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MECHANICAL ROBOT ARM ASSEMBLY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/420,212 filed on Nov. 10, 2016
and entitled MECHANICAL ROBOT ARM ASSEMBLY,
the disclosure of which is hereby incorporated by reference.

FIELD OF INVENTION

[0002] The present invention generally relates to the field
of mechanically controlled directional devices and more
specifically to a unique snake shaped mechanically con-
trolled arm capable of utility across numerous fields of use.

BACKGROUND

[0003] Endoscopic surgery or therapeutic endoscopy (as
opposed to diagnostic endoscopy) is a quickly growing area
of' medicine. Patients prefer endoscopic surgeries because of
their minimally-invasive nature, clinics and hospitals prefer
these surgeries because they increase patient throughput,
and healthcare payers prefer these surgeries because they
cost less compared to open and laparoscopic surgeries.
[0004] The requirements for training physicians to per-
form procedures using current scope technology, however,
limits the penetration of therapeutic endoscopy. For
example, endoscopic suturing requires approximately 20
monitored cases and endoscopic removal of gastric carci-
noma requires approximately 100 monitored cases before a
physician feels comfortable with the procedure.

[0005] Current endoscope technology has not changed
much since it was first developed in the 1960s. By and large,
the scope consists of a narrow, distal insertion section and a
proximal hand-control section. The most distal portion of the
scope is controlled by guidewires that run the length of the
scope and that cause motion in the plane perpendicular to the
general axis of the scope. However, this type of design
suffers from numerous drawbacks.

[0006] One drawback that typical endoscope designs suf-
fer from is lack of full and accurate spatial control. Typical
endoscopes utilize a flexible scope that relies on being
pushed forward and flexing with the geometry of the tube or
cavity in which it is located. However, in a larger cavity it
is often difficult to place the tip or tool of the endoscope in
a desired location because fine spatial movement of the
endoscope tip is difficult to control.

[0007] Outside of the medical field, other types of scopes,
mechanical snakes, and robotic arms are designed to maneu-
ver in unique and remote spatial areas. For example, indus-
trial applications, such as in manufacturing or three-dimen-
sional printing, robotic arms are commonly used to spatially
maneuver to desired coordinates. However, in some appli-
cations, environmental conditions, such as heat or moisture,
are not conducive to electronics within the robotic arm.
[0008] Accordingly, an improved mechanical robotic arm
is needed in the industry.

SUMMARY

[0009] A mechanical arm assembly is generally presented.
The mechanical arm assembly comprises a plurality of joints
including a first joint, one or more intermediate joints, and
a terminal joint connected in consecutive series and each
configured to rotate with respect to any respective adjacent
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joints. FEach joint includes a base, a top, and a sidewall
interconnecting the base and the top.

[0010] In an embodiment, a normal plane of each joint is
defined as generally perpendicular to the sidewall, and the
base and top each are arranged at an angle with respect to the
normal plane. The first joint is configured with its base
generally parallel to its normal plane, and its top at an angle
between 10 and 80 degrees with respect to its normal plane.
The intermediate joints are configured with their bases at an
angle between 10 and 80 degrees in a first direction with
respect to their normal plane and their tops at an angle
between 10 and 80 degrees in a second direction, opposite
the first direction, with respect to its normal plane. The
terminal joint is configured with its base at an angle between
10 and 80 degrees with respect to its normal plane and its top
generally parallel to its normal plane and its top.

[0011] The mechanical arm assembly may include a head
protruding from the base of each or some of the joints and
an opening in the top of each or some of the joints. The head
may be configured to be inserted into the opening in the top
of the respective adjacent intermediate or base joint. A
bearing may be positioned around the head and configured
to insert into the opening in the top of each respective
adjacent intermediate and first joint to form a rotational
connection between adjacent joints.

[0012] The mechanical arm assembly may include one or
more control wires connected to the joints and configured to
control the rotational movement of the joints to alter the
shape and spatial configuration of the mechanical arm
assembly.

[0013] In an embodiment, an end tool, such as a camera,
medical device, or the like, may be connected to the terminal
joint.

[0014] In an embodiment, the base may include an open-
ing that extends through the inner volume and through the
top. The one or more control wires may each extend through
the opening of each intermediate joint between the con-
trolled joint and the first joint and through the opening in the
first joint.

