductof holder

40, the linemen manually unties the conductors from the insulator mounted on the tower crossarm.
The conductors may then be raised well above the tower by extending boom 22. Additionally, the
outside conductor strands may be extended laterally away from the tower by either or both
extending telescoping arms 36, 38 if provided, and inclining end insulators 34 outwardly of upper
frame 28, by actuators which are independently controllable by actuating corresponding hydraulic
cylinders such as would be mounted within on or upper frame 28, or by manually adjusting the
extension and/or angling of the beam or insulators respectively. The distance between phases may
be extended from, for example, six feet to fourteen or fifteen feet to provide linemen with safe

working clearances even in the case of high voltage lines (for example greater than 100 kV).

12

16

Copy provided by USPTO from the IFW Image Database on 12/21/2012



10

15

20

25

Robotic arm 20 temporarily supports the weight of the conductors to enable
servicing of replacement of conductor support structures, such as the tower, insulators, or
crossarms by the linemen. After the required line maintenance has been completed, telescoping
arms 36, 38 are retracted to thereby return the outer conductor strands to their original position.
The truck boom 22 may the be lowered, if necessary, until upper frame 28 is positioned slightly
below the level of the crossarm. The conductors are then retied by the linemen to the tower
insulators and the conducting holder latching mechanisms on insulators 34 are opened to complete

the servicing procedure.

In some circumstances it is useful to adjust the angular position of robotic arm 20
during the conductor fastening procedure. For example, an outside conductor strand could be
connected to a corresponding ¢onnector holder 40 and insulator 34 mounted the end of upper
frame 28 or on a telescoping arm 36 or 38 while frame 28 is tilted at an angle or vertically, for
example to pick up outside conductors which are spaced apart vertically on a tower. Telescoping
arms 36, 38 could then be extended or the insulators angled away from the ends of upper frame 28
or arms 26, 38 to move the conductor a safe distance away from the tower to be serviced. Insome
situations, robotic arm, 20 could then be pivoted as described above until frame 28 is level with

the tower crossarm. The remaining conductor lines could be then coupled to robotic arm 20, if

necessary. This technique may be suitable, for example, if there is very little clearance between

the transmission tower and surrounding structures.

Distribution lines are often strung between support towers a short distance below
transmission lines. Both transmission lines and distribution lines may be supported on conductors

34 on upper frame 28.
When the boom truck moves from jobsite to jobsite, and for road travel, the boom

22 is retracted and laid flat down on the deck of the truck. To minimize the size of the retracted

load, which includes the boom 22, upper frame 28, and insulators 34, it is advantageous if the
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upper frame 28 and insulators 34 fold down onto the boom 22 so that the load on the boom truck is

as compact as possible.

When in operation, it is advantageous if the upper frame 28 may be articulated
across a large range of motion to thereby allow for situations where the boom truck has to park
some distance out from under the conductors to be serviced so that the boom 22 is extended at a
considerable angle off the vertical, as seen in figure 2, especially where, in order to pick for
example three vertically spaced apart conductors, the upper frame 28 has to be rotated to the

vertical as seen in figure 1.

In a preferred embodiment, an increased range of motion of upper frame 28 relative

to boom 22, is achieved by the use of scissor-linkage 26. The range of motion about pivot point

30 is indicated by angles “a” and B. Rigid linkage members 26b and 26c are pivotally pinned
together at elbow 26a. The opposite ends of linkage members 26b and 26¢ are pivotally pinned at
hinges 30a and 30b respectively, adjacent base end 28b of upper frame 28 and on the head 24a of
boom adapter 24. Linkage members 26b, 26c may be substantially the same length.

One end of actuator 32, illustrated to be the distal end of rod 32a (although this is
not intended to be limiting), is pivotally mounted to elbow 26a. The other end of actuator 32,
illustrated to be the base end of cylinder 32b, is pivotally mounted to upper frame 28, for example
adjacent distal end 28c.

Pivot joint 30 and hinge 30a may be mounted to a pair of mounting plates 42,
mounted one on each side of upper frame 28 at base end 28b. In one embodiment linkage members
26b and 26c are each a pair of parallel members spaced apart across the width of upper frame 28.
Elbow 26a is a pin or shaft joining the common ends of the pairs of members. The distal end of
rod 32a is mounted on the pin or shaft by collar 32¢. The base end of cylinder 32b is mounted to

upper frame 28 by a pair of plates 32d.
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By way the example of Figure 1, at the limit, or at almost the limit, of the extension
of actuator 32, angle B is approximately 20 degrees and angle a is approximately 160 degrees, and
scissor linkage 26 is at its most-open, or almost most-open, separation between hinges 30a and
30b. This positions upper frame 28 at the vertical, or substantially the vertical if boom 22 is closer
to the vertical, i.e., when the mounting plates 24b of boom adaptor 24 and/or the upper end of

boom 22 may interfere with the lowermost end of telescoping arm 38.

