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Introduction

7 LODTM: L (Sb'(cs Diamond
Turning

O Adva ges of LODTM
ce complex
. geometries

Achieve high accuracy and
repeatability

Produce mirror finish
supftace

. \Q O Preofsign of LODTM
,&\QO # Radial: 28,0m (280A)
@ # Surfac igh: 4.3 nm (42A)

< Analogy: Is ~ 3500

Q times sm% diameter
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( ; Flexures S
m Bladeﬂe;f? :é‘b‘
# Paralle b@é
~ Cross Blad é @‘
~ Axial Blades fé .
O Flexible hinges v@
< Single Axis A\Q
+# Double Axis \6\‘ . &
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lade Flexures: Parallel Blades

[ Two par ades allow one transla@ gree of
freedom a rain all others. This mple shows

bolted constru ut monolithictesigns are also
common.
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( ;Blade Flexures: Cross Blades S

J Two cro I‘.dﬁj‘es allow one rotationa ree of
freedom a

rain all others. This mple shows
bolted construct éut brazed c@ctions are
common in co rfgroducts.
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( ;Blade Flexures: Axial Blades S

[ Axial bl aHbOW one rotational degr eedom and
constrain I's. The shape of the ges is

important to th %lorofthe exure.
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Blade Flexures: Axial Blades

O The ball-ga flexure for the NIF precis; Rtuator
requires tweéj?'ronal degrees of free , aprimary
constraint agaif« slation algn®\the screw, and
secondary con aén or the remajning degrees of
freedom. Note, som hﬁ s were removed to
better show the main f

g
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( ;Blade Flexures: Axial Blades S
3 The des'@@a) allows the minimum spAcing of blades
and maintai s{?pd axial stiffness. In aodition, the gaps
may be contro rovide ov@don protection. In
order for the de%b to have §ood axial stiffness,
the junction betwee bge td have to be
lengthened.
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Flexible Hinges: Design

(BAfi: mm » kg/rad)

t/mm 2.5 3.0
R/mm
1.0 0. 94Eb 1. 6Eb
1.5 0.70 Eb 1.2 Eb
2.0 . 58Eb 0. 94Eb
2.5 Eb 0. 91Eb
3.0 0. 73Eb
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C ; Piezo Actuators S
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Piezo Actuators

O DEFINITIO@ctuatorthat uses piezoelectu gbfial.
[ DESCRIPTION '%oelectric actuators are cla 1ed into the

single-plate, bim nd stacked types; nd.the popular material
Is lead zirconate ti PZT).

O The features are: /
Quick response, ‘
Great output force per volre

Ease of miniaturizatb\np simple structure,

Narrow displacemQ nge for @asi icro-displacement
control . %
~ High efficie %N ergy conversion. ®
O Piezoelectric ors are used for the actuatOr, r
sdch as ultrasonic motor, micro-gh cement
stage,ffan,y9ump, and speaker. @

micromachi
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Piezo Actuators

ving top end ceramic endfaces

piezoceramic

b __—  layers

hanism
c

e
stainfesS%et f
]
coaxial cable
-

bottom piece with threa
{fixed end)

O
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Piezo Actuators
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Piezo Actuators
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Electrostriction Actuators

O DEFINITIO F (b
< The gen ?P.oi strain in a dielectric mat®gal induced by an

electrlcfleld.@ °
[ DESCRIPTION

~ The model of crystalflattige o
one another by spring

< If an electric field is applie§
the cations in the mateMal'¥ acted in the direction of the

electric field whege e anions,are gitracted in the opposite
direction, witl: thi cing a stre&form the crystal
lattice. % .
< The strain j d by the electric field is S%Ued Into two by
o]

the pro f the inter-ionic springs dete &d by the
crg? tructure.
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(; Electrostriction Actuators S

J DESCRI mp %
< In a sy m(f}c'crystal, much part of extension and
contraction | celled betm%»neighboring
springs so tha whole crystal shows little strain.

'anharmonicity of the
springs causes a st IS proportional to the
square of the elect?Qi rength. This is known
as the electro r'\v'.ve strain effect.

~ Whereas an a metric Crys&lo S a strain that
IS proport'&} the electric field %kgth, which is
called ‘As}verse piezoelectric effe (?

S %

PILab if%-’?;)& 2 = ,,%ﬁi dhwang@cqu.edu.cn
reci

sion and Intelligence Laboratory

< Although, to be ac



mailto:dhwang@cqu.edu.cn

[ Electro n Effect
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(; Electrostriction Actuators S
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Electromagnetic Actuators

O DEFINITIO (b
<~ An actu&!}bht mses electromagnetic for

7 DESCRIPTION ¢ .
~ Magnet and c igg are the ma] ement for micro-

electromagnetic ac atos.
~ For sub-milimeter or s
electromagnetic device

sputtering are useful.\Q
< High-energy prodﬁaﬂd larges thicjhess are needed for the

thin film magpetsdrNpfder to raiseﬂe&wer of the devices.
2 . \% .

»&
N
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(; Electromagnetic Actuators S

O DESCRI }
f‘

# 0n the oth researchﬁ%yﬁewces based on
electromagnet] ses dn those with plane
structures such as types because it is

nd the cylindrical stator
odevices.

< With regard t ncy, rad p types have an
advantage appropriat ocess for winding
the coil ar e

. cylindrical sfatcé{st be
develo ;

[ Y
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Magnetostriction Actuators

O DEFINITIO (b‘
# The geneuéy.oi strain induced by a maghtic field.

[ DESCRIPTION /
~ The magnetos cgifect IS that t rain of a ferromagnetic
y

material is produce tay f fhe magnetizing direction of
each magnetic domain e rial in the direction of the
magnetic field.

< Recently it was discov%@t oys of iron and rare-earth

metals (Sm, Tb, D, Er, Tm, gnd s@.on) exert intense
magnetostriczio out 100 to 1@7@3 greater than that
generated by tional Co-Fe-Ni€llloy mjagnetostrictive
materials, a f&ce then these alloys hav% drawing
attentio Qypermagnetostrictive material®:

Q ‘?«go

PILab *%9&&5’5‘3 = ,,%ﬁ@ dhwang@cqu.edu.cn

Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

O DESCRI

~Z A magﬁ%

magnetostr
magnetic fie

( ; Magnetostriction Actuators S

iCtive actuator utilizing

ffect is drigeMby external

. efore a magnetic circuit is
necessary, but the @ e"of the actuator is that
it can be driven by wigeesi. Super-magnetostrictive
actuators have be -@ on an experimental

basis to a wir robot agd apobot that moves
through pipe

~ This effe%&?ﬁ so be refered &s J%effect.
N (?%O
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Co n Micro-Displacement Mechaniems

[ Flexure %+ Piezo-Actuators 4$(b
O Parallel Bl Piezo-Actuators
[ Rolling Elemen Ings + Piez@dator

[ Parallel Blades + St§gpepMots

o
O] 'ﬂ%éﬁ/ \JH'L/A
)

[ Parallel Blades + Elecﬁ
[ Aerostatic Bearing §St ppel

A
S
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(;rallel Blades + Piezo-Actuator;
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Rocng Element Bearings + Piezo-Act;';tor

N
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( ;arallel Blades + Stepper I\/Iotors
«gga e ,$%“
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( ;arallel Blades + Stepper I\/Iotors
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Pag:gl Blades + EIectromagnetic-Actﬁtor
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Desig rategies of Micro-Displacement<$tages

[ Design rg?}ments &‘b‘
O Key probl s/)'

~ Configurati &guides ¢

. S
# Driven modes fé@ .
O 4

S /.
R %60
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