[0015] In an embodiment, one or more control wires
includes a knot therein. The head may include a divot and
the knot may be positioned in the divot of each correspond-
ing head. Each respective bearing may be positioned around
the respective heads to hold the control wires in place.
[0016] In an embodiment, the mechanical arm assembly
may include a disc having a hole therein and positioned
around the head such that the head protrudes through the
hole. The disc may be configured to be rotatable with respect
to the head. One or more control wires may pass through a
disc on a given controlled joint, with each control wire
extending toward the first joint and positioned exterior to
each joint in the mechanical arm assembly. The disc may
include one or more through-holes, and the one or more
control wires may be routed through respective through-
holes. A channel may be located adjacent to or integral with
the through holes and configured to guide the control wires
toward the head. The control wires may be wound around
the head 1-4 times to facilitate rotation of the joint when
tension is applied to the control wires.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The operation of the invention may be better under-
stood by reference to the detailed description taken in
connection with the following illustrations, wherein:
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[0018] FIG. 1 illustrates a robot arm assembly in a linear
formation;
[0019] FIG. 24 illustrates a bottom-front perspective view

of a joint of the robot arm assembly;

[0020] FIG. 25 illustrates a bottom-rear perspective view
of a joint of the robot arm assembly;

[0021] FIG. 3 illustrates a top-front perspective view of a
joint of the robot arm assembly;

[0022] FIG. 4 illustrates an assembly view of two joints
and a bearing;

[0023] FIG. 5 illustrates a joint having an attached bear-
mg;

[0024] FIG. 6 illustrates a side view of a first joint;
[0025] FIG. 7 illustrates a side view of an intermediate
joint;

[0026] FIG. 8 illustrates a side view of a terminal joint;
[0027] FIG. 9 illustrates the robot arm assembly in a

multi-curved formation;

[0028] FIG. 10 illustrates the robot arm assembly in ret-
roflexion;

[0029] FIG. 11 illustrates a joint having attached internal
control wires;

[0030] FIG. 12 illustrates the robot arm assembly with
attached external control wires;

[0031] FIG. 13 illustrates the rotatable disc for external
attachment of the control wires; and

[0032] FIG. 14 illustrates an intermediate joint with exter-
nally attached control wires.

DETAILED DESCRIPTION

[0033] Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. It is to be
understood that other embodiments may be utilized and
structural and functional changes may be made without
departing from the respective scope of the invention. More-
over, features of the various embodiments may be combined
or altered without departing from the scope of the invention.
As such, the following description is presented by way of
illustration only and should not limit in any way the various
alternatives and modifications that may be made to the
illustrated embodiments and still be within the spirit and
scope of the invention.

[0034] A mechanically controlled arm 10 is generally
presented, as shown in FIG. 1. The arm 10 is configured to
navigate a spatial opening such as a cavity, tubular space, or
the like.

[0035] As illustrated in FIGS. 1-11 the arm 10 may
comprise a plurality of joints 12. The joints 12 may be
formed of any appropriate material, such as plastic, polymer,
and the like. The joints 12 may interconnect to form the arm
10 having a length defined between a proximal end 14 and
a distal end 16. The joints 12 may rotationally interconnect
to one another to allow the arm 10 to navigate a spatial
region, as described in further detail below.

[0036] Each joint 12 may be generally cylindrically
shaped, having a base 18, a top 20, and an outer wall 22. The
base 18 may comprise a generally flat, solid surface at the
proximal end of the joint 12. A head 24 may protrude from
the surface of the base 18 outwardly, away from the joint 12
in a direction perpendicular to the base 18. The head 24 may
be generally cylindrically shaped and configured to inter-
connect with and provide a rotational connection with an
adjacent joint 12, as described in further detail below.
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[0037] The head 24 may be configured to receive a bearing
26 thereon to facilitate the rotational engagement between
adjacent joints 12. For example, the head 24 may include or
be divided into an upper portion 28 and a lower portion 30.
The upper and lower portions 28, 30 of the head may be
separated by a ledge, such as a ledge that protrudes outward
from the head 24 or a ledge formed by the upper portion 28
having a larger diameter than the lower portion 30. The
lower portion 30 may be configured to receive a bearing 26
thereon. The bearing 26 may be formed of any appropriate
material such as a metal. The bearing 26 may be circular or
ring-shaped having an opening sized and shaped to receive
the lower portion 30 there-through. When seated on the head
24, the bearing 26 may be positioned near the ledge, leaving
the space of the upper portion 28 open between the bearing
26 and the base 18, as shown in FIG. 5. The bearing 26 may
include an inner surface configured to connect to the lower
portion 30 by a compression fit, snap fit, or the like, and an
outer surface configured to rotate with respect to the inner
surface.