When it is desired to rotéte upper frame 28 from its vertical position seen in Figure
1 (that is, when in use the position to pick-up vertically spaced apart conductoré), to its folded
down position for storage and travel, actuator 32 is retracted thereby closing the separation of
scissor linkage 26 as seen in the progression of Figures 2 and 3. In Figure 3, boom 22 has been
lowered to horizontal, and the telescoping arms, if any, telescopically retracted if they were
extended, so as to lay the boom down on the deck of the boom truck. Upper frame 28 lies
substantially horizontally on and along boom 22. Manuaily pivotable insulators 34 are folded
down onto horizontal upper frame 28 by their pinned or bolted mounts being released, thereby
releasing base ends 34d from corresponding pairs of hingg plates 44 mounted on opposite sides of
upper frame 28 so that the base ends 34d may pivot about pivoting hinges 28a. Where insulators
34 are i;lclined by actuators such as actuators 46, illustrated by way of example in Figure 9, the

insulators are laid flat or substantially flat by the actuations of actuators 46.

Advantageously, when three or more insulators 34 are mounted on upper frame 28
and are to be folded or actuated down for storage or travel, the spacing between the base ends 34d
is sufficient to allow an adjacent pair of insulators 34 to fold down into an end-to-end alignment

such as seen in Figure 3,

Figures 4 and 5 show upper frame 28 in a horizontal position such as would be used
to pick-up horizontally spaced apart conductors. Figure 5 shows the use of optional rigid extension
members 46 mounted in oppositely disposed co-axial alignment to the opposite ends of

telescoping arms 36, 38 or of upper frame 28 when arms 36, 28 are not employed. Insulators 34
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Best Available Copy

are mounted at the outermost ends of the extension members to provide for situations where the
spacing between conductors in larger than the extendable range of telescoping arms 36 and 38 at
their maximum extension from upper frame 28, including the extra range afforded by angling

insulators 34 outwardly of the ends of the beam.

Static picks 46may be mounted to the main beam or upper frame 28 between the
support posts or insulators 34 so as to extend substantially perpendicularly from the beam, and
may also be mounted by second rotation couplings such as hinges 28a to, for example, pivot along
the beam.

Angular positioners such as actuators 46 may be mountégl:;.a';}ting between the posts 34
and/or picks 48 for adjusting the inclination angle C of the posts or p1 cks about the second rotation

coupling on the beam. The angular positioners trf_ay,be rigid pqsitii r example using links 29

of different lengths to selectively tip or pivot the posts or; ab

C such as for example 15°; 30°, 45°, etc.

e hinges open, that is, mounted

R

_ Altematively, instead of the use of links 29 haldin
between the open ends of the open hinges i.e. between the én‘éls 6f hinge plates 44 and base ends
34d, the hinges may be selectively pivoted between fheir open;most and their closed positions, or
otherwise the posts or picks may pivoted about their secoq;_i rotational couplings. The second
rotationally couplings may also include pinned joints, rotati.onal sleeves, shafts and bearings,
universal joints, ball-joints, etc (not shown) as would be known to those skilled in the art.
Actuators 46 may be for example hydraulic cylinders cooperating between the posts or picks and

the beam.
In the various embodiments, the support posts 34 may be single support posts 34 mounted

one post per hinge 28a or pivot, or the support posts 34 may be muitiple support posts, for

example, pairs of support posts mounted one pair or group of support posts per hinge 28a or pivot.

16

g(h'éir hinges 28a by set angles

z0

Copy provided by USPTO from the IFW Image Database on 12/21/2012



()

As will be apparent to those skilled in the art in the light of the foregoing
disclosure, many alterations and modifications are possible in the practice of this invention
without departing from the spirit or scope thereof. Accordingly, the scope of the invention istobe

construed in accordance with the substance defined by the following claims.
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WHAT IS CLAIMED IS:

