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ROBOTC POWER AND SIGNAL 
DISTRIBUTION USING LAMINATED CABLE 

WITH SEPARATOR WEBS 

FIELD OF THE INVENTION 

Embodiments of the present invention generally relate to 
cable management and, in particular, to managing cables 
that traverse moving robot joints. 

BACKGROUND 

A robotic arm generally requires complex cable systems 
to, for example, distribute power to multiple motor-actuated 
joints or convey signals detected by electro-mechanical 
sensors placed in various locations within the joints. Robotic 
arms that include distributed control and vision systems 
require additional wiring, such as Ethernet, USB, or RS-232, 
to link to control nodes for serial communications. The cable 
systems passing through robotic arms must be capable of 
accommodating joint movements and various mechanical 
displacements yet remain resistant to mechanical wear. 

Conventionally, a large robotic arm is centrally controlled 
and large bundles of cables are routed externally to the 
joints. This approach may avoid the design difficulties of 
accommodating cables internally in the space-constrained 
package of the joints, but requires large cable loops with 
Support structures to accommodate the motion of the robotic 
arm. Additionally, the externally bundled cables risk snag 
ging the cable on an external object during joint movement. 

Another cable-management strategy utilizes internalized 
cable wiring; this is sometimes used for smaller arms 
intended for use in proximity to human operators. Typically, 
slip rings are used in Small, compact robots to link wiring 
between flexible joints. Alternatively, a highly flexible cable 
can be routed through the joints. The highly flexible cables, 
however, must be rated for millions of flex cycles before 
they experience mechanical wear, cable wear may result in 
increased electrical noise or intermittent connections. In 
addition, approaches employing either the slip rings or the 
highly flexible cable are expensive and thereby increase 
system cost. 

In still another approach, bundles of torsion-rated cables 
are employed and passed through the center of a robot joint 
in order to minimize displacement of the cables during joint 
movement. This approach, however, requires creation of 
internal spaces within the joints for the cable flexure. Addi 
tionally, large holes through the central axis of each joint are 
typically necessary to accommodate passage of the bundled 
cables and/or facilitate connection to different elements 
inside the joints; this approach thus typically requires more 
space in the joint and/or special joint configurations, thereby 
increasing system complexity and cost. 

Consequently, there is a need for an approach to cable 
management that provides for connection among various 
elements associated with the robot joints without the need 
for extra space or expensive Support components, while 
avoiding cable wear. 

SUMMARY 

In various embodiments, the present invention relates to 
systems and methods for facilitating cable passage through 
moving, space-constrained joints and conveying power and/ 
or signals to various robotic joint-associated elements. Com 
pared with conventional cable-management approaches, the 
systems and methods disclosed herein allow cables to be 
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2 
more easily connected and disconnected from the joint 
associated elements without mechanically interfering with 
the relative motion therebetween. In addition, embodiments 
of the present invention significantly reduce the space occu 
pied by cables passing through robotic joints without Sub 
jecting the cables to possible damage or requiring custom 
Support components. In a representative embodiment, a 
unitary and flat laminated cable is configured to be slack 
within the joint to accommodate the relative motion of the 
joint mechanical elements. The laminated cable typically 
includes multiple “sub-cables' that are attached to the cable 
and individually insulated, but which are also separable 
from the other Sub-cables. In one implementation, some of 
the sub-cables are separated from the main laminated cable 
and electrically connected to joint-associated components 
that are located at various positions for conveying signals 
and power thereto. The separated sub-cables, which are 
individually insulated, provide extra degrees of freedom for 
the laminated cable to be flexibly accommodated within the 
compact joint space without interfering with the mechanical 
motions of joint elements or experiencing damage due to 
torsional or bending stress. 

