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(54) Title: LOCKABLE CONNECTOR DEVICE
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(57) Abstract: A lockable connector device and system is described.
An example lockable connector device includes a first spherical body

connected to a first end of a shaft and a plurality of appendages connec-
ted to a second end of the shatt. The appendages partially encase a

second spherical body and an actuator connected to the appendages,
where the actuator is comprised of synthetic muscles that compress to
lock the second spherical body.
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LOCKABLE CONNECTOR DEVICE

Background

[0001] Mechanical robotic arms can safely conduct tasks that may be
dangerous for human completion. Various tasks can occur in different types of
environments, such as aqueous, desert, space, factory, and high/low altitudes,
among others. Robotic arm positioning and movement can provide a broad

working range for task completion in different environments.

Brief Description of the Drawings

[0002] Figure 1 illustrates an example of a lockable connector device

according to the present disclosure.
[0003] Figure 2 illustrates an example of an actuator enclosed-resistor

according to the present disclosure.
[0004] Figure 3 illustrates an example of a lockable connector device

according to the present disclosure.
[0005] Figure 4 illustrates a use diagram of an example lockable connector
device for operating a lockable connector device according to the present

disclosure.
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Detailed Description

[0006] Mechanical robotics may operate under manual supervision/control
and can be used to complete tasks deemed too complicated or dangerous for
humans. Changing the position of an object or a tool in a three dimensional
space to a number of alternative positions via a robotic arm can assist humans in
completing a variety of tasks while maintaining human safety. Tasks involving
hazardous waste, heavy objects and/or tools, dangerous locations, and/or distant
exploration missions, among others, can benefit human safety by use of a
lockable connector device. Use of a lockable connector device can alleviate
aspects of a dangerous task by transferring the danger onto an inanimate object.
[0007] In the present disclosure, a lockable connector device is provided.
Devices and systems for a lockable connector device that can be firmly fixed into
a position via change in temperature, such as heat, are described herein. A
lockable connector device can maneuver, re-position, and/or change orientation,
yet remain in a firmly fixed position for a period of time. A lockable connector
device can be considered a “third hand” to flexibility. For example, a lockable
connector device can firmly grasp a tool in a particular orientation within space
and/or perform a particular task.

[0008] Figure 1 illustrates an example of a lockable connector device
according to the present disclosure. Figure 1 includes a first spherical body 102
connected to a first end of a shaft 104. A plurality of flexible appendages 108
connect to a second end of the shaft 106, where the appendages 108 partially
encase a second spherical body 110. Figure 1 also includes an actuator 112
connected to the appendages. The actuator 112 can include synthetic muscles
that compress to lock the second spherical body 110.

[0009] A spherical body can be a rounded shaped ball in various sizes.
When the lockable connector device is not in a fixed position, the spherical
bodies 102, 110 can glide and re-position. In some examples, a low friction
coating at a base of the appendages 108 can be present to provide easy gliding
and/or positioning of the spherical bodies 102, 110. The low friction coating can
provide a buffer zone between the second spherical body 110 and the
appendages 108. In some examples, appendages 108 are spaced apart, such
that each appendage from among the appendages 108 are not in contact. The
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spaced appendages 108 enable the spherical bodies 102, 110 to rotate within
the appendages. That is, the spherical bodies 102, 110 can be positioned and/or
repositioned prior to the spherical bodies 102, 110 being locked (e.g., fixed) into
a particular position.

[0010] In a number of examples, appendages 108 partially encases less
than half of the second spherical body 110. That is, the appendages 108 encase
a portion of the second spherical body 110 to enable rotation of the second
spherical body 110. In some examples, the second spherical body 110 rotates
freely when the appendages are not compressed. The rotation of the second
spherical body 110 can allow for flexibility and repositioning of the lockable
connector device 100.

[0011] In some examples, the actuator can be made up of twisted
monofilament string. The twisted monofilament string can be attached to the
appendages. The twisted monofilament string can be flexible when inactivated,
allowing for appropriate positioning. The twisted monofilament string can include
an actuator that can be similar to human muscles, and thus can be referred to as
“synthetic muscles.”