A boom mountable robotic arm for temporarily supporting an elongate conductor

comprising:

a beam pivotally mounted on a boom mounting adaptor, said boom mounting adaptor

mountable onto an upper end of a boom,

at least two electrically insulated support posts mounted to and spaced apart along said

beam,
at least a first rotation coupling and second rotation couplings,

wherein said first rotation coupling provides said pivotal mounting of said beam on said
boom mounting adaptor so as to provide selectively controllable rotation of said beam
about a first axis of rotation, wherein said first axis of rotation extends laterally of and
between said beam and an upper end of said boom mounting adaptor for rotation of said

beam relative to said boom mounting adaptor in a substantially vertical plane,

and wherein said second rotation couplings provide selectively controllable rotation of said
at least two electrically insulated support posts about corresponding second axes of
rotation, and wherein said second axes of rotation include axes of rotation extending
substantially laterally across said beam at base ends of said support posts for rotation of
each said support post rel;ztive to and substantially along said beam, whereby positions of
said support posts are selectively adjustable between a retracted position substantially laid
flush along said beam and a pick-up position ready to receive a conductor being supported,
and wherein each post of said at least two electrically insulated support posts is adapted to

temporarily support an energized electrical conductor,

18
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and wherein a selectively actuable first actuator is mounted so as to cooperate between,
said beam and a scissor linkage mounted to said beam and said boom mounting adaptor for
selectively adjusting an angular position of said beam relative to said boom mounting
adaptor wherein said scissor linkage includes first and second linear members, each said
first and second linkage members having, respectively, opposite first and second ends, said
first ends of said first and second linkage members pivotally connected to one another, said
second ends of said first and second linkage members pivotally mounted to, respectively,
said beam and said boom mduntin g adaptor, said first actuator pivotally mounted at a first
end thereo\ftO said ﬁrst ends of said first and second linkage members, and a second end of

said first actuator, opposite said first end of said first actuator, mounted to said beam.

The boom mountable robotic arm of claim 1 wherein said boom is pivotable in an angular
displacement about said first rotation coupling by substantially 160 degrees relative to said
boom mounting adaptor, and wherein said angular displacement includes a substantially

horizontal orientation and a substantially vertical orientation.

The boom mountable robotic arm of claim 2 wherein said beam includes telescopic beam
extensions and a second actuator cooperating between said beam and said beam extensions
for selective lengthening of said beam, and wherein said support posts are mounted on

distal ends of said beam extensions.

The boom mountable robotic arm of claim 1 wherein said beam is a substantially linear
beam and wherein said at least two electrically insulated support posts include a pair of
insulated support. posts mounted one on each of opposite ends of said beam on a
corresponding pair of said second rotation couplings on said opposite ends of said beam,

said second rotation couplings having corresponding substantially parallel said second axes
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of rotation allowing distal ends of said pair of support posts, distal from said beam, to

rotate in a substantially vertical plane into said retracted positions.

The boom mountable robotic arm of claim 4 wherein said second rotation couplings each

include a hinge mounted to said beam.

The boom mountable robotic arm of claim 5 wherein each said hinge includes at least one
hinge plate, each said hinge plate having a plurality of bores therein for securing a

corresponding said pair of electrically insulated support posts thereto.

The boom mountable robotic arm of claim 6 wherein said'i)'ix;ge includes a hinge plate
having a fastener for securing said at least oné hinge plate in'an operating position in
which said electrically insulated support posts extend in said pick-up position and

substantially perpendicularly away from said beam.

The robotic arm of claim 1 wherein said beam includes a main beam member and an
extension member at at least one end of said main beam member, said extension member
extending so as to elongate said beam, and wherein at least one of said at least two
electrically insulated support posts are mounted on a distal end of said extension member,

distal from said main beam member.

The robotic arm of claim 8 wherein said extension member at at least one end of said main
beam member includes an oppositely disposed pair of said extension members, and
wherein at least one of said at least two electrically insulated support posts is mounted at

said distal end of each said extension member.
20
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10.

11,

13.

The robotic arm of claim 9 wherein said extension members extend from a collapsed
position to an extended position, and wherein said pair of support posts on said distal ends
of said extension members pivot on their corresponding said second rotation couplings so
as to fold 'along said main beam member when said extension members are in said

collapsed position.

The robotic arm of claim 10 wherein said extension members are telescopically mounted
within said main beam member, and wherein said pair of support posts on said distal ends
of said extension members pivot towards one another when pivoted about said second

rotation couplings into said retracted positions.

The robotic arm of claim 11 wherein a third said support post is mounted on said main
beam member, and wherein said third support post is pivotable about a corresponding
second rotation coupling so as to lay flush along said main beam member when in said
retracted position, and when in said retracted position sé.id third support post is
substantially co-linearly ali gped with and between said first and second support posts when

in their corresponding said retracted positions.

The robotic arm of claim 10 wherein said main beam member has opposite first and
second ends at distal ends thereof and defined a beam length there-between, and wherein
said first rotation coupling is adjacent said first end of said main beam member, and
wherein said second end of said first actuator is mounted adjacent to said second end of

said main beam member.
21
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14.

16.

17.

The robotic arm of claim 13 wherein said first actuator selectively extends between a
shortened length and a long length corresponding to retraction and extension of said first
actuator respectively, and wherein said first and second linkage members have
corresponding first and second lengths, and wherein said first or second lengths of said
first and second linkage members summed with said shortened length of said first actuator,

is substantially no Jonger than said beam length.