Accordingly, in one aspect, the invention pertains to an 
electromechanical joint for a robot. The joint includes mul 
tiple mechanical elements configured to provide relative 
motion therebetween and one or more cables including 
multiple insulated Sub-cables in a unitary flat configuration 
for conveying power and signals. In various embodiments, 
the cable passes through the joint and is slack within the 
joint to accommodate the relative motion. Each of the 
Sub-cables is insulated by an insulating divider made of, e.g., 
expanded Teflon and separable from all other sub-cables. In 
one embodiment, some the Sub-cables are separated from the 
cable and electrically connected to one or more joint 
associated components for conveying signals and power 
thereto without mechanically interfering with relative 
motion between mechanical elements of the joint. 
The joint-associated component may be a sensor for 

detecting relative motion between two or more mechanical 
elements. In some embodiments, all of the sub-cables are 
physically accessible for removal from the cable and con 
nection to a spatially separate location along one or more 
portions of the cable. 

In a second aspect, the invention relates to a method of 
conveying power and signals in a robotic system that 
includes a joint having multiple mechanical elements con 
figured for relative motion therebetween. Passing through 
the joint are one or more cables including multiple insulated 
Sub-cables in a unitary flat configuration for conveying 
power and signals. The cable may be slack within the joint 
to accommodate the relative motion. Each of the sub-cables 
may be insulated and separable from all other sub-cables to 
accommodate a space within the joint. The method includes 
separating one or more Sub-cables cable from other Sub 
cables by cutting along a thinned insulating divider therebe 
tween without electrically affecting any of the sub-cables: 
making a mechanical and/or an electrical connection 
between the separated Sub-cable and one or more joint 
associated components for conveying signals and power 
thereto; conveying signals and power via the Sub-cables; and 
causing relative motion between mechanical elements of the 
joint. In various embodiments, the cable and the connected 
sub-cables do not mechanically interfere with the relative 
motion. 

In one embodiment, one or more joint-associated com 
ponents are spatially separated from the joint. All of the 
sub-cables are physically accessible for removal from the 
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cable and connection to a spatially separate location along 
one or more portions of the cable. 
As used herein, the term “approximately” means +10%, 

and in some embodiments, +5%. Reference throughout this 
specification to “one example,” “an example.” “one embodi 
ment, or “an embodiment’ means that a particular feature, 
structure, or characteristic described in connection with the 
example is included in at least one example of the present 
technology. Thus, the occurrences of the phrases “in one 
example,” “in an example.” “one embodiment,” or “an 
embodiment in various places throughout this specification 
are not necessarily all referring to the same example. Fur 
thermore, the particular features, structures, routines, steps, 
or characteristics may be combined in any Suitable manner 
in one or more examples of the technology. The headings 
provided herein are for convenience only and are not 
intended to limit or interpret the scope or meaning of the 
claimed technology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, like reference characters generally refer 
to the same parts throughout the different views. Also, the 
drawings are not necessarily to scale, with an emphasis 
instead generally being placed upon illustrating the prin 
ciples of the invention. In the following description, various 
embodiments of the present invention are described with 
reference to the following drawings, in which: 

FIG. 1A is a perspective view of a robotic subsystem 
including a bend joint and a twist joint; 

FIG. 1B depicts a laminated cable conveying power 
and/or signals to joints and joint-associated elements; 

FIGS. 2A and 2B are a top view and a cross-sectional 
view of the laminated cable, respectively; and 

FIG.3 depicts the laminated cable connected between two 
joints and a robotic component located outside the joints. 

DETAILED DESCRIPTION 

Refer first to FIG. 1A, which illustrates a portion 100 of 
a robotic system having multiple types of joints, in particular 
a bend joint 110 and a twist joint 120. Each joint may have 
different characteristics, freedom of movement (e.g., range 
of motion or degrees of freedom), and/or package space; 
therefore, cables passing through the joints generally require 
special designs adapted to the particular joint type. For 
example, a clock-spring system including a cable wound 
spirally in a space between two cylinders of the joint may be 
utilized to pass the cable through the joint with reduced 
cable length, System weight and cost; see, e.g., U.S. Ser. No. 
13/446,585, filed on Apr. 13, 2012, the entire disclosure of 
which is hereby incorporated by reference. Referring to FIG. 
1B, in various embodiments, the wired cable 130 distributes 
power to, for example, multiple motor-actuated joints 132, 
134 (which are spatially distributed) and conveys digital 
and/or analog signals between joint-associated elements 
140, 142 (e.g., electro-mechanical sensors 140 or control 
circuitry 142) that are placed in various locations in physical 
proximity to and/or connection with the joints. In one 
embodiment, the cable 130 transmits signals from a central 
controller 144 to the joints 132, 134, 136, 138 and the 
joint-associated elements 140, 142. 

