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ai, a2, ax( a2 = a3 = c), ,
(Landau 1984 Eringen ~ Maugin, 19907,
Ei= EV(1+ (d7d - 1)n) = AER,
Ey, = EY(1+ (o/d' = 1)n,) = AEY, (1)
El= EY(1+ (a/d'= )n.) = AE™
2
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SRS
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(1- HE"+ ' = E, (2)
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)
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* Bossis  (1993)!"*
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B
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Ay(L= b+ BL)72(EY) 4 A(1= 4 W) (B2 (6)
) E° z : (X, Y, Z)
al, a2, a3, X , 7 (x,7v) . ,
EX sinf cos ¥ sinfsin®  cosO] | 0
ESt= |- cosOcos® — cosOsin® sin0< 0 , (7)
EY sin ¢ - cos® 0 E°
0 X z , P X (x,y) x .
(7) (6), Ay = A,

W=— 0.5 a— o)ao( E°)*[Ac(1- ¢+ $,) *cos’ 0+
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General Constitutive Equation of an ER Suspension
Based on the Internal Variable Theory

WANG Biao', XIAO Zhong min’
(1. Research Center for Composite Materials, Harbin Institute
of Technology, Harbin 150001. P R China;
2. School of Mechanical and Production Engineering, Nanyang Technological

University, Nanyang Avenue, Singapore)

Abstract: A microstrudural constitutive theory of ER suspensions was formulated in this investiga-
tion. The framework was based on the internal variable theory and the mechanism analysis. The ER
suspension consists of fine partides with high dielectric constant and the supporting fluid. Under the
action of the electric field, the polarized particles will aggregate together to form the chain like struc-
tures along the dire¢tion of the electric field. As the size and orientation of the particle aggregates are
volaile, and they adjust according to the applied electric field and strain rate, the energy conservation
equation and the force equilibrium equation were thus established to determine the orientation and size
of the aggregates. Following that, a three dimensional, explidt form of the constitutive equation was
derived based on the interaction energy and the dissipation fundion of the system. The response of
the system under the adion of a simple shearing load was considered and discussed in detail It is
found that the shear thinning viscosity of an ER suspension is well approximated by the power_law o
(Mn)~ %%,

Key words: electrorheological fluid, internal variable theory; constitutive theory