The robotic arm of claim 14 wherein, when said first actuator is said retracted into said
shortened length, said first actuator pulls on said first ends of said first and second linkage
members 5o as to reduce an included angle between said first and second linkage members
to thereby rotate said second end of said main beam member towards said boom mounting

adaptor.

The robotic arm of claim 15 wherein said boom mounting adaptor is elongate and wherein
first and second included angles are formed between said first end of said main-beam
member and said boom mounting adaptor and between said second end of said main beam
member and said boom mounting adaptor respectively, and wherein said first included
angle is increased and said second included angle is decreased as said second end of said

main beam member said rotates towards said boom mounting adaptor.

The robotic arm of claim 16 wherein when said first actuator is said retracted and thereby
in said shortened length, said included angle between said first and second linkage
members is minimized and said main beam member is rotated about said first rotation

coupling so as to be subsfantially flush along said linkage members, said first actuator, and
22
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said boom mounting adaptor, whereby said beam and said support posts may be compactly

stowed when the boom is in a lowered position.
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Abstract of the Disclosure

A boom mountable robotic arm for includes a beam pivotally mounted on a boom
mounting adaptor, at least two electrically insulated support posts mounted to and spaced apart
along the Beam, and at least a first rotation coupling and a plurality of second rotation couplings.
The first rotation coupling provides pivotal mounting of the beam on the boom mounting adaptor
so as to provide selectively controllable rotation of the beam in a substantially vertical plane. The
second rotation couplings provide selectively controllable rotation of the electrically insulated
support posts about corresponding second axes of rotation between a retracted position
substantially laid flush along the beam and a pick-up position ready to receive a conductor being
supported. An actuated scissor linkage is mounted to the beam and the boom mounting adaptor

for sglectively adjusting an angular position of the beam relative to the boom mounting adaptor.
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iPage 3 of 3]
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PTO/SBI02A (07-07)
Approved for use through 01/31/2014. OMB 06510032
U.8. Patent anc Trademark Office; U.S. DEPARTMENT OF COMMERCE

Unger the Panerwork Reduction Act of 1995. no persons are reguired 1 ressond 0 a collection of information uniess it comtains g valid OMB control number.

DECLARATION

ADDITIONAL INVENTOR(S)

Supplemental Sheet
Page 1 of 2

Name of Additional Joint Inventor, if any:

D- A petition has been filed for this unsigned inventor

Given Name (first and middie {if any))

Family Name or Sumame

DANISL NEIL ' 'CONN
P / / O'CONNELL
Inventor's f / /
Signatura %/ %/W pate /11 3 1L
L o3 Rl "R . ( 7
OUVER BRITISH COLUMB!A CANADA CANADIAN
Residence: City State Country Citizenship
RR 2, SITE 4. COMP. 7 N
Mailing Address
OLIVER BRITISH COLUMBIA VOH 170 CANADA
City State Zip Couniry

Name of Additional Joint inventor, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Surname

Inventor's . ' :

Signature - ;..;‘Date

Residence: City State Citizenship
Mailing Address

City State Zip Country

Name of Additional Joint Inventor, if any:

D A petition has been fiied for this unsigned inventor

Given Name (first and middie (if any))

Family Name or Surname

Inventor's

Signature Date

Residence: City State Country Cifizenship
Mailing Address

City State Zip : Country

This coltection of info-mation Is required oy 35 U.S.C. 115 and 37 CFR 1.83. The informatlion is required to obtain o~ refain a benefit by the public which is to file

(and by the USPTO to pracess) an application. Confidentiality is governed by 25 U.S.C. 122 an¢ 37 CFR 1.11 and 1.14, This collection is estimaied to take 21
minutes to complate, inchuding gathering, preparing, and submitting the completed application farm to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of tme you “equire to complete this form and/or suggestions for reducing this burden, shouid be sen: to the Chief Information
Officer, U.S. Paient and Trademark Office. U.S. Department of Commerce, P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETZD
FORMS TO THIS ADDRESS. SEND TO: Commissionsr for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTC-9199 (1-800-786-9199) and select option 2,
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PTOISBIOZB (07-07)
Approved for use through 01/31/2014. OMB 0651-0032
U S. Patent and Tradenark Offite; U.S. DEPA-\TMENT Or COMMERCE

DECLARATION - Supplemental Priority Data Sheet

Foreign applications:

Pricr Foreign Application ' Foreign Filing Date Priority Certified Copy Allached"
Number(s) Country (MM/DDIYY YY) Not Ciaimed YES

DDDDDDDDDDDDDDDDDD
DDBDDDDDDDDDDDDDDD
1 0000000000000 00000p

This coilection of nfonmation is raqulred py 35 U.S.C. *15 and 37 CFR 1.63. The information is required to obiain or retain a benafit dy the public which is to Rie

{and by the USPTO to p } an application, Confi Mylsgovemedbyasusc 122 ang 37 CFR 1.11 an¢ 1.34. This collection 5 estimated to take 21
minutes to complete, including ga\hering, preparing, and g the ion form o the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to comple\e this form andfor sl.og ! forr ing this . id be sent to the Chief Information

Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.0. Box 1450. Alexandria, VA 22313-145¢. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND T0: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you nead assistance in complsting the form, call 1-800-PTO-9199 (1-800-786-2199) and select opiion 2.