[0038] The top 20 of the joint 12 may be generally open
providing access into the inner volume 32 of the cylindrical
joint 12. For example, the top surface 20 may comprise a
ring, circular, or ovular surface at the distal end of the
cylindrical body of the joint 12. In some embodiments, the
top surface ring 20 may be angled with respect to the base
18, such as non-parallel to the base 18, as shown in the FIG.
3 and described in further detail below. The top 20 may
define an opening to the inner volume 32, which may be
sized and shaped to receive the bearing 26 and head 24 of an
adjacent joint 12 therein. Specifically, the inner volume 32
may be sized and shaped to receive and retain a bearing 26
in a compression fit to provide a rotational connection
between adjacent joints 12. For example, the interior perim-
eter of the inner volume may include one or more snap posts
39, such as four snap posts 39 equally spaced about the top
opening into the interior volume 32. Each snap post 39 may
comprise a protrusion configured to hold the bearing 26 in
a compression or snap fit within the inner volume 32.

[0039] The head 24 may include an opening 34 therein.
The opening 34 may be positioned at the end of the head and
may extend through the head 24 into the inner volume 32 of
the joint 12. The head 24 may further include a through hole
36 and a divot 38. As shown in FIG. 2, the through hole 36
and divot 38 may be located at appropriate positions around
the outer circumference of the head 24, such as positioned
opposite one another on a circular head 24. The through hole
36 may comprise an indentation into the lower portion 30
and extending as an opening through the upper portion 28
into the inner volume 32 of the joint 12 The through hole 36
may extend through the inner volume forming a recess 37 in
the inner wall of the joint 12. The recess 37 may extend all
the way to the top 20, as shown in FIG. 3. The divot 38 may
comprise an indentation in the lower portion 30 that termi-
nates at or near the intersection of the upper portion 28 and
lower portion 30.

[0040] When seated on the head 24, the bearing 26 may
cover an outer portion of the through hole 36 and divot 38,
leaving a bottom portion of each exposed at the proximal
end of the lower portion 30.

[0041] Inanembodiment, the arm 10 comprises a plurality
of joints 12 having a variety of angular designs. As shown
in FIGS. 6-10, the arm 10 may comprise a first joint 40, one



US 2018/0126564 Al

or more intermediate joints 42, and a terminal joint 44. Each
type of joint 40, 42, 44 may include a different geometry,
described below.

[0042] The joints 12 may have a generally cylindrical
shape. As shown in FIGS. 6-8, the first joint 40, intermediate
joints 42, and terminal joint 44 may all include a theoretical
normal plane 46. The normal plane 46 is defined as the plane
that is oriented perpendicular to the outer walls 22 of each
joint 12. For cylindrical joints 12 the normal plane 46 is
defined as also perpendicular to the axis of the cylinder. The
base 18 and top 20 may be arranged at a given angle with
respect to the normal plane 46. For example, the base 18 or
top 20 may be parallel to the normal plane 46 or arranged at
a specified angle with respect thereto, as shown in the
drawings and described below.

[0043] A firstjoint 40 is illustrated in FIG. 6. The first joint
40 includes a base 18 that is generally parallel to its normal
plane 46. The top of the first joint 40 is angled with respect
to the normal plane 46. For example, the top 20 of the first
joint 40 may be arranged at an angle of 22.5 degrees with
respect to the normal plane 46. However, it will be appre-
ciated that the top 20 of the first joint 40 may be arranged at
any appropriate angle with respect to the normal plane 46,
such as between 10 degrees and 80 degrees.