[0012] In some examples, the synthetic muscles can compress based on
temperature change. For instance, warm air, water, and/or a variable control
energized resistors that are thermally coupled to the synthetic muscles and
activate the synthetic muscles to constrict. The synthetic muscles can react to
the temperature change by compressing, thereby locking the second spherical
body 110 into position. The synthetic muscles can decompress when the
synthetic muscles are cooled, such as ambient air, cooling water, and/or cooling
air. Decompression of the synthetic muscles is unlocking and/or unfixing from a
locked/fixed position. That is, decompression can enable the lockable connector
device 100 to be repositioned and/or re-maneuvered.

[0013] Additionally and/or alternatively in some examples, a sleeve
encasement can be placed over the synthetic muscles that can contain spaced
air inlet vents within the sleeve encasement. The sleeve encasement can protect
the lockable connector device 100 from water, debris, and/or other foreign
objects from interfering with the lockable connectors, while providing adequate
air ventilation for heat escape. A sleeve encasement can be a type of tube,

netting, and/or hose, which can surround the synthetic muscles. In a number of



WO 2016/018254 PCT/US2014/048624
4

examples, the sleeve encasement can be flexible to enable movement and
flexibility of the lockable connector device.

[0014] A lockable connector device can include a heavy base to provide
stability for the device. The base can be immobile or mobile, such as including
wheels or tracks for relocation purposes. In some instances, a lockable
connector device can include a strain gauge feedback to protect the lockable
connector device and/or grasped tool. That is, a gauge feedback may prevent
breakage and/or excessive user force. For example, when forces approach
safety limitations, the lockable connector device can disengage so as to prevent
excessive force from damaging the lockable connector device structure and/or
associated tool.

[0015] Figure 2 illustrates an example of an actuator enclosed-resistor
according to the present disclosure. In some examples, the lockable connector
device 100 can include a number of actuator enclosed-resistors 201. The
actuator enclosed-resistor can include resistors 230 that can be attached to the
actuator 212 to provide an electrical supply. The actuator 212 can be encased in
a hollow resistor 220, such as ceramic, nylon or plastic. The hollow resistor 230
can be differently sized to accommodate different sizes of actuators 212 and
different voltage 226 of power supply. The hollow inside of the resistor can be
large enough to accommodate the synthetic muscles while compressed and
decompressed.

[0016] The resistors 230 can be glued and/or cable tied to the actuator
212 (e.g., synthetic muscles), or bundled side-by-side. The resistors 230 can
provide electrical voltage 226 AC/DC and/or positive current 222 and negative
current 224 to the actuator 212 to compress. However, the resistors 230 can
provide low-wattage (in terms of wattage per square inch of surface) so that it will
not over-heat or melt the synthetic muscles. That is, the attached resistors 230
can provide a heat source for the synthetic muscles to compress.

[0017] The actuator enclosed-resistor 201 can include heat-transfer
efficiency. The resistor wall can provide a source of heat and/or mechanical
protection (e.g., sheath) for the synthetic muscles. Multiple actuator enclosed-
resistors 230 can be connected to the lockable connector device to provide a

source of heat and power supply for compression purposes.
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[0018] Figure 3 illustrates an example of a lockable connector device
according to the present disclosure. Figure 3 depicts a lockable connector
device 300 that includes a first spherical body 302 connected to a first end of a
shaft 304; a resistor-enclosed actuator 312 connected to a second end of the
shaft 306; and a flexible constriction ring 310 attached to the resistor-enclosed
actuator 312, where the actuator constricts the resistor-enclosed actuator 312
and constriction ring 310 to lock a second spherical body 310.

[0019] In some examples, a number of temperature sensors 315 attached
to the appendage 308 to monitor temperature changes. The temperature
sensors 315 can detect and monitor temperature changes, which can then send
a signal to the appendages to compress. Detection and monitoring of
temperature can be in response to water temperature, air temperature, and
electric heat temperature, among others. The actuator 312, and/or the actuator
enclosed-resistor 301, and/or constriction ring 314 can compress in response to
the temperature. For example, the actuator 312, and/or actuator enclosed-
resistor 312, and/or constriction ring 314 can compress when the temperature
sensors 315 detect a change in temperature, such as warm air.

[0020] The lockable connector device 300 can include a controller. The
controller (not shown) can be connected (e.g., communicatively coupled) to the
actuator 312. Such a connection can allow signals and/or data to be sent in any
direction between temperature sensor and controller as well as between
controller and actuator 312. For example, the controller can cause an actuation
of actuator 312 such that the synthetic muscles and/or appendages 308
compress (e.g., the controller can cause an actuation of compression, e.g.,
locking).