33

Copy provided by USPTO from the IFW Image Database on 12/21/2012



PTOISB/81 (11-08)
Approved for use through 11/30/2011. OM3 0651-0025
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act cf 1885 no parsons are seauired to respond to a coflection of information unless it disoleys a valid OMB controt number,

( POWER OF ATTORNEY Application Number \
OR Filing Date
REVOCATION OF POWER OF ATTORNEY .= femed nventor i
WITH A NEW POWER OF ATTORNEY 2
AND Art Unit
Examiner Name

GHANGE OF CORRESPONDENCE ADDRESS Attorey Docket Number | ACE 40525 .

| hereby revoke all previous powers of attorney given in the above-identified application.

D A Power of Attorney is submitted herewith.

| hereby appoint Practitioner(s) associated with the following Custorner 010361

Number as my/our attomey(s) or agent(s) {c prosecute the appfication
identified abova, and to transact ail business in the United States Patent
and Trademark Office connected therewith:

OR
D | hereby appoint Practitioner({s) named below as myjour attorney(s) or agent(s) to prosecuie the application identified above, and

to transact all business in the United States Patent and Trademark Office connected therewith:

Practitioner{s) Name © Registration Number

Please recognize or change the correspondence address for the above-identified application to:
D The address associated with the above-mentioned Customer Number.
OR Co

D The address associated with Customer Number:
OR
Firm or
individual Name
Address

Chy | Stae ] i Zip|
Country
Teiephone { Email |
| am the:

Applican¥inventor.
OR

Assignee of record of the entirz interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) (Farm PTO/S8/56) submilted herewith or filed on

SIGNATURE of Applicant or Assignee of Record

Signature %4 74 Date 73771
Name Clifiord Willlam Devine Telephone T

Title and Company
NQTE: Signstures of all e inventors or assignees of recore of the enilre i or their rep 9 } ere reguired. Submit mulliple forms i more than one
signature is required, see balow".

E “Total of a forms are submitted.

This collection of information is required oy 37 CFR 1.31. 1.32 and 1.33. The information is required to cbtain or retain a benefit by the public which is o file (and by the

USPTO to process) en application, Corfidentality is govermned by 35 U.S.C. 122 and 37 CFR 1.1% and 1.14. This coliection is esti d io take 3 mi 10 complsie,
including gathering, preparing, and submitting the compieted application form to the USPTO. Time will vaty depending upon the individual case. Any comments on
the amount of thme you require 1o campiete this form and/or suggestions for radusing this burden, shouid ba sent o the Chie? Informatian Officer, U.8. Patent and

Trademark Office. U.S. Depariment of Commerce, P.0. 30x 1450, Alexandria. VA 22313-1£50. DO NOT SSND FEES OR COMPLETED FORMS 7O THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

f you need assistance in completing the form. calt 1-800-FT0O-9189 anc select option 2.
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PTOISB/BT (11-08)
Approved for use through 1/30/2011. OMB 0€51-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

nder the Paperwork Reduclion Act of 1985, no persons are reguired to res > 2 eollection of information uniess it disolavs 3 vafid OMB control numbes.
Application Number \
( POWER OF ATTORNEY PP

OR Flling Date
First Named inventor DANNEL NERL O'CONNELL
REVOCATION OF POWER OF ATTORNEY -
WITH A NEW POWER OF ATTORNEY Title BOOMMOUNTABLEROSOTIC A
AND Art Unit
Examiner Name
GHANGE OF CORRESPONDENCE ADDRESS Rttorrsy Docket Nimber | ACE 40572

1 hereby revake all previous powers of attorney given in the above-identified application.

D A Power of Attorney is submitied herewith.
OR
| hereby"appoint Practitioner(s) associated with the following Customer 010351
Number as mylour attorney(s) or agent{s) to prosecute the appfication
identified above, and to transact all business in the United States Patent
and Trademark Office connected therewith:

OR
D 1 hereby appoint Practitioner(s) named below as mylour attamey(s) or agen(s) ta prosecute the application identified above, and

to transact all business in the United Stales Patent and Trademark Office connected therewith:

Practitionat(s) Name Registration Number

Please recognize or change the correspondence address for the above-identified application to:

[:! The address associated with the above-mentioned Customer Number.
OR

D The address associated with Customer Number:
OR

Firm or
individual Name

Address

City [ State ] [ Zip ]
Country
Telephone | Email |
{ am the:
E Applicant/inventor.

