Artificial Muscle Applications


There are several ways to incorporate artificial muscles into the cell phone.  One of the possibilities is to use the actuator as a power generator rather than a prime mover, allowing human power to recharge the battery of the phone enough to make a call in the case of an emergency. This would be useful in situations when one is stranded without the ability to recharge their phone; i.e. airport delays, camping, car trouble.  
How it works: Two of the artificial muscle types previously discussed are reversible, or can act as generators. Both piezoelectric actuators and electroactive polymers expand when subjected to current, but they also both create a current when strained under a load. Therefore, several recent research efforts have been made to harness this ability for power generation. One of the most promising of these attempts is a shoe designed to harness the energy of footfall impact during walking and convert this energy, otherwise dissipated as heat, into useable power. This research claims a power generation of between 2Wand 20W during use.
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Shoe style power generator
(sri.com)

Implementing a similar concept on the mobile phone would allow a human’s hand movement to generate power and recharge the battery of the phone enough to make a call in the case of an emergency. Further investigation should be done in order to calculate the necessary time and size of motion necessary. The unit could be built into the back of the phone near the battery and the camera lens:
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Another possibility for the inclusion of artificial muscle actuators in cell phones is the addition of degrees of freedom to the device. This might allow the phone to move across a desktop or configure itself such that additional information can be conveyed to the user.  For basic locomotion, 3 designs were developed.

The first design is based on an inchworm. Inchworms are able to navigate complex terrain using a wave based locomotion technique. Shown below are two configurations of inchworms.
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Based on this inspiration, a 4 link cell phone has been imagined that would allow the device to move across smooth surfaces like table tops and desks. Below, a sequence of actuation movement is outlined which would require 3 actuators that could be of the rotary EPAM type, which are both light weight and silent as well as a picture of an EPAM actuator configured for rotary motion using a clutch system.
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Sequence of inchworm wave drive                                EPAM rotary actuator
A second option for motion is a linear drive that takes advantage of directional friction.  This design would only require one actuator, although with two actuators, turning could also be accomplished. One of the major obstacles with this design is the requirement of a high durability material that has directional friction properties. Without an increased friction in one direction, the device will simply expand and contract in place, rather than moving in a particular direction.  Luckily, many materials with directional friction properties exist in both nature and synthetics (seal skin, gecko adhesives, angled brushes).  Another possibility is to use non-backdriveable wheels often called one way rollers. Any of these would allow the phone to move forward due to the linear stroke cycle of the EPAM or SMA actuator. Below is a sequence of motion for this type of design.
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Linear prismatic artificial muscle locomotion


The last locomotion design walks more like an insect. Using 3 linear artificial muscle actuators, small legs emerge from the cell phone body and then use high frequency vibration to move the device across the table. The rear two legs of the tripod are sprawled providing forward thrust while the front leg is primarily used to keep the phone from dragging its body along the surface, and for pitch control. Similar devices were built at a much smaller scale at MITs BioInstrumentation Laboratory under Prof. Ian Hunter.  
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MIT nanowalker project

One idea to minimize the profile of this design is to have a slow, low frequency actuator to extend the legs out of the cell phone case, then to have fast, high frequency actuators extend the legs small amounts very quickly allowing the phone to jitter its way across a table using the summation of many small movements created by the high frequency actuators. Then, when the cell phone had finished its locomotion, these legs could be withdrawn into the cell phone body using the slow actuation manner. As EPAM cartridges develop, these two functionalities could be accomplished by the same actuator.

Below is a visualization of this design:
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Cell phone walker in nominal walking position
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Cartridge and leg location in cell phone walker design
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