Artificial Muscle and Joint

Analysis and Recommendation

Aaron Parness  Aug. 20, 2007

Analysis:

Analyzing the clamshell joint assuming  NO FRICTION &  NO SLIP:  The following coordinates can be labeled and geometries solved:
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And the ACTUATOR FORCE (F) can be derived by the following moment balance about the rolling contact:
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We can plot several results based on the geometry if we assume values for m, l, and r.  Here we use m = 50g, l = 25mm, r = 3mm.

[image: image1]We see in the BOTTOM RIGHT plot, Force of actuator vs. angle.  Negative values of Force indicate actuator working in compression—from 0 to 90 degrees.  Positive force indicates extension, plotted here only from 90-135 degrees.  This force resisting the closure of the clamshell quickly tends off towards infinity above 135 degrees, but since these angles are not necessary for operation, the joint could be allowed to close under its own weight.

Two artificial muscle actuators were investigated for use in this joint design—Miga Motors m-Pod SMA Actuator and Artificial Muscle Inc. EPAM actuator.  

Findings:  While MIGA Motors mPod actuator has a peak force of 11.0N, its package size is too large for a cell phone (50.8mm x 8.25mm x 9.5mm).  However, after some discussion with MIGA Company, we learned that they are building a new series of actuators with the theme “ultra-thin”, so it is likely that one of these new thin actuators could meet the width constraint of Nokia’s thin cell phones.  Some drawbacks to this actuator are that SMA has a slow frequency response and creates excess heat.  It may also require some complex circuitry and has a relatively high power demand relative to a cell phone battery.
The other possibility is AMI EPAM actuator.  After contacting the company, they recommended EPAM technology over SMA because of frequency response and long lifetime.  However, this actuator is not available for purchase, and can only gotten through a mass quantity order from AMI.  Another drawback, is that the actuator they proposed had maximum stroke of 0.3mm, whereas the application demands a stroke of 6.0mm.  Some form of transmission could be used, but at the cost of peak force and efficiency.  Power demand for EPAM motors is also high relative to a cell phone battery.

Recommendation:
After doing this analysis and researching the currently available technologies, it seems that moving forward with an artificial muscle actuator is difficult, although not impossible.  The easiest implementation would be an SMA actuator because these are commercially available for purchase online.  Although the current packaging of the SMA actuators are larger than the constraints for a ‘thin’ cell phone, newer thinner actuators are under development at MIGA motor company and could be switched with the thicker actuators without very much difficulty.  There are, however, several downsides to using SMAs in a cell phone including frequency response, heat generation, and power consumption.  
Electroactive polymer (EPAM) actuators do not seem like a viable solution for this project at this time because much of the actuator development work required.  This work would either have to be done at Tsinghua, which is very difficult and will take a lot of time and budget, or would have to be done in coordination with AMI company, who would have to be convinced to work with the lab on the project.  They usually only work on large scale production and manufacturing implementations of their technology.  The technology is very promising, but perhaps another 5 years away from being an over the counter actuator that can be plugged into a design easily.  

Because the project is focused on many aspects of the cell phone, and not focused on artificial muscle technology, it is my recommendation to move forward with an alternative actuator or a design that does not require actuation.  These findings can be used as support for this decision and presented as evidence of our exploration.

Related Documents:

JointForceCalcs.m   --- matlab script file

mPodSpecSheet.pdf  ---  MIGA motor specifications

flatback animation.avi  --- animation of new MIGA ‘ultra thin’ actuators

AMI_MLP Datasheet  ---  AMI actuator specifications for lens positioning actuator
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