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Experimental investigation for the time-dependent effect
in electrorheological fluids under time-regulated high pulse electric field
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A new time-regulated high-voltage power supply is designed to investigate the dynamic process of
the particle—particle interaction in electrorheologi¢BR) fluids. Its shortest acting time on the
particle is less than 200 ns and the field strength can be adjusted linearly from 0 to 15 kV. At a field
strength of 1.2 kV/mm, it is found that the initial response time of the glass microsphere is 18 ms
and the respective chain and column formation times are measured to be about 125 and 900 ms.
During particle aggregation, a sensitive shear stress device is applied to test the time dependence of
ER effect and the results indicate that there exist three different stages of increasing effect. In
addition, it is found that the aggregation of the microspheres becomes faster and the interaction
among particles is much stronger under higher field strength.19@8 American Institute of
Physics[S0034-674808)03810-9

I. INTRODUCTION microspheres in the silicon oil will aggregate only when the
) o ) ) time of the electric field acting on the particles reaches a
_An electrorheologicalER) fluid is a colloid which con-  carain threshold value. The aggregated particles form chains
sists of fine particles suspended in an insulating oil. They,ny columns sequentially if the acting time on the particles is
effective wscosny of_ ER.ﬂUId increases dramatically wheng ther increased. During particle aggregation, the ER effect
an external electric field is applied. These phenomena occyfyced by the interactions among the particles increases
rapidly and reversibly. In the past decade, much theoreticgh,q,gh three separate stages. In addition, it is observed that
and experimental work has been accomplished on eleGyg 4ggregation of the particles becomes faster and the inter-

trorheological fluid (ER) due to its potential industrial ,ction among particles is much stronger under higher field
applications.™’ It is thought that the change of viscosity of strength.

ER fluids is caused by the dipole—dipole interaction induced
by an external field on the particles.

According to the conventional expression of dipole—||. EXPERIMENTS AND RESULTS
dipole approximation, the force between the dipoles induce% Time-d dent effect of particl i
by an external electric field can be given by - lime-dependent eflect ot particie aggregation

) In order to study the time dependence of the particle
_ 6p aggregation and corresponding ER effect, a special high-
F= Amrege;dt power supply was designed for our experiment which is
shown in Fig. 1a).1* It consists of five parts(l) function
Here, p=4meya’e; BE represents the dipole mometit.is  generator(HP PM5238, (2) low-voltage dc power supply,
an external filed applied on the system, which can be though®) high-voltage dc power suppi—15 k\), (4) trigger sig-
as a dc field during acting period in the experimeft. nal source, and5) high-voltage switch HVS(HTS 150-
=(ep—€1)/(e,12€;) expresses the mismatch factor of the PGSM, BEHLKE ELECTRONIC Gmbk As can be seen
permittivity between solid and liquid phase, where the sub{from circuit diagram in Fig. (a), the trigger signal produced
scriptsp and f indicate the particle and fluid, respectively. by the IC2 is used to trigger the function generator PM5138.
The particles aggregate if the foréebetween neighboring Its period T is varied continually througlVg, andC*. To
particles surpasses a certain value. This aggregation phenorentrol the time-on width,, of the trigger signal outputted
enon has been observed by means of test methd@slow-  from the function generator, one burst wave number of
ever, no direct observations for the dynamic process of paPM5138 should be chosen, thus the time-on ptisewhich
ticle aggregation and the formations of chain and columris defined as acting time on the particle can be adjusted eas-
were made, including that for the time dependence of the ERy. The output wave from the PM5138 can be seen in the left
effect. upper side of Fig. (), whereT andt,, of pulseTr, which is

In this work, a newly designed time-regulated high- used to trigger the HV switch, are controlled by the IC2 and
voltage power supply and a sensitive ER effect device ar®€M5138, respectively. The magnitude of the high-voltage
introduced to investigate the time dependencies of the papulse is controlled linearly by a high dc power supply, which
ticle aggregation and corresponding ER effect induced by theanges from 0 to 15 kV, see Fig(l. With this configura-
interaction among the aggregated particles. The results shoton, the requirement of an acting timg less than 200 ns is
that, under fixed electric field strength, the suspended glassatisfied. The difference between the high-voltage pulse gen-
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FIG. 2. Structure changes at differagt. HereV,,_ is fixed at 1.2 kV/mm.