FIGS. 2A and 2B depict a top view and a cross-sectional 
view, respectively, of a unitary laminated cable 210 in 
accordance with embodiments of the present invention. The 
cable 210 is configured in a flat and thin shape to reduce 
space consumption, afford flexibility, and simplify cable 
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4 
routing in the joints. The flat and thin cable 210 may be 
inherently flexible and installed with enough slack to toler 
ate stresses applied thereto without experiencing significant 
mechanical wear. In various embodiments, the laminated 
cable 210 includes multiple sub-cables 212, 214, 216, 218, 
220, 222, 224; each Sub-cable conveys power or a signal. 
For example, sub-cables 212, 214, 216, 218 transmit a 
torque-sensing signal, a safety-control signal, a cat 5-e (i.e., 
Ethernet) signal, and a USB signal, respectively; Sub-cables 
220, 222, 224 are identical, each carrying system Supply 
power and return power. As depicted in FIG. 2B, sub-cable 
212 transmits the torque-sensing signals and may include 
three conductors 230; similarly, sub-cable 214 transmits the 
safety-control signals may include two conductors 232. 
Sub-cables 216, 218 that convey serial communications, 
Such as USB and Ethernet signals, may include one or two 
twisted pairs of conductors 234, 236, 238 with a character 
istic impedance of approximately 1002. Each conductor in 
the Sub-cables is Surrounded by an insulating material (e.g., 
expanded Teflon); the insulated conductors may be enclosed 
by a shielding conductive layer 240 for reducing electronic 
noise generated from other Sub-cables and electromagnetic 
radiation that may interfere with other devices. The shield 
ing conductive layer 240 is then covered by another layer of 
insulating material. 

In one embodiment, the shielding conductive layer 240 is 
made of copper, aluminum, conducting polymer or other 
conductive materials. In some embodiments, finely stranded, 
plated copper conductors form a spiral sheath in two coun 
ter-wound layers. Sub-cables 220, 222, 224 that distribute 
power to the joints and/or joint-associated elements and 
carry power returned therefrom may include a pair of 
conductors 242, 244, 246 insulated but inseparable from one 
another, because these insulated conductors do not convey 
signals; they may or may not be shielded with a conductive 
layer. In some embodiments, an insulating divider 250 is 
employed between two sub-cables such that a part of each 
sub-cable can be easily “stripped off from the other sub 
cables; the insulating divider can be cut away without 
damaging the insulating material Surrounding the conduc 
tive layers 240 of the sub-cables. The insulating divider 250 
may be made of for example, expanded Teflon, or other 
materials suitable for insulation but soft enough to be easily 
cut apart. 
The separated sub-cables may be electronically connected 