[0044] An intermediate joint 42 is illustrated in FIG. 7.
Both the base 18 and top 20 of the intermediate joint 42 are
arranged at an angle with respect to the normal plane 46. In
an embodiment shown in FIG. 7, the top 20 and base 18 may
be arranged at opposite angles with respect to the normal
plane 46. For example, the base may be arranged at an angle
of'22.5 with respect to the normal plane 46 in a first direction
and the top 20 may be arranged at an angle of 22.5 degrees
with respect to the normal plane 46 in a second direction.
However, it will be appreciated that both the base 18 and top
20 of the intermediate joint 42 may be arranged at any
appropriate angle with respect to the normal plane 46.
[0045] A terminal joint 44 is illustrated in FIG. 8. The
terminal joint 44 includes a top 20 that is generally parallel
to its normal plane 46. The base 18 is angled with respect to
the normal plane 46. For example, the base 18 of the
terminal joint 44 may be arranged at an angle of 22.5 degrees
with respect to the normal plane 46. However, it will be
appreciated that the base 18 of the terminal joint 44 may be
arranged at any appropriate angle with respect to the normal
plane 46.

[0046] The first joint 40, one or more intermediate joints
42, and a terminal joint 44 may be connected together to
form an arm 10. The geometry of the arm 10 and spatial
relation between the first and terminal joints 40, 44 may be
manipulated by rotating adjacent joints, as shown in FIGS.
1, 9, and 10.

[0047] The joints 12 of the arm 10 may be controlled
mechanically by a series of control wires 50. For example,
a control wire or wires 50 may be connected to each joint 12
to control rotation of the joint 12 and thus the geometry of
the arm 10. The control wires 50 may be formed of any
appropriate flexible material, such as monofilament, braid,
or steel wire.

[0048] The control wire 50 for each joint may comprise a
knot or fixed nodule. For example, a knot may be tied in a
single control wire 50 or formed by tying two control wires
50 together. The knot may be located near the middle of the
control wire 50 leaving approximately equivalent ends of the
control wire 50 extending from each side of the knot. To
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attach the control wire to the joint 12, the knot may be placed
in the divot 38 prior to connecting the bearing 26. The
bearing 26 may then be placed onto the lower portion 30
thereby securing the knot in the divot 38 and attaching the
control wire 50 to the joint 12. The two ends of the control
wire 50 may then be wrapped around the portion of the head
24 between the bearing 26 and the base 18 to connect the
control wire 50 to the joint 12. The control wire ends 50 may
be wound in opposite directions, such as wound 1-4 times
around the head to form a winding 51 as shown in FIG. 11,
leaving long ends of the control wire 50. The control wire
ends may then be inserted through the recess 37 of the
adjacent joint 12 and down the adjacent joint’s through hole
36 into its inner volume 32. From the adjacent joint’s inner
volume 32, the control wires 50 may then be routed through
the opening 34 in the head 24 of the next adjacent joint 12
and through the openings 34 and inner volumes 32 of any
remaining joints until routed entirely through the arm 10.

[0049] In an embodiment, the control wires 50 may be
routed external to the arm 10 instead of internal, as described
above. For example, a disc 52 may be positioned between
two adjacent joints, as shown in FIGS. 12-14. A disc 52 may
be located between each, some, or none of the adjacent joint
in the set.

[0050] The disc 52 may have any appropriate shape, such
as circular or ovular, with one or more portions of the disc
protruding from the general footprint of the joint 12 that it
is connected to. The discs 52 may have an opening or hole
therein such that it includes an inner diameter defined as the
diameter of the hole and an outer diameter defined as the
diameter of the disc 52. The inner diameter of the disc 52
may be larger than the outer diameter of the head 24, and the
outer diameter of the disc 52 may be larger than the diameter
of'the top 20 of the joint 12 such that at least a portion of the
disc 52 extends beyond the footprint of the joint 12. The disc
52 may be positioned with the head 24 of the joint 12
extending through the opening to allow the disc 52 to rotate
with respect to the head 24.

[0051] One or more through-holes 52 may be located on
the disc 52 external to the joint 12 to allow connection and
passage of the control wires 50. The through-holes 54 may
include channels 56 that guide the control wires 50 to the
appropriate space between the joint. These control wires 50
may be wrapped or wound around the portion of the head 24
between the bearing 26 and the base 18 in opposite direc-
tions 1-4 times, then routed through the space between
adjacent joints to be external to the arm 10. To prevent the
control wires 50 from crossing when the joints are turning,
the disc 52 can rotate within the space between adjacent
joints. Springs between the discs can be used to facilitate the
rotation.

[0052] In an embodiment, the control wires 50 may con-
nect to the joint 12 in a gear/belt fashion. For example, the
wires 50 may comprise a belt having teeth to engage a gear.
The head 24 may further include teeth configured to mate
with the teeth of the belt. The belt and head may be mated
such that movement of the belt rotates the joint 12 as desired.