OR

Assignee of record of the entire interest. See 37 CFR 3.71. ,
Statement under 37 CFR 3.73(b) (Form PTO/S8/96) submilted h;fawilh or filed on

—— f URE ,W’T'PZ“ or Assignee of Record )
Signature 7/ /7 Date filz ]y
Name Dol Ned O'Connell 77 v Telephone s

Tile and Company

NOTE. Signatures of all the inventors or assignees of record of the entire or their tep ive(s) are 1equired. Submit muitipie forms ¥ mare thar one
signature is required, see below®, )

Towmlof___¢X____forms are submitted.

This collection of infi fon Is requized by 37 CFR 4.31, 1,32 ans 1.32. Tae mformation is required to odtaia or reiain a benefit by the public which is to file {and by the
USPTO to process) an apt ion, C iality is ¢ d by 35 ).§.C. 122 and 37 CFR 1.11 and 1.14. This callection is estimated to take 2 minutes to complete,
inclucing gathering, preparing, and subrmitting the completed apglication form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form andsor suggestions for recucing this turden, shouks be sent to the Chief Information Officer. U.S. Patent ang

Tragemark Office. U.S. Department of Commerce, 2.0, Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

i you need assistance in completing the form, call i-800-PTO-8199 and select opfion 2.
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TRADUCCION SIMPLE REALIZADA POR SHARON BENREY PACHECO DE UN DOCUMENTO
ESCRITO ORIGINALMENTE EN INGLES.

LOS ESTADOS UNIDOS DE AMERICA
A TODOS LOS QUE LA PRESENTE VIEREN, SABED:
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS
Oficina de Marcas y Patentes de los Estados Unidos

31 de diciembre de 2012

POR MEDIO DE LA PRESENTE SE CERTIFICA QUE EL DOCUMENTO QUE FIGURA
EN ANEXO ES UNA COPIA FIEL TOMADA DE LOS ARCHIVOS DE LA OFICINA DE
MARCAS Y PATENTES DE LOS ESTADOS UNIDOS, DE AQUELLOS DOCUMENTOS
DE LA SOLICITUD DE PATENTE IDENTIFICADA A CONTINUACION QUE CUMPLIO
CON LOS REQUISITOS PARA OTORGARSELE UNA FECHA DE PRESENTACION
BAJO 35 USC 111.

NUMERO DE SOLICITUD: 13/374,057
FECHA DE PRESENTACION: 09 de diciembre de 2011

EL CODIGO DEL PAfS Y EL NUMERO DE SU SOLICITUD DE PRIORIDAD, A
USARSE PARA LA PRESENTACION EN EL EXTRANJERO BAJO LA CONVENCION
DE PARIS, ES US13/374,057

Con autorizacién del
Subsecretario de Comercio para la Propiedad Intelectual y
Director de la Oficina de Marcas y Patentes de los Estados Unidos

(Firma ilegible)
‘'R. PONDEXTER
Oficial de Registro

Sello:
OFICINA DE MARCAS Y PATENTES DE LOS ESTADOS UNIDOS
DEPARTAMENTO DE COMERCIO

1d.239020/WPC19746
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NOVEDAD DE LA INVENCION

REIVINDICACIONES

1.- Un brazo robotico montable en una pluma para soportar
temporalmente un conductor alargado que comprende: una viga montada en
pivote en un adaptador de montaje de pluma, dicho adaptador de montaje de
pluma se monta en un extremo superior de una pluma, al menos dos postes
de soporte eléctricamente aislados montados a y separados a lo largo de
dicha viga, al menos un primer acoplamiento de rotacion y segundos
acoplamientos de rotacién, en donde dicho primer acoplamiento de rotacion
proporciona dicho montaje en pivote de dicha viga en dicho adaptador de
montaje de pluma para proporcionar rotacion selectivamente controlable de
dicha viga alrededor de un primer eje de rotacion, en donde el primer eje de
rotacion se extiende lateralmente de y entre dicha viga y un extremo superior
de dicho adaptador de montaje de pluma para rotacién de dicha viga con
relacion a dicho adaptador de montaje de pluma en un plano sustancialmente
vertical, y en donde dichos segundos acoplamientos de rotaciéon proporcionan
rotacién selectivamente controlable de al menos dos postes de soporte
eléctricamente aislados alrededor de los segundos ejes de rotacion
correspondientes, y en donde dichos segundos ejes de rotacion incluyen ejes

