19939 29 AMAIYA) A2 ALE 1

=8 93-09

N R HEE RE KR HE
SCHEREr, A

A Basic Study on Miniature Size Electrostatic Induction Moter
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Abstract

A miniature size electrostatic induction motor has been fabricated and studied with emphasis on the role
of the surface resistivity, the relative dielectric constant and the charge relaxation time constant of the rotor
surface materials and the rotor liner materials, which, however, control the surface charge induction and relaxation
on the rotor material surface and the field intensity between the rotor and the stator of the motor.

It is found that the surface resistivity and/or the relative dielectric constant, and the charge relaxation time
constant of the rotor surface material enfluenced significantly to motor speed controlled by the surface charge
induction and relaxation on the rotor surface depending on the applied voltage and/or frequency changing. The
resistivity of the rotor liner material is also found to be effected to the motor speed greatly by control of the
field intensity between the rotor and the stator and of the surface charge distribution of the induced charge
on the rotor.

As a result, a maximum no load rotor speed of the motor tested was about 5500 rpm at the applied voltage
of 4.5 kV and the frequency of 220 Hz for the case of the rotor surface material of BaTiO; 80% in the resin
binder layered on the copper-foil rotor liner material,

keywords . electrostatic induction motor(BBHEBH ), surface resistivity(REHEITE), dielectric constant
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Fig. 1. Schematic diagram and photograph of electro-
static induction motor fabricated.
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Fig. 2. Block diagram of 3 phase variable frequency
and voltage power source.
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Table 1. Specifications of fabricated motor

specifications of motor tested

air gap, g 1.0mm
outer diameter of rotor, d 25,0mm
inner diameter of rotor, d; 23.0mm
length of rotor, I 50, 0mm
weight of rotor, m 10.0 g
surface area of rotor, s 98.2X10°*mm?
diameter of stator, d 27.0mm
width of stator electrode, w 7.0mm
interelectrode spacing between

stator electrode, t 8.0mm
number of pole, p 3
pole pitch, p, 2
applied voltage to the motor tested, V 0~5100V
applied frequency to the motor tested, V 0~300Hz
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Table 2. Electric characteristics of rotor materials

”srurface surface surface surface
materials  resistivity symbol  materials  resistivity symbol
of the rotor  p(0/3) of the rotor p(0V00)
Ti 404 vapour
polyprophylene  8,5X10" PP deposited on  3.4X10° Ti 40A
polyprophylene
Ti 5 vapour Ti 504 vapour
deposited on ~ 4.3X10™ TI5A deposted on  2.6X10° TI 504
polyprophylene potyprophylene
Ti 104 vapour Ni 104 vapour
deposited o 3.2X10"" T 10A deposited on  1.4X10° NI 104
polyprophylene polyprophylene
Ti 20& vapour Ni 154 vapour
deposited o~ 2.8X10" TI 204 deposited on ~ 2X10° NI 154
polyprophylene polyprophylene
Ti 304 vapour Ni 204 vapour
deposited o 3.4X101° TI 30A deposited on ~ 2X10° NI 204
polyprophylene polyprophylene
copper tape 0 Cu
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Table 3. Electric characteristics of rotor materials

rotor dielectric  surface relaxation
o iy SRy o e

Ps T EobirPs
Bndert 105 0.6X10° 5.8 Ti0, 10%
z%i%“eﬁ& 12.5 0.6X10%  63.8 Ti0, 20%
S%i;defi‘az 4.3 0.6X10% 760  TiO, 30%
omderd .7 0.7X10° 1.3 TiO, 50%
7%1;%& 38.6 0.8X10% 273.4  TiO, 70%
oty 192 0.7X10%  119.0 BaTiO; 10%
p et 2.6 0.8X10% 1965 BaTiO, 20%
3013%“%%03 3.7 0.8X10%  238.7 BaTiO; 30%
40%/;“3@;;;03 45.9 0.8X10% 3%5.2  BaTiOs 40%
50%2“‘}365;03 5.3 0.8X102  405.9 BaTiOs 50%
w‘ggﬂ?ggoa 63.9 0.9X10° 509.3 BaTiO; 60%
oandert 755 0.8X10° 5348 BaTiO; 0%
Bindert g5 4 1,110 8318 BaTi0; 80%

80% BaTan

X Ko A 288 FEBEIMK (surface resistivity)
P HAEBE (relative dielectiric constant) ¢,-& ERE
(20T, 35% RH) o] J& ERERK (electromag-
netic shield room) 9l 4 REEH HERE (Hewlett Pa-
ckard Co., USA, 4329A) ¥ digital LCR meter (ED
Engineering Co., Korea, EDC-1620)2 AM&-3 A
BIEstgch 1 BEBHE B (charge relaxation
time constant)¥ 4](2)& AH&sle TFagon, o
7NM g Bk FERE Jehddh

T=E8:Ps (2)

E§ wEle) EHEEE & digital tacho-meter(Ono So-
kki Co., Japan, HT-431) 2 M@t on, HIMEED
AEks BEERIERHV probe, Keithley Co.,
England, 1600A), Mt (digital voltmeter) ¥ &
A2 23 2 (oscilloscope) & o] &3 ).
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Fig. 3. Motor speed as a function of different fre-

quencies of applied voltage to stator.
(liner material ; Cu., V=4500V)
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Fig. 4. Motor speed as a function of different fre-
quencies of applied voltage to stator. (liner
material s Ni 10 A, surface material ; PP)
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Fig. 9. Motor speed as a function of surface resistivi-

ties of rotor liner materials.
(V=3900V, {=60Hz constant)
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Fig. 11. Motor speed as a function of dielectric cons-
tant of rotor surface materials.
(f=60Hz constant, liner material ; Cu.)
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