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Abstract:
Theelectrorheologicaleffect is denotedby a dramatic changeof the rheologicalbehaviourof certain fluids under
theinfluenceof an electricalfield. A shortsummaryof therheologicalcharacterizationof theelectrorheological
fluidusedfor thisworkbasedonextensiveexperimental investigationsisgiven. A novel electrorheologicalactuator
is conceived and implementedon the basisof the measuredrheologicaldata. The electrorheologicalactuatoris
a hydrodynamicsteeringaid whose principle dependson thetransmission of shearforceswithin a torsionalflow.
Detailedexperimentsprovetheoperativenessof thenew actuator.

Introduction

Already WINSLOW—of whom is often said to have
discoveredthe electrorheological effect—recognized
the possibility to apply this effect within technical
relevant elements such asclutchesor valvesin 1947
(see[6]). Thoughmany proposals and patents have
beenput forward to realizeelectrorheologicalactu-
ators, until today there are no commercially avail-
ableelectrorheologicalactuators.This is dueto the
stateof theelectrorheologicalfluids that do not full-
fil the demandsfor commercial application. Conven-
tional electrorheologicalfluids are suspensionsand
show grave disadvantagescausedby their composi-
tion [1]. Themost important drawbacksare the sed-
imentation of the dispersed phase dueto differences
in density and the abrasivenessof the particles.This
led to thedevelopmentof particle free,homogeneous
electrorheologicalfluids in theearly90’s.

Electrorheology

For the experiments such a new kind of electrorhe-
ological fluid hasbeenavailable. The fluid consists
of a complex aluminium soap in homogeneousso-
lution with conventionalhydraulicfluid—commonly
mineraloil—andhydraulicoil additives(accordingto
patent RWE-DEA AG, 1993[4]).

No rheological investigations of the electrorheo-
logicalfluid havebeenreported beforethiswork. For
that reason extensive investigationsof the rheologi-
cal behaviourunderstationaryandinstationarystrain
have beenconducted to characterize theelectrorheo-
logical fluid in order to provide information for the
design of the actuator. Results for stationaryandin-
stationarystrain areshown in figure1(a)and1(b),re-
spectively. The increaseof theviscosity with increas-
ing electric field strengthcanclearly be seen. Even
with smallelectricfieldstrengthan increaseof viscos-
ity isobserved, i. e. thereisno threshold for theelec-
trorheological effect. In contrast to previousreports
this electrorheologicalfluid showsshear-thinningbe-
haviourandno yield point (compareBinghamfluid as
reportedin [2]).

Electr
�

orheological actuator
Two basic principlesof operation are known for the
application� of electrorheologicalfluids, i. e. the
operat� ion in clutch-modeandvalve-mode[3]. While
in
�

valve-modethereisno relativemovementbetween
th
�

e electrodes and the flow rate is restrictedby the
electrorheological� effect, in clutch-modethe elec-
trodes
�

move relatively to eachother and thus field-
d
�
ependent shearstresscanbetransmittedbetweenthe

electrodes.� The steeringaid describedin this paper
o� peratesin clutch-mode(for detailssee[5]). Thecar-
rier plate is fixed to the shaft while the two driving
plates� steadily rotatein opposite directionwith same
rotational speed� . Thethreeplatesaremadeof high-
q	 uality steeland haveadiameterof 
 � � 
 � � � � . T� o
reduce� themomentof inertiaof thecarrierplate,it has
a� thicknessof � � � . Thegapsbetweentheplatesare� � � � �

wide and filled with electrorheological fluid
(see
�

figures2(a)and2(b)). With no electricfield ap-
p� lied the resulting moment is zero, afterapplying an
electric� field � betweenthe carrier plate and oneof
th
�

e driving platesthe resulting moment is

� � � � �  ! " # $ % & ' ()
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Theelectrorheologicalactuatorisoperatedin two
wF ays. Firstly it is used as a torque amplifier. An
unsG teadyinput moment H I J is

�
to be amplified by a

giK ven factor L . The electrorheologicalactuatorhas
to
�

createthe differencebetweenthe demandedout-
put� andtheinputmoment. In thissteering system the
measuredoutputmomentM N O is not usedto influence
the
�

strengthof theelectricfield. Themain resultsare
sP hown in figures3(a) and3(b). The output moment
follo
Q

ws the input momentin goodaccordance.Ide-
ally� the value of R S T U V W X Y is equalto one. Except
for theswitching points (division by Z [ \ ] ^ ) this is
nearlyfulfilled.

S
_
econdly the electrorheological actuator is used

as� an electrorheological steering aid. The inputmo-
ment` shallnot exceeda givenvalue ( a b c d c in

�
fig-

ureG 4 and e f g h g in figure5) while on the output



side steady and unsteady braking torques i j k are
applied. Thusthe electrorheologicalactuatorhas to
create the differencebetweenthe input momentand
the (unsteady)braking torque. In this closed loop
control system the input momentis comparedwith
its demandedvalueandtheelectric field strength ad-
justed

l
accordingly. The main resultscanbe seenin

figures4(a)and4(b) for stationaryangularvelocity m
of the input side andfigures5(a) and5(b) for insta-
tionaryangular velocity of the input side. Both for
stationaryandinstationaryangular velocity the actu-
ator isable to limit the inputmomentto itsdemanded
value. Just in caseof thestarting and switching points
little overshootcanbeobserved. Evenexponentialin-
anddecreaseof theangularvelocity is controlled sat-
isfactorily.

Conclusions
In this work the principle of an electrorheological
steering aid is put forwardand theapplication of elec-
trorheological fluids to technically relevant elements
is demonstrated. This is possible dueto advancesin
thedesignof theelectrorheologicalfluids—especially
the leapforward to homogeneoussolutions. The fu-
turestressshould beon theincreaseof thestrength of
the electrorheologicaleffect andfurtherexperiments
towardsacommercialuseof electrorheologicalfluids.
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(a) Results for stationarystrain
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(b) Results for instationarystrain (constant shear
ra� te)

Fig. 1: Selectedrheological behaviour of theelectrorheological fluid



(a) Functionaldiagramof thesteeringaid (b) Technicalrealizationof thesteering aid

Fig. 2: Functional diagram andtechnical realization of thesteering aid
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(a) � � � , � � � , electric field strength
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Fig. 3: Resultsof operation as torqueamplifier
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(a) � � � , steadybraking torque � � � , electric field
strength
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esults of operation as electrorheological steering aid—stationaryangular velocity
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(a) ¢ £ ¤ , braking torque ¥ ¦ § , exponentialangular
v¨ elocity © , angle ª
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(b) « ¬ ­ , braking torque ® ¯ ° , sinusoidal angular
v¨ elocity ± , angle ²

Fig. 5: Results of operation as electrorheological steering aid—instationaryangular velocity


