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Test-Manifucture of Artifitial Fingers
(Ist Report)
——Characteristics of Electro-Fluid as a Control Element——

by Taiji Konpo + Noboru Sucimoro

Winslow effect is defined as an essentially instantaneous reversible change in apparent viscosity when
_a fluid is subjected to an externally applied electric field.

In this papers, we report the result of our investgation which will be devoted primarily to reological
and electrical properties of Electro-Fiuid, and the laws, and mechanisms which govern their behavior.

Winslow effect had been so far evaluated by the increase of apparent viscosity, but here E.V.Induced
shear stress 7z was introduced to take place of it. 7y is expressed as the difference between whole
shear stress and the shear stress which is induced in the absence of the electric field.

The property of Winslow effect of Crystalline cellulose-Diphenyl chloride suspension was typical of
most Electro-Fiuids and was found to be a function of many parameters such as composition, shear
rate, field strength, frequency, temperature and moisture.

~When only one parameter is varied, E.V.Induced shear stresses increase with increasing volume
fraction (it must be approximately equal to weight fraction) of disperse phase, field strength, and
temperature, but decrease with increasing frequency.

The moisture (water content) is a parameter that is difficult to be evaluated quantitatively and
universally as well. So, here the dielectric constant was introduced in place of the moisture.

Thus, E.V.Induced shear stress 7p by measurement is:

_ o Bt es—e)?
by

"where E; is the external electric field, p, is the weight fraction of disperse phase, & is the dielectric

constant of the Electro-Fluid, ey is the dielectric constant of the Electro-Fluid having no moisture in the

TE

disperse phase, and C is a constant coefficient.
Here we can find the weight fraction in a denominator because of interaction between p, and es—ey,.

On the mechanisim of Winslow effect, at first we adopted the following model.

* Bz Mechanical Division
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“FBach particle in flowing fluid repeats to pass the other particles, and the electric field applying to
particles results induced interfacial polarization, thus induced attraction among particles, hence dissi-
pation heat rises”.

Consequently, by connecting the attraction with E.V.Induced shear stress theoritically we get :

24 o Ey?(e5—eg)?
— e [
n age/ py

where ¢* is the space permitivity, f, is the energy barrier coefficient, a is the mean radius of particles,

Tp=

&y is the dielectric constant of dispersion medium.
In view of the fact that ¢, is approximately equal to g4, and the energy barrier coefficient is inversely

proportionate to /p, at high weight fraction, this equation has the analogous form to the form previously
expressed experimentally.

As for the mechanism of the polarization of particle, the dielectric dispersion of Electro-Fluid was
useful to study it quantatively.

When electro-fluid has little moisture in its disprese phase, the characteristic frequency is very
small and is approximately equal to the theoretical value which ionic mobility on the surface of starch
particle expresses as the characteristic frequency.

Thus we get the conclusion that the mechanism of Winslow effect is able to be explained sufficiently
by the electro double layer hypothesis quantitatively.

On the base of this theory, we developed new Electro-Fluid and more typical one at that, which had

ionic exchange resin as its disperse phase. It will justify this theory.
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Fig. 12 Influence of Electric field on particles.
(a) Random distribution of particles before
applying Electric field.
(b) Construction of chains between electrode
by means of Electric field.
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To develope more typical Electro-Fluid which is used as a control element, a trial
elucidation of the mechanism of Winslow effect was made.

As a typical example of most Electro-Fluid, Crystalline cellulose-Diphenyl
chloride suspension was used to extract and arrange its parameters which compose
the property.

As the result, it was concluded that the mechanism of Winslow effect could be
explained sufficiently by the electro double layer hypothesis qualitatively even
quantitatively. Hence new useful Electro-Fluid which was composed of ionic
exchange resin as its disperse phase was developed.

O

(Fig. 29, Ref.16)