[0053] In use, the arm 10 may be controlled through
mechanical movement of the control wires 50 to control the
rotation of each joint 12. For example, each joint may
include two control wires 50, as described above. The first
control wire may be pulled to rotate the joint 12 in a first
direction and the second control wire 50 may be pulled to
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rotate the joint 12 in the opposite direction. The angled faces
of the various joints 12 may allow the arm 10 to then take
the desired shape.
[0054] It will be appreciated that the arm may be attached
to a controlling mechanism. For example, the control wires
50 may be connected to controlling devices, such as motors
or actuators, to measurably move the control wires 50 of
each joint 12 to achieve the desired formation of the arm 10.
It will be appreciated that the controlling mechanism main-
tains the tautness of each of the control wires 50. For
example, tautness of control wires 50 for each joint 12 can
be maintained by mechanical or electrical devices, such as
springs or motors.
[0055] It will be appreciated that the arm may be easily
attachable and detachable from a controlling mechanism.
For example, the arm may be snap fit into the controlling
mechanism to allow for disposability, cleaning, or inter-
changeability of the arm.
[0056] An end tool (not shown) may be connected to the
terminal joint 44. The end tool may comprise any useful tool
that may utilize the spatial navigation of the arm 10. The end
tool may comprise a medical device, camera, or any other
mechanical or electrical tool or other form of tool. Control
wires, such as mechanical or electrical control wires, from
the end tool may be routed through the arm in the same
manner the arm control wires 50 are routed.
[0057] Although the embodiments of the present invention
have been illustrated in the accompanying drawings and
described in the foregoing detailed description, it is to be
understood that the present invention is not to be limited to
just the embodiments disclosed, but that the invention
described herein is capable of numerous rearrangements,
modifications and substitutions without departing from the
scope of the claims hereafter. The claims as follows are
intended to include all modifications and alterations insofar
as they come within the scope of the claims or the equivalent
thereof.
Having thus described the invention, we claim:
1. A mechanical arm assembly comprising:
aplurality of joints interconnected to form the mechanical
arm assembly, the plurality of joints comprising a first
joint, one or more intermediate joints, and a terminal
joint connected in consecutive series and each config-
ured to rotate with respect to any respective adjacent
joints;
wherein each joint includes a base, a top, and a sidewall
interconnecting the base and the top;
wherein a normal plane of each joint is defined as gen-
erally perpendicular to the sidewall and wherein the
base and top each are arranged at an angle with respect
to the normal plane;
wherein the first joint is configured with its base generally
parallel to its normal plane and its top at an angle
between 10 and 80 degrees with respect to its normal
plane;
wherein the intermediate joints are configured with their
bases at an angle between 10 and 80 degrees with
respect to their normal plane and their tops at an angle
between 10 and 80 degrees with respect to its normal
plane; and
wherein the terminal joint is configured with its base at an
angle between 10 and 80 degrees with respect to its
normal plane and its top generally parallel to its normal
plane and its top.
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2. The mechanical arm assembly of claim 1 further
comprising an end tool connected to the terminal joint.

3. The mechanical arm assembly of claim 2, wherein the
end tool comprises one of a medical device or a camera.

4. The mechanical arm assembly of claim 1 further
comprising one or more control wires connected to each
joint, wherein the control wires are configured to control
rotation of each joint.

5. The mechanical arm assembly of claim 1 further
comprising a head protruding from the base of each inter-
mediate joint and the terminal joint and an opening in the top
of each intermediate joint and the first joint, wherein the
head of each intermediate and terminal joint is each config-
ured to be inserted into the opening in the tops of the
respective adjacent intermediate or base joint.

6. The mechanical arm assembly of claim 5 further
comprising a bearing positioned around the head of each
intermediate and terminal joint, wherein the bearing is
configured to insert into the opening in the top of each
respective adjacent intermediate and first joint to form a
rotational connection between adjacent joints.

7. A mechanical arm assembly comprising:

a plurality of joints interconnected to form the mechanical
arm assembly, the plurality of joints comprising a first
joint, one or more intermediate joints, and a terminal
joint connected in consecutive series and each config-
ured to rotate with respect to any respective adjacent
joints;

wherein each joint includes a base, a top, a sidewall
interconnecting the base and the top, and an opening in
the top extending through the base;

one or more control wires each connected to a single
controlled joint in the mechanical arm assembly,
wherein each control wire extends through the open-
ings of each intermediate joint between the controlled
joint and the first joint and through the opening in the
first joint; and

wherein the control wire is configured to control rota-
tional movement of the controlled joint.

