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A new kind of net-like structure formed by the metal spheres suspended in a metal/oil
electrorheologicalER) fluid is reported for the first time in this Letter. The experimental results
show that this structure is totally different from that formed by dielectric particles. After comparing
the two formation patterns, it is found that the dielectric particles in certain ER fluids align
themselves into chains or columns in the direction of the external electric field. The metal particles
in a metal/oil ER fluid, on the other hand, form a net-like structure of chains and no column could
be observed even when the ER fluid has been exposed to a high electric field. We attribute the
net-like structure of the metal ER fluid to the strong interaction between dipole fields induced on the
metal particles under the external electric field. Finally, the dielectric properties of the different
structures were measured and are discussed in this papet99® American Institute of Physics.
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ElectrorheologicalER) fluids consist of fine solid par- ling each other if their interparticle axis is perpendicular to
ticles suspended in an insulating oil. The effective viscositythe applied field, which gives rise to the chain or column
of ER fluids increases dramatically when an external electrigtructures when the applied electric field surpasses the
field is applied. These phenomena occur rapidly and are rehreshold values, respectively® However, all solid particles
versible. It has been thought that the increment of appareommonly used in the experiments are assumed to be non-
viscosity of ER fluids is due to the interactions between di-conductive, but a few of them performed with high conduc-
poles induced on the dielectric particfes. tivity, especially in the case of the metal particles. In a pre-

According to the conventional polarization model, as anvious experiment carried out with a metal/oil ER fluid
external electric field is applled to an ER fIUId, the partiCIeSSystem, we found an unusual phenomena in which the incre-
obtain an induced dipole momeptwhich is given below:  ment rate of the shear stress would decrease when the

p=a’¢ BE,, (1) strength of applied electric field surpassed a certain value.
The reason for this was thought to be the effect of a large
where dielectric loss of the metal ER fluid which results in an in-
(€p—€1) crease of the temperature of the ER fluid; in this case, the
B= (Ep+—2€f) (2 square relationship between the shear stress and the strength

of applied electric field, which were observed in most kinds
andE, is the local effective field acting on the particles andof ER fluids®® was no longer satisfied. Furthermore, recent
satisfiesE, = E+ AE, whereE is the applied external electric work has shown that the rehological properties of the metal
field andAE is the induced dipole field, anglis the complex and dielectric particles are totally differefit®
dielectric constant, with the subscrigisandf indicating the In this paper, a new kind of structure formed by a metal/
particle and fluid, respectively. oil ER fluid is reported for the first time. The experimental
The forcefy between dipoles has been calculated rigor-results show that the structure of ER fluids composed of
ously for the case of two spherical particles separated by getal particles is different from that of ER fluids composed

distanceR much greater than their radias of dielectric particles, where the particles line up to form
6 p2 chains or columns in the direction of the electric line under
4= (H) i 3 an external electric field. But the directions of the chains in

f

the metal/oil ER fluids are random. Moreover, all chains

The f4 will lead to the particles attracting each other if there form a net-like structure and no columns could be ob-
their interparticle axis is parallel to the applied field or repel-served. We consider the physical mechanisms of structure
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structures of the ER fluid were observed with different sizes
of ER fluid cells under an optical microscope, and their cor-
responding dielectric properties were measured with an LCR
meter(HP 1345A. The digital oscilloscope with a high volt-
age probe was used to measure the strength of the applied
electric field.

Two-dimensional structures of the metal ER fluid are
shown in Fig. 2. As can be seen from FigaR the particles
were distributed randomly in the area between the two par-
allel electrodes if no electric field was applied. When the
field strength was increased to 100 V/mm, some short chains
were formed near the two electroddsg. 2(b)]. When the
electric field strength was further increased to 300 V/mm, the
chains began to grow from the two electrofiegy. 2(c)]. But
auto- switch HV probe the aggregation of chains was stopped when two chains came

into contact with each other, as can be seen in Fid). 2f
the electric field was applied to the metal ER fluid suddenly,
FIG. 1. Schematic diagram showing the experimental setup. then the final state of the structure pattern was as shown Fig.
) ) ) 2(e). This pattern is totally different from that shown in Fig.
formation for these two ER fluids to be very different. The 2(f) which was the result of the same experimental procedure

effect of the induced dipole field of one particle on other o omed with glass spheres. This structure formation is the
adjacent particles cannot be ignored when metal particles alg%‘me as that observed by other auttorS.

involved. In this case, the local field depends strongly on the The physical mechanism for the structural differences

dipole ﬁel_d' As the result. of a nonuniform local field, the between metal and dielectric particles can be explained as
metal chain _arrangeme_nt is completely randorr). On the Otr?%Ilows. According to Eq(1), the induced dipole moment, as
hand, the dipole field induced on the dielectric particles iSy e a5 their polarization directions, are determined by the
very small and the local field is thought to be homogeneoug, . field. If an ER fluid is composed of glass particles, the

in two .paralle'l electr.odeg So the directions of ,a”_ChainSinduced dipole field Eeqis very small and is thought to be
would line up in the direction of the external electric field. In negligible, s0 the local fIElf; gasseis Mainly determined by

addition, the dielectric properties corresponding to different, o ayternal electric fielé. In this situation, the electric field

structur(_as of_ metal/oil ER fluids were measured and are d'sécting on each and every particle may be considered to be
cussed in this Letter.

; . , . .. uniform and is equal to the external field strength. So the
_ The ER fluid used in our experiment consists of Silicon girection in which the chains arranged is the same as that of

oil (_:ontamln.g |pd|um mlcrosphere-s with a ra_d|us of 2. the electric line produced by the external electric fighib.

At first, the indium spheres were immersed in an NaOH S0y )] op the other hand, when the metal spheres are distrib-

lution with a concentration of about 2% for 15 min to clean o randomly in the parallel electric field, as a result of the

the sphere’s surfaces and then they were placed i goct of the Jarge dipole field\E,qy acting on the metal
vacuum oven for 2 h. The dried particles were mixed with

silicon oil immediately after they were taken out of the oven.
The volume fractions of the spheres are about 0.2. Before
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taking any measurements, the ER fluid was stirred in order to [ ‘ ' ' '
keep it uniformly mixed. A schematic of our experiment
setup is shown in Fig. 1, where two- and three-dimensional 12° -
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FIG. 2. Development of the two-dimensional structure of a metal/oil ER Electric Field (V/mm)

fluid containing 0.2 volume fraction of indium spheres with increasing elec-

tric field. (a) E=0, (b) E=200 V/mm,(c) E=500 V/mm,(d) E=700 V/mm,

(e) and (f) are the structural patterns formed with metal and glass spheref|G. 3. Dielectric properties and energy of the metal ER fluid as the electric
when the electric field is applied suddenly. In both of these cases, the eXield was increased. The measured frequency was fixed at 200 kHz. The
periments are performed under the same conditions. volume of the ER fluid cell used here is 70 @ mmx1 mm.
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tric loss is due to the change of the structure when the elec-
tric field surpasses a threshold value which can be seen in
Fig. 4. Figure 4a) and 4b) are the structural patterns ob-
served when electric field was below and above the threshold
value, respectively. The actual physical mechanism is un-
clear at present. We can suppose from the structure change
that this may be another reason why the shear stress of metal
ER fluids begins to decrease when the electric field strength
FIG. 4. The structural changes when the electric field strength is below angurpasses a certain value. Finally, we recommended that fur-
above a certain threshold value. ther theoretical work be conducted to explain this structural

. o ] formation.
spheres, the local field for each particle is decided not only
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