(BioMetal Silent Arm Demo, picture taken from www.robotstore.com, QuickTime movie file also available) 

SMART-MEMORY ALLOY ACTUATORS AND MUSCLE WIRE

Smart-memory alloy is an alloy capable of returning to a specific physical shape with the proper stimulus. Muscle wire is wire strands made of these alloys which shorten in length when heated. These can be used as triggers or actuators.
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The most popular alloy is a mix of nickel and titanium. The material can be “programmed” with a preset shape. At room temperatures, the alloy is stretchy and pliable, but when current is run through the alloy, it heats up and returns to the programmed shape. In this way, smart-memory alloys can be set up to not only pull by constricting, but also to push. Smart memory alloy wire is capable of shortening by up to %8 but only 3-5% is possible repeatedly.

Some popular brands are Nitinol and Flexinol. These have basically the same properties and come in different diameters, where the thicker the wire, the more force it can exert. Aside from straight wire spools, preprogrammed wire can come in form of coil springs, made to either pull or push, or solenoid-like actuators.

ADVANTAGES OF MUSCLE WIRES
· Compact

· Simple

· Silent

· Resistant to corrosion

HOW SMART-MEMORY ALLOYS WORK 
(Text taken from the Introduction to Shape Memory and Superelasticity NiTi Smart Sheet at www.sma-inc.com)
Smart Memory Alloys, such as Nickel Titanium, undergo a phase transformation in their crystal structure when cooled from the stronger, high temperature form (Austenite) to the weaker, low temperature form (Martensite). This inherent phase transformation is the basis for the unique properties of these alloys -- in particular, Shape Memory and Superelasticity. 

When a shape memory alloy is in its martensitic form, it is easily deformed to a new shape. However, when the alloy is heated through its transformation temperatures, it reverts to austenite and recovers its previous shape with great force. This process is known as Shape Memory. 

The temperature at which the alloy remembers its high temperature form when heated can be adjusted by slight changes in alloy composition and through heat treatment. In the Nickel Titanium alloys, for instance, it can be changed from above +100 deg.C to below -100 deg.C. The shape recovery process occurs over a range of just a few degrees and the start or finish of the transformation can be controlled to within a degree or two if necessary. 
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Schematic of the Shape Memory Effect
These unique alloys also show a Superelastic behavior if deformed at a temperature which is slightly above their transformation temperatures. This effect is caused by the stress-induced formation of some martensite above its normal temperature. Because it has been formed above its normal temperature, the martensite reverts immediately to undeformed austenite as soon as the stress is removed. This process provides a very springy, "rubberlike" elasticity in these alloys.
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Typical Loading and Unloading Behavior of Superelastic NiTi
MUSCLE WIRE PROPERTIES
(Taken from FlexinolTM Technical Characteristics page at www.dynalloy.com)
This is a chart of basic useful characteristics of the muscle wire actuators. These specific numbers are for Flexinol type wires but the speed and strength of other brands is fairly close to these.

	Diameter Size (Inches)
	Resistance (Ohms/Inch)
	Maximum
Pull
Force (grams)
	Approximate
Current at
Room Temperature* (mA)
	Contraction
Time* (seconds)
	Off Time
70° C Wire** (seconds)
	Off Time
90° C Wire** (seconds)

	0.0015
	21.0
	17
	30
	1
	0.25
	0.09

	0.002
	12.0
	35
	50
	1
	0.3
	0.1

	0.003
	5.0
	80
	100
	1
	0.5
	0.2

	0.004
	3.0
	150
	180
	1
	0.8
	0.4

	0.005
	1.8
	230
	250
	1
	1.6
	0.9

	0.006
	1.3
	330
	400
	1
	2.0
	1.2

	0.008
	0.8
	590
	610
	1
	3.5
	2.2

	0.010
	0.5
	930
	1000
	1
	5.5
	3.5

	0.012
	0.33
	1250
	1750
	1
	8.0
	6.0

	0.015
	0.2
	2000
	2750
	1
	13.0
	10.0


* The contraction time is directly related to current input. The figures used here are only approximate since room temperatures, air currents, and heat sinking of specific devices vary. Currents which heat the wire in 1 second can be left on with out over-heating it. Both heating and cooling can be dramatically changed (see section 3 of the technical characteristics not found in the home page but in the standard literature for more information on this subject).
** Approximate cooling time.
SOME USEFUL LINKS
www.sma-inc.com - Shape Memory Applications, Inc., producer of many Nitinol products and a good source for smart memory alloy-related information.
www.dynalloy.com – DYNALLOY, Inc., producer of Flexinol.
www.mondo.com – Mondo-tronics, Inc., the latest information about Muscle Wires, Shape Memory alloys and robotics products.

www.robotstore.com – Mondo-tronics' Robot Store, a source for many robotics related products, including various types of smart memory alloy actuators and muscle wire.