33

=1.2kV/mm. To measure the minimum acting timg
needed to generate relative motion between two neighboring
particles,t,, was increased gradually starting from 200 ns
while the movement of the particles was monitored. Since
the size of the microspheres used is 4, the Brownian
motion could be ignored. It was found that no obvious par-
ticle movement could be detected urttjl was increased to
16 ms. It can be seen from Fig. 2 thattgt=0, all particles
were dispersed randomly in the oil. Whgpreached 51 ms
some short chains could be clearly identified as shown in
Fig. 2(b). As t,, increased, the chain length increased and
finally stretched across two electrodes; see Fig).2The
time needed for the chain formation ranged between 100 and
130 ms. Figure @) shows the final column state fdr,
=840 ms, where individual columns could be observed. For
t,>840 ms, then all columns were in stabilization and no
change observed for highgf. We have also tested the in-
teraction under different field strength and found that the
higher the field strengths, the faster the particle aggregation
erators that are available commercialuch as Cober Elec- and the higher the particle interaction.
tronics, 605 P or DEI, GRX-6.0Kand ours is that the peri-
ods of time-on and -off of ours can be adjusted individually,
which is particularly useful to monitor the particle aggrega-
tion within an individual pulse-on period. Figure 3 shows the schematic of a sensitive ER effect
The experimental cell used to contain ER fluid is formeddevice designed for testing weak interaction among glass
by mounting two parallel electrodes onto a glass slide, ormicrospheres suspended in oil. The ER effect is measured by
which a drop of well-mixed glass/oil ER fluid is dispersed. using a parallel plates torsion system with a pules electric
An optical microscope with video recorder is employed tofield applied across the ER fluid sandwiched between the two
monitor the dynamic process of particle aggregation as thearallel plates. The lower plate is mounted to a computer-
electric field is applied to the sample. The volume fraction ofcontrolled motor whose rotating speed is fixed at 0.001 rpm.
the sample is about 0.05-0.06. During the experiment, th&he upper plate is held by a stainless wire on which a mirror
high-voltage pulse width,, is altered to examine the particle is fixed. Without field, the reflected laser spot on the reading
behavior. Data are collected under a pw4g, of 1.2 kV/  device is at the left zero positiofsee upper left of Fig.)3
mm. and corresponds to the lower plate rotating very slowly and
Figure 2 illustrates the aggregation process of the glasdragging the top plate. When an electric field is applied, the
microspheres under an external electric pulse \gf,  viscosity of ER fluids increases and results in the displace-

FIG. 1. Schematic of the electronic system.

B. Time dependence of ER effect
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FIG. 3. Setup for ER effect measurement. The motor speed is 0.001 rpm. tW (Sec_)

. . . . FIG. 5. Time dependencies of ER effect tested with 1.5 andm&amples,
ment of the spot on the reading device from its original Po-egpeciively.

sition towards thex direction, thus the reading on the screen
can be read out until slipping occurred between the two
plates. size. That is, the smaller the particle size, the shorter the

Figure 4 shows the time dependence of ER effect atesponse time of the ER effect. Under the same experimental
fixed field strength, which was done by moving the laser spotonditions, the initial ER effect response tirie., when the
on the reading device near to the photad=1-2 scales in  spot first moveswas less than 2 ms for an ER fluid consist-
distancg att,,= 0 and then detecting the signal emitted fromjng of 1.5 um particles, while the ER fluid consisting of 47
the photod as,, increased, starting from 200 ns. Any inter- ,m particles was nearly to 100 ms. The reason for this may
action among the particles would result in a viscosity in-pe particle sedimentation—almost all particles sediment to
crease in the ER fluid and hence a displacement of the las@fie bottom of the lower plate before the electric field is ap-
spot on the reading device. The sensitivity of this setup caplied. When the field was applied, the particles suspended
be easily controlled by adjusting the distance between thehemselves before interaction occurred among them. Intu-
mirror and reading device. Wheyp) was at 2.5 ms, the output jtively, then, the bigger the particle size the longer response
signal was as shown in Fig(a@. The test presented here was time for the ER effect. A more interesting phenomenon,
so sensitive that even very weak interaction among the pagyhich can be identified from Fig. 5, is that there exists three
ticles could be detected. For increased,jn the laser spot
moved faster and faster; therefore, the magnitudes of sgynal
emitted from the photod were smaller and smaller, as seen
Figs. 4b)—4(d). The minimal time for the ER effect was
shorter than 2.5 ms.