de rotacion que se extienden sustancialmente en forma lateral a traves de

- dicha viga en los extremos base de dichos postes de soporte para rotacion de

cada uno de los postes de soporte con relacion a y sustancialmente a lo largo
de dicha viga, por lo que las posiciones de dichos postes de soporte se
ajustan selectivamente entre una posicion replegada sustancialmente nivelada
a lo largo de dicha viga y una posicidén de recoleccidn lista para recibir a un

conductor que se soporta, y en donde cada poste de al menos dos postes de
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soporte eléctricamente aislados se adaptan para soportar temporalmente un
conductor eléctrico energizado, y en donde un primer accionador
selectivamente accionable se monta para cooperar entre, dicha viga y una
conexion de tijera montada a dicha viga y dicho adaptador de montaje de
pluma para ajustar selectivamente una posicién angular de dicha viga con
relacion a dicho adaptador de montaje de pluma en donde dicha conexién de
tijera incluye primeros y segundos miembros lineales, cada dicho primer y
segundo miembros de conexidn tienen, respectivamente, primeros y segundos
extremos opuestos, dichos primeros extremos de dicho primer y segundo
miembros de conexién conectados en pivote entre si, dichos segundos
extremos de dicho primer y segundo miembros de conexion montados en
pivote a, respectivamente, dicha viga y dicho adaptador de montaje de pluma,
dicho primer accionador montado en pivote en un primer extremo del mismo a
dichos primeros extremos de dicho primer y segundo miembros de conexién, y
un segundo extremo de dicho primer accionador, opuesto a dicho primer
extremo de dicho primer accionador, montado a dicha viga.

2.- El brazo robético montable en una pluma de conformidad con
la reivindicaciéon 1, caracterizado ademas porque dicha pluma se mueve en
pivote en un desplazamiento angular alrededor de dicho primer acoplamiento
de rotacion sustancialmente 160 grados con relacién a dicho adaptador de
montaje de pluma, y en donde dicho desplazamiento angular incluye una
orientacion sustancialmente horizontal y una orientacion sustancialmente
vertical.

3.- El brazo robético montable en una pluma de conformidad con
la reivindicacion 2, caracterizado ademas porque dicha viga incluye
extensiones de viga telescopica y un segundo accionador que coopera entre

dicha viga y dichas extensiones de viga para alargamiento selectivo dicha
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viga, y en donde dichos postes de soporte se montan en extremos distales de
dichas extensiones de viga.

4 .- El brazo roboético montable en una pluma de conformidad con
la reivindicacion 1, caracterizado ademas porque dicha viga es una viga
sustancialmente lineal y en donde al menos dos postes de soporie
eléctricamente aislados incluyen un par de postes de soporte aislados
montados uno en cada uﬁo de los extremos opuestos de dicha viga en un par
correspondiente de dichos segundos acoplamientos de rotacion en dichos
extremos opuestos de dicha viga, dichos segundos acoplamientos de rotacion
tienen correspondientemente paralelos en forma sustancial dichos segundos
ejes de rotacion que permiten que los extremos distales de dicho par de
postes de soporte, distales de la viga, giren en un plano sustancialmente
vertical en dichas posiciones replegadas.

5.- El brazo robotico montable en una pluma de conformidad con
la reivindicacion 4, caracterizado ademas porque dichos segundos
acoplamientos de rotacién cada uno incluye una articulacion montada a dicha
viga.

6.- El brazo roboético montable en una pluma de conformidad con
la reivindicacion 5, caracterizado ademas porque cada articulacion incluye al
menos una placa de articulacion, cada placa de articulacidn tiene una
pluralidad de agujeros en la misma para asegurar un par correspondiente de
postes de soporte eléctricamente aislados en [a misma.

7.- El brazo robédtico montable en una pluma de conformidad con
la reivindicacién 6, caracterizado ademas porque dicha articulacién incluye
una placa de articulaciéon que tiene un sujetador para asegurar al menos una
placa de articulacién en una posicidén de operacién en donde dichos postes de
soporte eléctricamente aislados se extienden en dicha posicion de recoleccion

y sustancialmente en forma perpendicular lejos de dicha viga.

50



10

15

20

25

26

8.- El brazo robdtico de conformidad con la reivindicacion 1,
caracterizado ademas porque dicha viga incluye un miembro de la viga
principal y un miembro de extension en al menos un extremo de dicho
miembro de la viga principal, dicho miembro de extension se extiende para
alargar dicha viga, y en donde al menos uno de dichos al menos dos postes
de soporte eléctricamente aislados se monta en un extremo distal de dicho
miembro de extension, distal desde el miembro de la viga principal.

