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Piezoresistive

Materials: Silicon doped with impurities to 
make it n-type or p type

Applications: Accelerometer, strain gage
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Electrostriction material

Neutral 
atom
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Electrostriction 

• lead--magnesium--niobate (PMN) 
compositions 

• ferroelectric
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magnetostriction
Magnetostriction is the changing of a material's physical dimensions 
in response to changing its magnetization. 

On a Macroscopic level may be segregated into two distinct 
processes: 

The first process is dominated by the migration of domain walls 
within the material in response to external magnetic fields. Second, 
is the rotation of the domains. 

These two mechanisms allow the material to change the domain 
orientation which in turn causes a 
dimensional change.
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Magnetostrictive materials 
Most ferromagnetic materials exhibit some measurable magnetostriction
The ferromagnetic materials used in magnetostrictive sensors are 
transition metals such

•Cobalt 
•Iron 
•Nickel
•Ferrite  

The highest room temperature magnetostriction of a pure element is that 
of Co which saturates at 60 microstrain.

highest known magnetostriction are those of cubic laves phase iron
alloys containing the rare earth elements Dysprosium, Dy, or Terbium, 
Tb; DyFe2, and TbFe2. These alloys are generally stochiometric, of the 
form TbxDy1-xFe2 and have been coined Terfenol-D. 
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Ferromagnetic polymer

W.-C. WangFerromagnetic polymer
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Resistive sensors and actuators

• Sensors
- based on resistance 

change (either by 
physical mean or 
thermal induction)

• Actuators
- based on thermal 

induction
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thermal excitation

electric contact
T=room temperature T> room temperature

cantilever waveguide

metal thin film
(with larger 
thermal expansion
coefficient)

Figure 5a. Heat generated by electric conduction
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Bubble jet printer head (roof 
shooter ink jet)
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Side shooter thermal ink-jet
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Opto-thermal excitation

hλ

Figure 5b. Heat generated by light        

use the effect of two different thermal 
expansions of sandwiched materials to 
obtain a desired movement when the 
temperature of the assembly is changed
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MEMS acoustic sensor-hotwire 
sensor (thermo-resistor)

temperature

resistance Temp.

Flow rate

W.-C. WangHotwire sensor
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Experimental results
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Strain gages (resistive sensors)

•The electrical resistance of a wire changes with 
strain: 

•As strain increases, the wire length L increases, 
which increases R. 

•As strain increases, the wire cross-sectional 
area A decreases, which increases R. 

•For most materials, as strain increases, the wire 
resistivity also increases, which further 
increases R. 

Gage 
factor
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Strain gage types
• Metallic
• Copper-nickel (static strain 

meas.)
• Nickel-chrome (static and 

dynamic higher temp alloy)
• Nickel-ion high gage facto 

(dynamic)
• Platinum alloy (supurior

stability and fatigue resistance 
at high temperatures)

• Semiconductor
• P type  (Boron doped) or n type 

(Phosphous
• Change density change with 

strain
• Resistance can either decrease 

or increase with applied strain
• Low hystresis
• Smaller in size
• High gage factor (sensitivity)
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Wire and foil strain gage

Full bridge diaphragm gage

Shear gage
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Application of strain gage
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Gage factor

• Gage factor GF=(∆R/R)/(∆L/L)
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Carbon fibers filled sensor 
(resistive sensor)

carbon fibers
carbon
fiber
felt

metal wire

carbon
fiber
felt

metalization

     Ro

Ra

-
+ Vo

-V  E

Conducting plate
isolation

pressure

Vo

Application:

Microphone, tactile or 
pressure sensor…
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Carbon fibers filled resistive 
sensor

Advantages:
-excellent strength, stiffness, elasticity,fatigue
-flexibility:can be fitted to any shape
Low hystersis (5%)
-thermal stability: high thermal stability >500oC
-inexpensive

Disadvantages:
-Thermal conductivity and thermal expansion are low
-Noise: fibers in contact with metals generate noise
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Shape memory actuator
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SMA

Materials:
- mostly Ni/Ti alloy, but also Au/Cu. In/Ti

Advantages:
-considerable temperature dependent expansion/contraction
-relatively linear control
-Very high stress (>200MPa)
-Arbitrary shape
-Simple actuation
-Life time-millions of cycles
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SMA

Disadvantages:
-special alloy
-high annealing temeprature (~400oC)
-long time constant (time delay)



w.wang 192

Shape memory alloy application

• Cloth insert (Brassiere Underwires )
• Medical implant (vascular stents) 
• Temperature sensors or switches
• Damping device
• Micro-actuator
• Smart structure
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Twist and slide actuator
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Ferromagnetic Shape memory 
alloys FSMA

FSMAs are ferromagnetic alloys which 
also support the shape memory effect, 
undergo the characteristic martensitic
transformation upon cooling, and show 
all features of conventional shape 

-actuation mechanism are magnetically 
driven (3KG and larger). This difference 
allows for increased frequency response 
(fast actuation).

- large strains (around 6%). 
only alloys in the Ni-Mn-Ga
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Micro-Pneumatic Valve
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Hydraulic actuator

Potential s a lot of power can be delivered from an 
external souce along very narrow diameter tubes.