[0021] The controller can include logic. As used herein, “logic” is an
alternative or additional processing resource to execute the actions and/or
functions, etc., described herein, which includes hardware (e.g., various forms of
transistor logic, application specific integrated circuits (ASICs), etc.), as opposed
to computer executable instructions (e.g., software, firmware, etc.) stored in
memory and executable by a processor.

[0022] Controller can be and/or include a computing device configured to
execute instructions instead of, or in addition to, logic. A controller can be
connected to the temperature sensors and be coupled to an actuator 312 and/or



WO 2016/018254 PCT/US2014/048624
6

actuator enclosed-resistor 301, and/or constriction ring 314. The controller can
control the compression of the synthetic muscles via the actuator 312, actuator
enclosed-resistor 301, and/or constriction ring 314, which can lock the spherical
bodies 302, 310 into a position.

[0023] In some examples, the lockable connector device 300 can include a
strain gauge to determine a force or weight threshold limitation. Determination of
a force or weight threshold limitation can prevent damage to the lockable
connector device, object, and/or tool. That is, depending on the particular task,
different force thresholds may be determined. In a number of examples, the
lockable connector device 300 can include an LCD display and an audible alarm.
The audible alarm can indicate a force or weight threshold limitation. For
example, the audible alarm may sound if the lockable connector device 300
applies an amount of force that can damage the grasped tool, object, and/or the
lockable connector device 300.

[0024] Figure 4 illustrates a use diagram of an example lockable connector
device for operating a lockable connector device according to the present
disclosure. Figure 1 depicts a system of lockable connectors 400 that can
include a first spherical body 402 connected to a shaft, where the shaft provides
connection to a first spherical body at a first end of the shaft 404. A plurality of
appendages connected to a second end of a shaft 406, where the appendages
partially encase a first portion of a second spherical body 410 and a constriction
ring 414 to encircle a second portion of the second spherical body. Figure 1 also
includes an actuator 412 connected to the appendages and constriction ring 414,
where the actuator can be made up of synthetic muscles that cause the
appendages and constriction ring 414 to compress and lock the second spherical
body 410 into a position.

[0025] In some examples, the synthetic muscles (e.g., actuator 412,
actuator enclosed-resistor 401) can be actuated to compress via heat. Synthetic
muscle compression can be actuated via water heat, air heat, electric heat, and
applied heat, among other examples. That is, the synthetic muscles can
compress in response to a change from a cooler temperature to a warmer
temperature. The amount of heat can vary depending on the type of use the

system of lockable connectors 400 is engaged. For example, if the system of
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lockable connectors is engaged in liquid work, appendage compression can be in
response to water temperature.

[0026] In a number of examples, the constriction ring 414 can be rigid so
as to hinder movement. The constriction ring 414 can compress in conjunction
with the synthetic muscles (e.g., actuator 412, actuator enclosed-resistor 401)
and appendages 408 can lock the second spherical body 402 into a fixed
position. The dual compression points (e.g., actuator 412 and constriction ring
414) can afford stability to the lockable connector device system 400.

[0027] Figure 4 also includes a depiction of extended appendages 408.
The extended appendages 408 can connect to a large outer actuator 416. That
is, the large outer actuator 416 can include large synthetic muscles, which in turn
provide additional force. The larger outer actuator 416 can function analogous to
the actuator enclosed-resistor described in Figure 3, and analogous element 401
depicted in Figure 4. The additional force and/or strength of the lockable
connector system can, in some examples, engage in tasks that require additional
strength, force, torque, objects, and/or tools, among other instances.

[0028] The large outer actuator 416 can be arranged around the periphery,
such as radially, of the first and second spherical bodies 402, 410 and shaft 404,
406. However, the large outer actuators 416 can, in some examples, be
arranged in the in-between spaces of the spherical bodies 402, 410 and shaft
404, 406. The large outer actuator 416 can be distanced away from the core of
the lockable connector system 400, such that there can be as many appendages
408 and constrictive elements (e.g., constrictive ring 414, actuator 412, etc.) as
desired. The anchor points of the synthetic muscles can be distanced and
spaced such that the actuated (compressed) synthetic muscles do not interfere
with related lockable connector system 400 elements.

