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Magnetostrictive Microactuators
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Motion Principle and I ts Properties
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Fluidic Switch

W The cantilever arm is 2 mm long, 1 mm wide and has a
layer of 20 um (Si) and 5 um (TbDyFe).
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Membrane-type Microvalve

B The valve consists of an external coil, a bimorphic

magnetostrictive membrane actuator, two inlets, an outlet

and the valve seat. ¥
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Electromagnetic Microactuators
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B A reluctance type stepping motor
» Consist of a serrated stator and a magnetic rotor consisting
of three magnetic subsystems to produce a sliding motion
according to the magnetic bearing principle.
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T E e B A rotary reluctance motors
e s » It has a permanent magnet
: rotor with externally
extended poles and a stator
with internally extended
poles; around the stator the
electrical coils are wound.
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Rotational electromagnetic micromotor with gears

B SLIGA 100pm
500 nm

B The coil windings of the stator pole are made of an
aluminum alloy wire using wire bonding

B car WHENE - Ml e Unonky of Wiscoasn-Slainon
i ypearmant of L ecinzl aad 1 ompaies Engneermg

=® NKFUST

Micro-stepping electromagnetic motor

B A 3-phase variable
electromagnetic reluctance
micromotor having six stator
poles and four rotor poles.

B Stator height 300 um

B keeping the rotor relatively
thin as compared with the
stator to reduce the friction
between rotor and substrate.
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Micromotor Using a Rare Earth Rotor

B The rotor, a magnet made of rare earth metal alloy
(SmCo), has an inner diameter of 0.5 mm
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Microvalve

1 % % ® The valve was manufactured
r
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using UV exposure and
galvanic deposition together
with new PR material (AZ4000
from Hoechst).

W The lower active chip has a 2 x
2 mm? square membrane
made of a galvanically
deposited FeNi alloy.
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Microswitch

B A miniaturized
electromagnetic switch
with a planar magnet coil

W The plate moves back to

its original position by
means of a spring (not
shown).

B The actuator has a
diameter of 12 mm and

is 2.5 mm high; its plate

1
g (n lift is 0.3 mm.
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Linear Micromotor

W Due to the height limitation of about 20 mm in the silicon
technology, the forces that can be produced are very
weak.

B A linear motor with a sliding rare earth magnet using
planar coils. (24 cm/s)
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Linear Micromotor Prototype

B The coils opposite
one another are IHT I"IFl'{'
driven sequentially
with a current of the
same magnitude so - }J‘r ﬁjhgﬂ t-i
that a traveling
perpendicular
magnetic field
(parallel to the
magnetization of the

permanent magnet) is B e EELEREY - B e ookl lesie for Skder
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SMA(Shape-Memory Alloy) Microactuators
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SMA

B The SMA transforms from the austenitic state into the
martensitic state as the temperature sinks under the
critical temperature.

B The shape of the SMA can be deformed by up to 8% (as
for NiTi-alloys.

W In the low temperature state, the SMA keeps the desired
deformed shape until it is exposed to a higher
temperature.

B Characteristic for actuators that use SMA are their low
complexity, light weight, small size and large
displacement.
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SMA
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SMA

W |n this (martensite plateau) temperature range, the alloy
can be deformed considerably under constant stress .
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SMA

B One-way effect.

B The two-way-effect offers more application possibilities,
especially for microactuators, but it is of less magnitude as
the one-way effect (max. 5% for NiTi-Alloys)

W NiTi alloys have their critical temperature between -100°C
~100°C. Small switching temperature range (about 10-
20°C) limits the application.

B NiTiPd alloys which have a higher transformation
temperature of about 200°C.

B Disadvantage: relatively long reaction, hysteresis.
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Expansion and Compression Springs Using SMA

B When heated the spring transformed into an austenitic
structure, it lifts the weight up to a certain height. By
cooling the SMA spring under the "switching point”, the
weight deforms the "softened" martensitic spring.

TeT, T =Ty, T=>Ta;
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Active Endoscope Using SMA Spring

B The prototype is 215 mm long, has a diameter of 13 mm
and consists of 5 active segments.
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Catheter Design Using SMA

B The SMA contract when heated by electric current. The
direction of motion of the endoscope and its angle of the
bend can be controlled by selectively applying electric
voltage to each of the three wires.
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Micro Grippers

B Two successive lithographic and three wet etching steps to
produce the microstructure. A 5 um thin NiTi film was
deposited using the sputter technique.

NiTi microarm

100 silicon subeh
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SMA Microarm

B By heating above T,;=57°C, the SMA actuator returns to
its original curved shape; when the temperature is
lowered, the microarm straightens out. If the temperature
falls below Ty, =-9.1°C, the material bends in the opposite
direction. (SMA two-way effect)
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Thermomechanical Actuators
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Working Principle

B Based on the principles of a change of the shape or the
volume of a material which takes place when heat or cold

is applied to it.

B Bimaterial actuators: made of layers of different materials

which have different thermal expansion coefficients.

B Another type of thermomechanical actuator uses the
thermal expansion of gases or the liquid-gas
transformation to produce an actuation.

