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Abstract—In this paper, the mechanical properties of electro-rheological fluids (ERF) which undergo a phase-
change when subjected to applied electric fields are evaluated. Four types of different particle concentrations
and two types of different liquid viscosities of base oil(silicone oil) are adopted to study the relationship between
the shear rate and the shear stress with respect to the increment of the electric field. The electric field applied
to the ERF varies from 0 to 2.5 kV/mm and the revolution of the outer cylinder, employed to give the rotation
force to the ERF, ranges from O rpm to 500 rpm. It is observed that the shear rate and the shear stress have
a linear relation and that the yield stress of the ERF increases as a function of the electric field. Furthermore,
the feasibilities of using ERF as an actuator for vibration control are also observed through the construction
of intelligent cantilever beams featuring the ERF. The field-dependent capability of damping and stiffness pro-
perties of the beams makes the beams avoid a resonance phenomenon. In both the time and the frequency
domains, the effects of vibration control are examined to demonstrate this capability.

Keywords: Electro-rheological fluid, bingham behavior, shear stress, shear rate, yield stress, natural frequency,

damping ratio, vibration control
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Fig. 1. Relationship between particles and electrodes.
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Fig. 2. Schematic diagram of the apparatus for
electro-rheoligcal measurements.
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Table 1. ER fluid specifications

Viscosity of solvents(cs) 100 50

Classification ER11 | ER12 | ER21 | ER22

Particle concentration 30 40 30 50
(w/0)
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. damping coefficient
. critical damping coefficient
- electric field
. effective stiffness
. feedback gain
. effective mass
. controller
. displacement
X; . state variable
Xz . desired state variable
. amplitude
. experimentally determined constant
. shear rate
. damping ratio
. desired damping ratio
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' . damping ratio in the absence of the
electric field

&E) : damping ratio variation due to the
imposed electric field

n . viscosity of solvent

n . shear stress

t(E) yield stress

[0} . phase angle

Wy . damped natural frequency

Win : desired (undamped) natural frequency

oW > undamped natural frequency

, : undamped natural frequency in the
absence of the electric field

o,(E) : natural frequency variation due to the
imposed electric field
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