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A new type of electrostatic linear actuator is proposed. It consists of a ladder-like slider,
and a stator formed by horizontal parallel-plates with slim electrodes placed at regular intervals
on the plates of the stator. The plates consist of an upper eléctrode and a lower one. As
the slider is suspended by a fine wire between the electrodes, it can move freely along the
electrode surface at the horizontal direction between the plates of the stator. To drive the
slider, the positive potential is applied on the upper electrode by switching the voltage on the
electrode one after the other, and the lower electrode is earthed. A scale model actuator was
fabricated. The slider is approximately 0.9mm thick, 70mm wide, 200mm long and 35g in
weight. Two plates form the stator at a distance of 3.0mm. The behavior of slider was
observed. We can cotrol the position of the slider by switching potential on electrodes using
electrostatic force between the slider and the stator. The slider moves from one electrode to
another keeping pace with applied voltage on the electrode. The electrostatic force was mea-
sured, and the measured value was compared with the theoretical calculation. Both are nearly
equal to each other when the slide electrode of an element is inserted in half of the stator
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electrode. The force depends on the slider position to the stator electrode.
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HZ20BHER, Fs: BEHTEN, V:EETRBOHMERE.
Fig. 1 Structure of an element.
L : Length of electrode, W :Width of electrode, d: Distance between electrodes, z:
Thickness of slider, X : Length of slider inserted between electrodes, eo: Permittivity
of free space, Fs:Force acting on slider, V: Applied voltage on electrode.
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Fig. 2 Equivalent circuit of an element.
C1: Capacitance of space between slider
and upper electrode, C2:Capacitance of
space between slider and lower electrode,
Cs : Capacitance of space between stator
electrodes.
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Fig. 3 Principal of continuous driving.
A,B,C: Electrodes on the stator, Si,Sz,S3:
Electrodes on the slider, Fs:Force acting
on the slider, V: Applied voltage on the
electrode.
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Fig. 4 Photograph of a slider.
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Fig. 5 Photograph of patterned electrode on the
stator.
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Fig. 6 Pattern of stator electrodes.
A,B,C: Terminals for applied voltage.
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Fig. 7 Arrangement of stator electrodes.

P : Positive electrode, N : Negative electrode,
B : Bed.
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Fig. 8 Photograph of experimental setup.
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Fig. 9 Force acting a pendulum and its deflec-
tion.
M : Mass, F:Force, L:Length of a pen-
dulum, X : Horizontal distance.
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SLIDER  ELECTRODE

(a) (b)) (ec)

X 10 EEBECHT5BHTFEROME
(®) 0% fLlE, (b) 50% L, (c) 90% friE.
Fig. 10 Positions of slider to stator electrode.
(a) 0% position, (b) 50% position, (c) 90%
position.
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Fig. 11 Relationship between generating force and
applied voltage.
3,0, A : Measuring values at 0%, 50%,

90% position respectively, —— : Calcula-
tion, N : Number of element (Number of
electrode)
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Fig. 12 Vertical force generating between parallel electrodes.

L : Length of electrode, W : Width of electrode,

d : Distance be-

tween electrodes, ¢: Permittivity, Fr:Force generating on elec-

trodes, V : Applied voltage.
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Fig. 13 Horizontal force generating between parallel electrodes.
L : Length of electrode, W : Width of electrode, d: Distance be-
tween electrodes, X : Length of one above the other, ¢ : Permittivity,
Fo: Force generating on electrodes, V: Applied voltage.
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Fig. 14 Electrostatic Linear actuator using dielectrics.

L : Length of electrode,

tween electrodes, z: Thickness of slider,
inserted between electrodes,

W : Width of electrode,

d : Distance be-
X :Length of slider
€0 : Permittivity of free space,

€1, €2, €3, er | permittivity, Fs: Force acting on the slider, V': Applied

voltage on the electrode.
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Fig. 15 Dependence of the relative permittivity of
the slider electrode on the generated force.
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