B Disadvantage: Miniaturized thermomechanical actuators
have short response times. However, the actuator's ability

to exert a force is also reduced.
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Bistable Cantilever Actuator

B Consists of a U-shaped three-layered thin-film cantilever
beam (polysilicon - silicon dioxide - polysilicon), a tension
band (silicon nitride) and a three-layered anchor structure

(polysilicon - silicon nitride - polysilicon)
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Principles of Bistable Cantilever Actuator

T

3\, - B A current |, can be applied to the
' wa:  anchor and I, and I, to the upper
and lower polysilicon layers.

B Upper to Lower stable state: I, +
I, and off

B Lower to Upper stable state: I, +

‘ ﬁ wer 1y and off
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Ciliary Microactuator System for Locomotion

ki

"“I W Consists of a multitude of flat

i bimaterial microactuators

. forming an actuator array that

: moves smoothly according to a
i coordinated motion principle.

|

e : B Particular interest is the low
— friction.
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Ciliary Microactuator System

B A micro-heating element
is embedded between its
two polyimide layers.

W 512 elements were
arranged on a 1 cm?
substrate.

B Silicon plates weighing
2.4 mg moves at a speed
of 27 um/s and an
operating frequency of |
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Microvalve

B There are four n*-doped, 600 um wide cliplike polysilicon
heating strips bonded to the membrane.

B Produced by seven lithographic steps, including wet and
plasma etching and galvanic deposition.
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Microvalve

B When a current is applied, the polysilicon heating strip and
silicon membrane are heated up causing the membrane to
buckle downward and to open the valve.
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Principle of Thermopneumatic Actuators

B The thermal expansion of gas or the thermal
transformation from liquid to gas or vice versa can be used
to drive micropumps and valves.

SiO, layer and a

: ° B0 um
NiCrSi alloy layer ., |-.|—|..|
r i
.:I.i.'.l — - P . (1.7 pmm
ES
=
140 jrm
el 0
g Sl (= B} nm)
] w—
_CED

Wsek XH (ER ) REME - W3 [Min )

=® NKFUST

Pressurized Membrane

B The light absorber heats the liquid, the inner cell pressure
increases and the membrane is pushed outward.
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Micropump Using Worm-like Motion
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Thermopneumatic Micropumps

B The pump consists of two passive valves and a polyimide
membrane between two plastic substrates (made from
polysulfone using LIGA molding).
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Thermopneumatic Micropumps

B With a pumping
frequency of 30
Hz and an
operating
current of 100
mA, the pump
was able to
pump 220 pl/min
of air.
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Microdosing System

B When the two pumps are combined with a detector and a
mixer, a dosing system can be built to be used for
chemical analysis.
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Thermally Actuated Micropump

an integrated heating element.
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B Consists of two passive valves, a pump chamber and a
pump actuator, which is provided with an air chamber and
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Thermopneumatic Microvalves

_— Bl

bulges out to

the flow.
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B Normally open.

B When the resistors
are activated, the
liquid in the closed
chamber expands
and the diaphragm

decrease or stop
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Thermopneumatic Microvalves

B Normally close.

the valve cham
is heated, the ri
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B When the liquid in

membrane support
(pedestal) lifts off
the valve seat and
opens the outlet.
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Electrorheological Actuators
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Electrorheological Liquids

B Electrorheological liquids change their flow properties
under the influence of an electric field.

B An electric field can solidify the Electrorheological liquid to
a plastic body by increasing its dynamic viscosity, and the
process is reversible.

| (hydrophilic)
(silicone acid anhydrides)
paraffin
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Electrorheological Liquids

B The electrorheological liquids consisting of polymer
particles (15~50%) and silicone oils.
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B The viscosity increase is caused by the polarization of the
solid particles when an electric field is applied.
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_ B The transition of a
jﬁ'i: Newtonian liquid to a
' Bingham body under the
influence of an external
& AT field.
i B L
I o #:% ® Both 1, - the static yield
stress and Ar - the field
induced stress increase
due to the external field.
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B Not desirable to have a large amount of solid particles in
the liquid; usually the amount is kept at about 40% by
volume.

B The switching times that can be reached are in the range
of a few milliseconds with an applied voltage in the kilovolt
range.

B The great advantage of clectrorheological actuators is their
simple design compared with other actuators.
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A Rotational Clutch Shear Principle

B The device must be relatively long in order to create a

large contact area between the liquid and the rotor, and to

avoid the inertia effect.
i
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The 4-valve Bridge
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Hydraulic and Pneumatic Actuators
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Flexible Rubber Microactuators

B Expand along its longitudinal axis when the pressure is
increased equally in all three chambers.

B Bends in the opposite direction If the pressure is only
increased in one chamber.
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Robot Hands and Walking Machine

B The four-fingers (@12 mm) hand and the 6-legs (82 x L12
mm) walking robot.
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Pneumatic Multiactuator Microsystem

B Allows flat objects to be lifted, transported and positioned

by air currents coming from several microjets.
Y L]
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Air channel
100 x 200 um
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