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Abstract Electrorheological effect on the dispersive system of polarizable fine powder/dielectric oil has
been investigated. ER effect was explained divided into following 3 mechanisms; (1) surface conduct-
ance, {2) bulk conductance, and (3) induced polarization. Mathematical model which predicts the inter-
active force between two fine particles in the electrorheological fluid has been introduced based on the
induced polarization mechanism. This model may provide guide to select materials for strong ER effect.
The attractive force between two particles was calculated using the above model for the selected 7 mate-
rials such as ceramics, ferrites, polymers etc. From the calculation result, it was found that the ceramics

and ferrites are good materials which show a strong ER effect.
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Fig. 1. Effect of DC electric field on the structure
formation of an ERF. ERF is 27 um glass beads in
silicone oil. (a) E=0 and (b) E=2kV/mm.
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Fig. 2. Some of the means by which particles may
be polarized. (a) Surface conductance (b) Bulk
conductance [Adopted from ref. 6] (c¢) Induced

polarization.
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Fig. 3. Location of the dipole m,, m; at arbitrary
position.

244 ERFZ& modelling3dl7] 938t S
o] AFAAbolo] ALEHE HT AFHE A
st HSkrh. Fig. 39F o) M9 AFa m
» meZb 4oe #xje] EAStu A}
77 0 0,F F ASHY FAA olfn
82k, AB W o2 B33 mrl QloH o2
At A2 mel FAA oA #AHA
A9 o7t B .

1 -e e

(— + —) 1)
47!.'6 AO] B01

@:

A7)l e AAFBEolh A7 AIA
Wel 4§ dat Abolel Agl L #3A
o Aelel wlate] W &7 WEel BO, A}

ol Aelg AOelel AE 7NEo= Tay-
or F4 AAsE AN Bew o 4
& slh

m 1
- grad( —) (2)

4re r

o= —

} A} & potential energy W

% Aol o9
¥ 8+ Yok

et ol
W=-e,0y + 05 = ;(-Py + @4 +

oD

1( ) + ) = m-grad (®) (3)

ar

4 @A T8 2AE 4 3ol st
Aeshd g 2ok

m; - mg 3(ml . I') (mZ * I')
W= (4)

4xer’ 4rer’

Ag7lol A T B2z my, my Akele] Zb ¢, 1
g1 6, 2 6,5 Fig. 3.9 Zo| Heost¥ po-
tential energy W 231 o] & & drh

m; - M
W:

(cos¢-3 cosfl, cos;) (5)
4rer?

ool 5 43 my, m7h 9 RW71ge)
o] o3l A7) A o g WA, F
B3 ALY ¢ 00 HuR H(5)e o
o3} o] Atk

2m1mz
W= —

(6)

4mer’

Fol A7 ZM 7| ] FFA7F Ao e
o2 Wdstes Axs A AAlel material
propertyol] £&tth, A=A Alolo] 283t
g
oW 6m?
F=- = (7)
ar drert




A4 F-H & U 23S 2 oA AA/HIRA BAAIAY WA SRS 189
a

azle A F 529 avle goa 7R
Row v FHFA duFd&s
o}

A (& EN98tde 4534 m7t 4%
Aol 54 3 M7 ez gHH ok
o o] EAE A st 2aw 73]
Ao L A7)l JtEtg FoEM LA
e YA uiE ® o5 AR E A detd
Brl2 §oh 7o WRele AHFHA}L EA
32 @gomz A7AQ A= Laplaced] &
grEste] gt

Vi =0 (8)

HEG FAxAL =Yctd FEAFREAE 4
&8 4@)& 98 ted 2ol AqF ANF
Sol ¥ FATA el o HoAM A
= 95 A7 & I3 FHAFA F=
" A7E=S 8 dog Yed g

(e,—&r) R?
— Ecos 8§

(ep02e0) 17

®= -Er cosf +

(9

q71el Ex 9% HAFAI, re 4% 3
doz R oo AN Ag, 6= FAT
Autel qdelel A gxtel HasA Arte

w7l gol YA AA wike 7 121
Re 7¥A%e Mg 22 Yepdd. 3
B4 pe A% 22 fE FARAES UEp
o AFA kel Ade AIAG SHTA
el dodel Adel M EAY + AL
FE2 A7) QP 437 SEE e 2
o},

(Ep"Ef)
m = 4aR%E

(ep+26:)

2\
1)
8

a
&

k2
e
o
s
o
il
=

£* = x-

] (11)

W,

A7) A o HVIAEE, wE angular fre-
quency, && AEFoAe HU{FHES Y
Bt 4 (10)# & (11)E & (Dol g
3 R HI|F oste] YR HA
H AFAd oele wAsts 43 Y FE
ANE + Aok

Ot
(gp-00))*

(ks 1) (kp=£i-

F WE, WE,
4 i
(kp + 2k (op + 200))*
we,
(12)
a7l A fe g3 Zo)l HoHu)
247R% E?
f=—"" (13)

I,A

A (12)eA 2de A7]3 FEA oz o
=07} A FAFFIE BEAYS olnR F/P
ghe] ddigre #Hawd o3 #Zok

ap

el (kv - £0° + ( )¢
wE,

—= (14)

dp
)2

(ICp + 2&{)2 + (
we,

PAAA L AEA PYAo)E A7 FE QA7}s)
o ottd AVFdESE el Ao YA
7h AtEE BAA AL YRE FIe B2
7] W&ol d@HAel gl 2y YA E®
A Btez ¥ ¢ 3 dabzp
FAE dare] A7l vidte BEAG®
I AR E Y A(14)e deFd 3o
3 ®dd" 4 Qloh

I A S
SURSURRCANS

F
— = K (15)
B



190 FZAHETEIR A3A A2E (1993)

E3 JARRA AT FeAed Mg
op7F 0] H7) wi&el 4 (14) o33 2ol
"

F ke (kp — £)?
—= _— (16)
B (kp + 2k)?

ERFldE §iAe) fa457 F8 299
SAAERT 5] WEC) UG ARAANR
& QAT 9 (distorsion) 5o} G
BAZPNN AR AV FATFORR
AREE Az ZoP A o) B YAE
of wlx A Bl MY YR A&e A
A ©o. ol@d ¥4 =43 sd Fie
4.9 2t

Fig. 4. Force between two dipoles in a dielectric
fluid.

Table 1. Dielectric constant as a function of frequency

U e €'/¢eo €” /e

AR, L AEH f=100]f=10"]f=10°[f =10]f=10]f = 10°
Glasses j

Corning 0080 8.3 7.35 6.9 0.647 0.162 0.069
(Soda-lime-silicate)

Ceramics

Titania and Titanate 1240 1170.0 1143.0 44.64 17.55 12.0
Bodies

Ferrites(Crowley 20) 35400 1590.0 100.0 8.531 0.234 0.014
Plastics 7.6 4.9 1.748 0.27 0.093
Bakelite BM-16981

Catalin 94.0 8.0 155.1 6.56 1.28
700 Base (prystal)

Melamine formaldehyde

(Melmac molding) 8.43 6.37 5,77 1.703 0.293 0.237
Elastomer 7.5 6.2 5.7 4.5 0.205 0.542
Neoprene

Kel F oil 2.61 2.61 261 | 0006 | 00 | 0.001
e =& + j¢” )
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Fig. 5. The calculated forces between particles sus-
pended in dielectric oil under an applied electric
field.
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