9.- El brazo robdtico de conformidad con la reivindicacion 8,

caracterizado ademas porque el miembro de extension al menos en un

extremo de dicho miembro de la viga principal incluye un par opuestamente
colocado de dichos miembros de extension, y en donde al menos uno de
dichos al menos dos postes de soporte eléctricamente aislados se monta en
un extremo distal de cada dicho miembro de extension.

10.- El brazo robético de conformidad con la reivindicacion 9,
caracterizado ademas porque dichos miembros de extension se extienden
desde una posicion colapsada a una posicion extendida, y en donde dicho par
de postes de soporte en dichos extremos distales de dichos miembros de
extensidn se mueven en pivote en sus segundos acoplamientos de rotacion
correspondientes para plegarse a lo largo de dicho miembro de la viga
principal cuando dichos miembros de extension estan en dicha posicion
colapsada.

11.- El brazo robético de conformidad con la reivindicacién 10,
caracterizado ademas porque dichos miembros de extensidon se montan

telescopicamente dentro de dicho miembro de la viga principal, y en donde

dicho par de postes de soporte en dichos extremos distales de dichos

miembros de extensién se mueven en pivote uno hacia el ofro cuando se
mueven en pivote alrededor de dichos segundos acoplamientos de rotacién en

dichas posiciones replegadas.
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12.- El brazo robético de conforfnidad con la reivindicacion 11,
caracterizado ademas porque dicho tercer poste de soporte se monta en dicho
miembro de la viga principal, y en donde dicho tercer poste de soporte se
mueve en pivote alrededor de un segundo acoplamiento de rotacion
correspondiente para permanecer nivelado a lo largo de dicho miembro de la
viga principal cuando estd en la posicion replegada, y cuando en dicha
posicion replegada dicho tercer poste de soporte se alinea sustancialmente en
forma colineal con y entre dicho primer y segundo postes de soporte cuando
estan en sus posiciones replegadas correspondientes.

13.- El brazo robético de conformidad con la reivindicacion 10,
caracterizado ademas porque dicho miembro de la viga principal tiene
primeros y segundos extremos opuestos en los extremos distales del mismo y
definen una longitud de la viga entre los mismos, y en donde dicho primer
acoplamiento de rotacion esta adyacente a dicho primer extremo de dicho
miembro de la viga principal, y en donde dicho segundo extremo de dicho
primer accionador se monta adyacente a dicho segundo extremo de dicho
miembro de la viga principal.

14.- El brazo rohoético de conformidad con la reivindicacion 13,
caracterizado ademas porque dicho primer accionador se extiende
selectivamente enfre una longitud acortada y una longitud larga que
corresponde al repliegue y extension de dicho primer accionador
respectivamente, y en donde dicho primer y segundo miembros de conexion
tienen primeras y segundas longitudes correspondientes, y en donde dichas
primeras y segundas longitudes de dicho primer y segundo miembros de
conexion se integran con dicha longitud acortada de dicho primer accionador,
no son sustancialmente mas largas que dicha longitud de la viga.

15.- El brazo robético de conformidad con la reivindicaciéon 14,

caracterizado ademas porque, cuando dicho primer accionador es replegado
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en dicha longitud acortada, dicho primer accionador se jala en dichos primeros
extremos de dicho primer y segundo miembros de conexion para reducir un
angulo incluido entre dicho primer y segundo miembros de conexiéon para
hacer girar asi dicho segundo extremo de dicho miembro de la viga principal
hacia dicho adaptador de montaje de pluma.

16.- El brazo robdtico de conformidad con la reivindicacion 15,
caracterizado ademas porque dicho adaptador de montaje de pluma se alarga
y en donde los primeros y segundos angulos incluidos se forman entre dicho
primer extremo de dicho miembro de la viga principal y dicho adaptador de
montaje de pluma y entre dicho segundo extremo de dicho miembro de la viga
principal y dicho adaptador de montaje de pluma respectivamente, y en donde
dicho primer angulo incluido se incrementa y dicho segundo angulo incluido
disminuye a medida que dicho segundo extremo de dicho miembro de la viga
principal gira hacia dicho adaptador de montaje de pluma. |

17.- El brazo robédtico de conformidad con la reivindicacion 16,
caracterizado ademas porque cuando dicho primer accionador es replegado y
de esta manera esta en dicha longitud acortada, dicho angulo incluido entre
dicho primer y segundo miembros de conexion se reduce al minimo y dicho
miembro de la viga principal se hace girar alrededor de dicho primer
acoplamiento de rotacién para nivelarse sustancialmente a lo largo de dichos
miembros de conexion, dicho primer accionador, y dicho adaptador de montaje
de pluma, por lo que dicha viga y dichos postes de soporte pueden estibarse

de manera compacta cuando la pluma esta en una posicion hacia abajo.
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