Further results from two experiments corresponding to
particles of two different sizes are given as Fig. 5. We note 2 kV/imm
that the response time of the ER effect changes with particle

1.5 kV/imm

1 kV/imm

0.5 kV/mm (a) (b)
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e
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FIG. 6. Field dependence of ER effect taken from an oscillosynchroscope;
FIG. 4. Time dependence of ER effect tested with 4B sample. Here the T, is the time that the laser spot on the reading device moves from zero to
field strengthV,,_, is 1.2 kV/mm.s presents the signal amplitude outputted photod; signal¢A) and(B) are HV pulse and output from photo@) and
form photod. (b) are the signals going and going back through photod.
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photod (L =20 scales in distangelt can be seen thaf,

' 200 decreases as field strength is increased, which means that the
14 4 gwo | higher the fi_eld ;trength the stronger the ER effect. The data
s are plotted in Fig. 7. By curve fitting, a power-law depen-
13 %100 i dence is found betweeR, and field strengtl: T,~E™ with
@ the exponenm approximately equals te-1.37. Finally, for
“T 1.2 @ 50 - the samd,,, the field dependence of ER effetty counting
Q w .
9 | scale numbers which the laser spot vaeds .also beer_1
= 111 0 L measured and the results can be seen in the inset of Fig. 7,
[ 0 100(:5 wz°°° 3000 where the relationship between ER effeetnd field strength
1.0 | (Vimm) E is satisfied, withr~E*®in our test.
0o | ® 15um ACKNOWLEDGMENTS
T fed The authors would like to thank Loren Chow for his
0.8 ‘ ‘ , ‘ ‘ discussion and suggestions.
° %00 1990 1600~ 2000 2500 3000 !R. Tao and J. M. Sun, Phys. Rev. Lef, 398 (1991)
Applied field (V/mm) 2T, C. Halsey, Scienc@5g 273(1992. '
3H. Ma, W. Wen, W. Y. Tam, and P. Sheng, Phys. Rev. L&#. 2499
FIG. 7. Field dependence of ER effect at fixgg (1996.

4L. C. Davis, J. Appl. Phys72, 1334(1992.
S5L. C. Davis, J. Appl. Phys81, 1985(1997).

different stages of increasing ER effect. A rapid increase of°H. Conrad, inParticulate Two-Phase Flovedited by M. C. RocdBut-
P f terworth, Boston, MA, 1992 p. 355.

the ER effect can be seen in first stage. M. Whittle, W. A. Bllough, D. J. Peel, and R. Firoozian, Phys. Revi®E

For the case of 1.um sample, where,,=500 ms, the  5549(1994.

dependence of the ER effect on the magnitude of the pulsé). c. Hill and T. H. Van Steenkiste, J. Appl. Phy§, 1207(1991).

field is determined as shown in Fig. 6. The test is performedg?-g%-;“ngenberg, C. F. Zukoski, and J. C. Hill, J. Appl. Phy8, 4644

by _mcreasmg_the field st_re_ngkyb_p from_50(_) to 2.500 Vimm 103, E. Martin, J. Odinek, and T. C. Halsey, Phys. Rev. L8, 1524

while measuring the variations @, which is defined as the (1992

time needed for the laser spot to move from zero to thé!w. wen, D. W. Zheng, and K. N. Tu, Phys. Rev5&, 4516(1997.

Downloaded 06 Sep 2004 to 140.112.2.121. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