8. The mechanical arm assembly of claim 7 wherein the
one or more control wires comprises one control wire wound
around each joint in the mechanical arm assembly.

9. The mechanical arm assembly of claim 7 further
comprising a head protruding from the base of each joint,
wherein the head of each intermediate and terminal joint is
configured to be inserted into the opening of the respective
adjacent intermediate or base joint.

10. The mechanical arm assembly of claim 9 further
comprising a bearing positioned around the head of each
intermediate and terminal joint, wherein the bearing is
configured to insert into the opening in the top of each
respective adjacent intermediate or base joint to form a
rotational connection between adjacent joints.

11. The mechanical arm assembly of claim 10, wherein
each one or more control wire includes a knot therein and
wherein each head includes a divot therein, and further
wherein the knot of each one or more control wire is
positioned in the divot of each corresponding head and each
respective bearing is positioned around the respective heads
to hold the respective control wires in place.

12. The mechanical arm assembly of claim 11 wherein the
opening in the base through the top forms an outer ring in the
top, wherein the outer ring includes a recess in its inner
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perimeter, and further wherein the control wire from an
adjacent joint passes through the recess into the opening.

13. The mechanical arm assembly of claim 7, wherein the

first joint is configured with its base generally parallel to its
normal plane and its top at an angle between 10 and 80
degrees with respect to its normal plane;

wherein the intermediate joints are configured with their
bases at an angle between 10 and 80 degrees in a first
direction with respect to their normal plane and their
tops at an angle between 10 and 80 degrees in a second
direction, opposite the first direction, with respect to its
normal plane; and

wherein the terminal joint is configured with its base at an
angle between 10 and 80 degrees with respect to its
normal plane and its top generally parallel to its normal
plane and its top.

14. A mechanical arm assembly comprising:

aplurality of joints interconnected to form the mechanical
arm assembly, the plurality of joints comprising a first
joint, one or more intermediate joints, and a terminal
joint connected in consecutive series and each config-
ured to rotate with respect to any respective adjacent
joints;

wherein each joint includes a base, a top, a sidewall
interconnecting the base and the top, and an opening in
the top;

a head protruding from the base of each joint, wherein the
head of each intermediate and terminal joint is config-
ured to be inserted into the opening of the respective
adjacent intermediate or base joint;

a disc having a hole therein positioned around the head
such that the head protrudes through the hole, wherein
the disc is rotatable with respect to the head;

one or more control wires each routed through a disc on
a controlled joint in the mechanical arm assembly, each
control wire extending from the controlled joint toward
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the first joint and positioned exterior to each joint in the
mechanical arm assembly; and

wherein the control wire is configured to control rota-

tional movement of the controlled joint.

15. The mechanical arm assembly of claim 14, wherein
the disc comprises one or more through-holes and wherein
the one or more control wires are routed through respective
through-holes.

16. The mechanical arm assembly of claim 15, further
comprising a channel adjacent to or integral with the through
holes, wherein the channel is configured to guide the control
wires toward the head.

17. The mechanical arm assembly of claim 16 wherein the
control wires are wound around the head 1-4 times.

18. The mechanical arm assembly of claim 14 further
comprising a bearing positioned around the head of each
intermediate and terminal joint, wherein the bearing is
configured to insert into the opening in the top of each
respective adjacent intermediate or base joint to form a
rotational connection between adjacent joints.

19. The mechanical arm of claim 18, wherein the disc is
positioned between the bearing and the base of the joint.

20. The mechanical arm assembly of claim 14, wherein
the first joint is configured with its base generally parallel to
its normal plane and its top at an angle between 10 and 80
degrees with respect to its normal plane;

wherein the intermediate joints are configured with their

bases at an angle between 10 and 80 degrees in a first
direction with respect to their normal plane and their
tops at an angle between 10 and 80 degrees in a second
direction, opposite the first direction, with respect to its
normal plane; and

wherein the terminal joint is configured with its base at an

angle between 10 and 80 degrees with respect to its
normal plane and its top generally parallel to its normal
plane and its top.
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