[0029] Alternative examples of the lockable connector device and/or
system can include electromagnets in place of the synthetic muscles. The
electromagnets can be a magnet that can create a magnetic field that is
produced by an electrical current. Use of electromagnetics can prevent and/or
decrease “thermal lag.” Thermal lag can be the time that is required to add or
remove heat from the lockable connector device and/or use before achieving the
set-point temperature. That is, the slow-cooling electromagnets can enable a
locking function of the appendages that decreases thermal lag, which can
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increase and/or decrease the time to actuate the compression or decompression.
In some examples, the electromagnets can be turned on and/or off manually or
automatically.

[0030] In a number of examples, the electromagnets can be a number or
electromagnets and/or a large single electromagnet embedded on the inside of
the shaft. Additionally, and/or alternatively, the electromagnets can be
embedded on the appendages. The spherical bodies of the lockable connector
device/system can be made from ferromagnetic materials. The combination of
electromagnets and ferromagnetic materials can create magnetism for the
lockable connector device.

[0031] In some examples, variable DC power from the electromagnets can
provide variable compression (e.g., locking, stiffness) for the lockable connector
device. For example, using the electromagnets can enable various levels of
compression. That is, different level of connector “locking” can exist. In a
number of examples, each lockable connector (e.g., each segment of the
lockable connector device) can be separately controlled. For instance, a
connector that grasps an object can be compressed at a maximum level.
Conversely, a different connector located further from the grasping connector can
be compressed at an intermediate level. The electromagnets can provide a
minimal level of force that can keep the lockable connector device together, but
yet enables a user or position and/or re-position the device with ease.

[0032] The figures herein follow a numbering convention in which the first
digit corresponds to the drawing figure number and the remaining digits identify
an element or component in the drawing. Elements shown in the various figures
herein can be added, exchanged, and/or eliminated so as to provide a number of
additional examples of the present disclosure. In addition, the proportion and the
relative scale of the elements provided in the figures are intended to illustrate the
examples of the present disclosure, and should not be taken in a limiting sense.
[0033] The specification examples provide a description of the applications
and use of the devices and system of the present disclosure. Since many
examples can be made without departing from the spirit and scope of the system
and method of the present disclosure, this specification sets forth some of the

many possible example configurations and implementations.
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[0034] As used herein, “a” or “a number of” something can refer to one or
more such things. For example, “a number of widgets” can refer to one or more

widgets.
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What is claimed:
1. Alockable connector device comprising:

a first spherical body connected to a first end of a shaft;

a plurality of flexible appendages connected to a second end of
the shaft, wherein the appendages partially encase a second
spherical body;

an actuator connected to the appendages, wherein the actuator is
comprised of synthetic muscles that compress to lock the second

spherical body.

2. The device of claim 1, wherein the synthetic muscles compress based

on temperature change.

3. The device of claim 2, further comprising:
a sleeve encasement over the synthetic muscles; and

spaced air inlet vents within the sleeve encasement.

4. The device of claim 1, wherein the appendages partially encases less
than half of the second spherical body.

5. The device of claim 1, wherein the appendages are spaced apart such
that each appendage from among the plurality of appendages are not in

contact.

6. The device of claim 1, wherein the second spherical body rotates freely
when the appendages are not compressed.

7. The device of claim 1, wherein a number of resistors are attached to the

actuator to provide an electrical supply.

8. The device of claim 1, wherein the actuator is comprised of twisted

monofilament string.

9. Alockable connector device comprising:
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a first spherical body connected to a first end of a shaft;

a resistor-enclosed actuator connected to a second end of the shaft; and
a flexible constriction ring attached to the resistor-enclosed actuator,
wherein the actuator constricts the resistor-enclosed and constriction ring

to lock a second spherical body.

10. The device of claim 9, further comprising a number of temperature
sensors attached to an appendage to monitor temperature changes.

11. The device of claim 9, further comprising strain gauge to determine a

force or weight threshold limitation.

12. The device of claim 9, further comprising an LCD display and an audible

alarm.

13. A system of lockable connectors, comprising:

a first spherical body connected to a shaft, wherein the shaft
provides connection to a first spherical body at a first end of the shaft;

a plurality of appendages connected to a second end of a shaft,
wherein the appendages partially encase a first portion of a second
spherical body; and

a constriction ring to encircle a second portion of the second
spherical body;

an actuator connected to the appendages and constriction ring,
wherein the actuator is comprised of synthetic muscles that cause the
appendages and constriction ring to compress and lock the second

spherical body into a position.

14. The system of claim 13, wherein the synthetic muscles are actuated to

compress via heat.

15. The system of claim 14, wherein the constriction ring is rigid to hinder

movement.
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