Actuator Search
Several commercially available actuators were found that could be used in the aforementioned designs.  Both SMA and Piezoelectric technologies are readily available in an appropriate size and force range for about $100 per actuator when buying in single units.  EPAM actuators are being exclusively developed for commercial applications by Artificial Muscle Incorporate, a spin off company from SRI International, who first researched and developed electroactive polymers.  Artificial Muscle Inc. currently provides custom actuators to over 40 companies, but more importantly to the research community, is developing a universal muscle actuator (UMA) which will hopefully become available in small numbers soon.  McKibbon actuators are available commercially, but do to their limitations in terms of size and support components, were ruled out of consideration for use in handheld devices at present.  The three other technologies are addressed below with detailed information on how to obtain actuators for use in the lab.

MIGA SHAPE MEMORY ACTUATORS:


Perhaps the most promising actuator currently available is from MIGA Motor Company.  These actuators use the shape memory alloys to create push/pull actuators with high power to weight ratios, and are available in a number of sizes, including the mPod, whose primary dimensions are 50.8mm x  8.25mm x 9.0 mm.  The output shaft of the mPod extends beyond these dimensions, but this packaging is of a viable size for incorporation into a working prototype.  MIGA is available for custom applications, and if necessary, the dimensions and packaging could be shrunk and reconfigured to optimally suit the cell phone application.  


The mPod can deliver 11N of force, while it weighs only 4.25 grams.  The  actuator could be configured to power the legs of the 4th design presented in the applications section above, or could be used to drive the pistons in design number 3.  
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Miga Motor Company mPod™ Technical Specifications

(Preliminary)

Wire diameter:0.012" (0.3 mm)

# SMA wires:
Weight:
Stroke:
Rated Force:
Resistance:
6V actuation:
Dimensions:

6

0.15 oz. (4.25 g)

0.25" (6.4 mm)

2.5 Ibf (11 N)

2.9 ohms

2.0 amps, 0.5s

2.0 x 0.37 x 0.325 inches (output shaft extends another 0.65")
50.8 x 8.25 x 9.5 mm (output shaft extends another 16.5 mm)
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The mPod is available for $59 USD commercially from www.migamotors.com
THUNDER PZT PIEZOELECTRIC ACTUATORS


Another viable option for prototyping is the Thunder Piezoelectric actuators that are based on the PZT material described in section 1.  One advantage to the Thunder actuators is that they are very thin, and could therefore be included in a cell phone without altering the overall size and shape of the device.  However, the Thunder actuators, while being able to supply large forces, have very limited displacements, and therefore, would have to be used in conjunction with some kind of mechanical advantage to satisfy the requirements of the designs outlined in the previous section.  The maximum displacement of the TH-10R model, which seems most appropriate for inclusion in a cell phone prototype, is 0.15mm.  This makes this type of actuator much less attractive for designs 2, 3, and 4.  However, the piezoelectric material could be used for design 1, in order to generate emergency power.  In this instance, the small profile is extremely useful and the entire power generation module might be able to be manufactured on a thin insert that could be added to the back side of any mobile device.
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THUNDER® TH-10R Data Sheet

TH-10R Dimensions & Physical Properties

Mass

0.0022 Ibs

10g

Footprint (domed)*

0.997” x 0.540”

2 mm x13.72 mm

1.000” x 05407

Footprint (flat)’ S o 1372
Piezo Thickness g:?gsm,..
Total Thickness 31%7,.1,.,

Dome Height® g: Ty

TH-10R Spe

Max. Veltage' Typical Masimum Displacement
Block Force
ve

Capacitance N Peak to Peak Stmply
Zero DC offset) | Supported

+-240 V. 0.006”

I N I T

Displacement Measurement Point
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The Thunder actuators come in a variety of sizes, all priced at approximately $110 USD and available from www.faceinternational.com
ARTIFICIAL MUSCLE INC. EPAM ACTUATORS

While thin film actuators are currently a hot topic in many research institutions around the world, Artificial Muscle inc. is the only company found that is aspiring to produce commercially available actuators based on electroactive polymer technology.  Currently, AMI supplies a moderate number of companies with custom actuators in bulk.  They do not have single actuators available for purchase, which means any prototyping with this kind of design would require building the actuators for one’s self, which requires a large amount of overhead and is fairly impractical, or waiting for the new Universal Muscle Actuator (UMA) that AMI is developing to become commercially available for purchase.  The UMAs are purportedly being built in a variety of sizes, some of which would be small enough to fit into handheld devices.  Another advantage, is that a rotary version of the actuator is also being developed, which would be ideal for use in the inchworm design (number 2) in the previous section.  The UMAs should have similar power to weight capabilities as the SMA actuators, although their frequency response is potentially much better.  But until these actuators are available for easy purchase, they do not present a practical option for prototyping and our research.
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actuation,  sensing,  and  energy
generation, though AMI s primarily
focused on the actuation mode at the
present time and will therefore address it exclusively in
this paper. To demonstrate the versatility of the UMA
platform in serving a variety of applications, several of
the more common actuation applications for the UMA
will be introduced in this section and referred to
throughout this paper.

2.2 DATS Positioner

The most versatile application, from which most other
applications are derived, is the UMA DAT7S Positioner
(See Figure 2). The DATS is an analog actuator, with its
output force and stroke simply proportional to an
electrical input signal. As will be discussed in more
detail later, unlike electromagnetic proportional
actuators, the force-stroke curve for the DA75 and other
scaled sizes is linear, allowing designers to more easily
achieve difficult positioning challenges. Additionally,
since EPAM technology can be run at high frequencies,
the DATS can function as a vibration source, a feature
gaining popularity in human-machine interfaces and
standard in active vibration damping applications. AMI
also offers a DA75-2 positioner, which is a two phase

Figure 1: DAS0 Linear Actuator

Figure 2: DA75 Positioner





The UMA prototypes are pictured above, in the standard two film configuration on the left, and the rotary version shown in the previous section on the right.  These actuators are currently not available for immediate purchase, but more information can be found at www.artificialmuscle.com