to joint-associated elements (e.g., a torque sensor or a joint 
control electronics) located in various positions within or 
around the joints. Because the width of the separated sub 
cables is smaller than that of the main laminated cable 210 
and the length of the sub-cables that are stripped off from the 
main laminated cable 210 is adjustable, the separated sub 
cables provide additional degrees of freedom within the 
compact space around the connected joint-associated ele 
ments that may have different geometries. The need for the 
entire cable to accommodate all electrical connections is 
thus avoided. The extra degrees of freedom provided by the 
sub-cables allow the cable 210 to pass through the joint and 
avoid mechanical interference therewith, without the need 
for extra cable length or intrinsic cable flexibility. Note that 
the present invention is not limited to any number or any 
spatial arrangement of the Sub-cables of the main laminated 
cable; any number of Sub-cables with any spatial arrange 
ment Suitable for conveying power and/or various signals 
are within the scope of the present invention. It should also 
be understood that any number and/or width of the insulat 
ing divider used to separate the sub-cables is within the 
Scope of the present invention. 
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Referring to FIG. 3, a length of laminated cable 300 as 
depicted in FIGS. 2A and 2B is utilized to convey power and 
signals between two joints 310,312. In one embodiment, the 
laminated cable 300 is split into three groups 314, 316, 318 
of sub-cables within a link320 between two joints 310,321. 
Each group may include an integral jacket and/or an integral 
shield. The group 314 of the sub-cables includes three 
Sub-cables that are connected to a power Source (not shown) 
(i.e., sub-cables 220, 222, 224 in FIGS. 2A and 2B); the six 
power conductors within the three sub-cables terminate in a 
connector 322, which makes contact with respective con 
ductors of the joint-associated elements for conveying 
power thereto. The second group 316 of the sub-cables may 
include, for example, one communication Sub-cable (e.g., 
USB sub-cable) terminated at a connector 328 for conduct 
ing signals to a communication element associated with the 
link 320. The third group 318 may include sub-cables 
carrying torque-sensing, safety-control and Ethernet signals; 
this group of sub-cables may terminate in a connector 330 
that can be plugged into a control circuit board (not shown) 
for controlling the movement of the joint 310. The three 
groups 314, 316, 318 of the sub-cables can be individually 
accommodated into the space defined by various mechanical 
constraints around the connected elements; this avoids over 
bending or over-twisting the laminated cable 300 and/or 
interfering with the motion of the mechanical elements of 
the joint 310. Similarly, the unitary flat laminated cable 300 
can be split into four groups 332,334,336,338 of sub-cables 
within the link 340 between joints 312, 341. Sub-cables in 
groups 332, 334, for example, convey signals to Sub-cables 
316, 318, respectively, in the link340. The sub-cable 336 is 
split off from the sub-cables 314 and power, for example, a 
local element (not shown) in the link 340 using a connector 
342; the remaining power conductors in the group 338 of 
sub-cables provide power to a different element (not shown) 
associated with the link 340 through another connector 344. 
The laminated cable 300 may then pass through the joints 
310, 312 and convey power and/or signals to the next joints 
using the approach as described above. 

The laminated cable 300 may convey power and/or sig 
nals to robotic components that are located inside the joints 
310, 312 and carry power and/or signals therefrom. With 
reference to FIG. 3, in some embodiments, the robotic 
components 346, 348 located inside the joints 310, 312 are 
a twist joint torque sensor and a bend joint torque sensor, 
respectively. The sub-cable 350 that carries torque-sensing 
signals is separated from the laminated cable 300 along the 
insulating divider 250 (on each side thereof unless the 
sub-cable 350 is at an edge of the cable 300) and connects 
to the twist joint torque sensor 346 via a connector 352; this 
provides signal communication between the twist joint 
torque sensor 346 and, for example, the joint control elec 
tronics 354 or the joint actuator 324 without requiring the 
entirety of the cable 300 to approach or connect to the torque 
sensor 346. Likewise, sub-cable 356 connects the bend joint 
torque sensor 348 to the joint control electronics 358 located 
adjacent to the sub-cable group 334. The separable sub 
cables thus provide an approach to add or subtract power 
and/or signals from the laminated cable 300 at different 
locations that are associated with various robotic compo 
nentS. 

The joint actuator 324 may be driven by the joint control 
electronics 354 local to the actuator 324 to minimize the 
number of conductors wired through the joints. For example, 
the joint control electronics 354 on a control board may 
drive two joints, each associated with a single brushless DC 
motor that requires ten conductors—three for the windings, 
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6 
five for position sensing, and two for thermal sensing. In one 
embodiment, four low-power Ethernet communication 
wires are substituted for the twenty motor actuator wires 
traversing the joints. 
The separation mechanism, therefore, enables Sub-cables 

to traverse flexible portions of the joint together while 
terminating in different locations. For example, if a pair of 
joints are stacked together, Sub-cables between a pair of 
'clock spring laminated cables may be separated to access 
sensors located between the joint pairs. Additionally, the 
separable Sub-cables may terminate and transmit separate 
signals and power to circuit boards located in the links 320, 
340 between joint pairs. Further, when conductors in the 
links 320, 340 do not terminate in a circuit board, the 
sub-cables may be easily mated with a section of the joint 
cable that connects to the next most-distal joint pair. 
The bulk cable 300, for example, may be configured to 

accommodate joint motion via, e.g., a clock-spring deploy 
ment as described above while facilitating mechanically and 
spatially separate connections to the two torque sensors. The 
mechanical configuration of the bulk cable, in other words, 
may be adapted to accommodate a certain type of motion, 
and that configuration and movement accommodation are 
not disturbed by connections made by various ones of the 
sub-cables. Moreover, because all of the sub-cables are 
physically accessible throughout the length of the flat lami 
nated cable 300 i.e., none are subsumed within abundle or 
sheath—and may be disengaged therefrom for external 
connection at any arbitrary point along that length, the 
ability to establish electrical connections is not limited by 
the geometry of the cable or the ability of the bulk cable to 
pass close to the point of connection. 
The terms and expressions employed herein are used as 

terms and expressions of description and not of limitation, 
and there is no intention, in the use of Such terms and 
expressions, of excluding any equivalents of the features 
shown and described or portions thereof. In addition, having 
described certain embodiments of the invention, it will be 
apparent to those of ordinary skill in the art that other 
embodiments incorporating the concepts disclosed herein 
may be used without departing from the spirit and scope of 
the invention. Accordingly, the described embodiments are 
to be considered in all respects as only illustrative and not 
restrictive. 
What is claimed is: 
1. A method of conveying power and signals in a robot 

system comprising a joint including a plurality of mechani 
cal elements configured for relative motion therebetween, 
and, passing through the joint, a cable comprising a plurality 
of insulated Sub-cables in a unitary flat configuration for 
conveying power and signals, wherein (i) the cable is slack 
within the joint to accommodate the relative motion and (ii) 
each of the sub-cables is insulated and separable from all 
other sub-cables to accommodate a space within the joint, 
the method comprising: separating at least one Sub-cable 
from other sub-cables by cutting along a thinned insulating 
divider therebetween without electrically affecting any of 
the Sub-cables; making at least one of a mechanical or an 
electrical connection between the separated sub-cable and at 
least one joint-associated component for conveying signals 
and power thereto, the at least one of a mechanical or an 
electrical connection being made at an intermediate point 
along the cable spaced away from both ends of the cable: 
separating at least one second Sub-cable, different from the 
at least one sub-cable, from other sub-cables by cutting 
along a thinned insulating divider therebetween without 
electrically affecting any of the Sub-cables; making at least 
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one of a mechanical or an electrical connection between the 
separated second Sub-cable and at least one second joint 
associated component for conveying signals and power 
thereto, the second joint-associated component being differ 
ent from the joint-associated component; conveying signals 
and power via the Sub-cables; and causing relative motion 
between mechanical elements of the joint, the cable and the 
connected Sub-cables not mechanically interfering with the 
relative motion, wherein a separated length of the at least 
one sub-cable is different from a separated length of the at 
least one second Sub-cable. 

2. The method of claim 1, wherein the at least one 
joint-associated component is spatially separated from the 
joint. 

3. The method of claim 1, wherein, along at least a portion 
of the cable, all of the sub-cables are physically accessible 
for removal from the cable to facilitate the separating step. 

4. The method of claim 1, further comprising: 
separating a second Sub-cable from other Sub-cables by 

cutting along a thinned insulating divider therebetween 
without electrically affecting any of the sub-cables; and 
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8 
making at least one of a mechanical or an electrical 

connection between the separated second sub-cable and 
at least one joint-associated component for conveying 
signals and power thereto, the at least one of a mechani 
cal or an electrical connection being made at a terminal 
location along the cable proximate an end of the cable. 

5. The method of claim 1, wherein an entirety of the cable 
is slack within the joint. 

6. The method of claim 1, wherein a total length of the at 
least one sub-cable is Smaller than a total length of at least 
one other sub-cable of the cable. 

7. The method of claim 1, wherein, along an entirety of 
the cable, all of the sub-cables are physically accessible for 
removal from the cable to facilitate the separating step. 

8. The method of claim 1, wherein at least one sub-cable 
comprises two conductors therewithin, the two conductors 
being insulated from each other but inseparable from each 
other. 

9. The method of claim 1, wherein a length of the cable 
passing through the joint remains constant during relative 
motion of the plurality of mechanical elements. 
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