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Abstract:

Theelectrorheobgical effectis denoedby a dramatc changeof the rheobgical behaiour of certin fluids under
theinfluenceof an electricalfield. A shortsummaryof the rheologicalcharacterizatiomwf the electrorheological
fluid usedfor thiswork basedonextensve experimenalinvestigationsis given. A novel elecrorheobgicalacuabr
is conceved and implementecbn the basisof the measuredheologicaldata. The electrorheologicahctuatoris
a hydrodynamicsteeringaid whose principle depend®n the transnission of shearforceswithin a torsonalflow.
Detailedexperiments prove the operativenessof the new actuator.

Introduction

Already WiNsLow—of whomiis often said to have
discoveredthe elecrorheobgical effect—recognzed
the possilility to apply this effect within tecmical
relevant elemens such asclutchesor valvesin 1947
(see[6]). Thoughmary proposls and paents have
beenput forward to realize electrorheologicakctu-
atars, until today there are no commercially avail-
able electrorheologicahctuators. This is dueto the
stateof the electrorheologicalluids that do not full-
fil the demanddgor commercél applicaion. Conven-
tional electrorheologicalluids are suspensionsind
showv grave disadwantagescausedby their composi-
tion [1]. Themog important drawbacksare the sed-
imenttion of the dispered pha dueto differences
in density and the alrasvenessof the particles. This
led to thedevelopmentof particle free,homogeneous
electrorheologicdluidsin theearly90's.

Electrorheology

For the experimens such a new kind of electorhe-
ological fluid hasbeenavailable. The fluid conssts
of a complex aluminium soap in homogeneouso-
lution with corventionalhydraulicfluid—commonly
mineraloil—andhydraulicoil additives (accordingo
paent RWE-DEA AG, 1993[4]).

No rhedogical investigations of the electrarheo-
logical fluid have beenreportd beforethis work. For
that rea®n extengve invedigations of the rheobgi-
cal behaiourunderstationaryandindationarystrain
have beenconduced to characerize the electrorheo-
logical fluid in orderto provide informaion for the
desgn of the acuabr. Results for stationaryandin-
gtationarystrain areshown in figurel(a) and 1(b),re-
spectively. Theincreaseof the viscasity with increas-
ing electric field strengthcan clearly be seen. Even
with smallelectricfield strength an increaseof viscos-
ity isobserved, i. e. thereis no thresold for the elec-
trorheobgical effect In contrad to previousrepors
this electrorheologicaluid shovs shearthinningbe-
haviourandnoyield point (compareBinghanfluid as
reportedn [2]).

Electrorheological actuator

Two basc principlesof operaton are known for the
application of electrorheologicalfluids, i. e. the
operaion in clutch-modeandvalve-mode[3]. While

in valve-modehereis no relative movementbetween
the electrades and the flow rateis restrictedby the

electrorheologicakffect, in clutch-modethe elec-

trodesmove relatvely to eachother and thus field-

dependent shearstrescanbe trarsmittedbetweerthe

electrodes.The steeringaid describedn this paper
operatesin clutch-mode (for detailsse€e[5]). The car

rier plate is fixed to the shaft while the two driving

platessteadily rotatein opposte directionwith same
rotational speed(2. Thethreeplates are madeof high-

quality steeland haveadiameteiof R, =194 mm. To

reduceghemomenif inertiaof thecarrierplate,it has
athicknes of 5 mm. Thegapsbetveenthe plates are

1.2 mm wide and filled with electrahedogical fluid

(seefigures2(a) and2(b)). With no electricfield ap-

plied the resdting momernt is zerg after applying an
electricfield E betweenthe carrier plate and one of

the driving platesthe resuting momert is

Ry

Moo (@, B) =27 [ [n(3, ) =n(3,0)3]rdr
R;

Theelectrorheologicahctuatoris operatedn two
ways. Firstly it is used as a torque amgifier. An
ungeadyinputmomentM,,, is to be amgified by a
given facor k. The electrorheologicahactuatorhas
to createthe differencebetweenthe demandedbut-
putandtheinputmoment In this steering system the
measiredoutputmomenti,;, is not usedto influerce
the strengthof theelectricfield. The main resultsare
shown in figures3(a) and 3(b). The output moment
follows the input momentin good accordance lde-
ally the value of M,p/kMan is equalto one. Except
for the switching points (division by M,,, = 0) thisis
nearlyfulfilled.

Secondy the electorheobgical acuabr is used
asan electrorheobgical steering aid. The inputmo-
mentshallnot exceeda givenvalue (40 m Nm in fig-
ure4 and20 m Nm in figure5) while on the output



side steady and ungeady braking torques M,;, are
applied. Thusthe electrorheologicahctuatorhasto
creae the differencebetweenthe inputmomentand
the (undeady)braking torque. In this closed loop
control system the input momentis comparedwith
its demandedalue andthe electic field strengh ad-
justedaccordingly The main resultscanbe seenin
figuresd(a)and4(b) for stationaryanguhbrvelocity w
of the input side andfigures5(a) and 5(b) for insta-
tionary anguhr velocity of the inputside. Both for
gtationaryandingationaryanguhr velocity the acu-
atorisableto limit the inputmomentto its demanded
value. Justin caseof the startirg and switching points
little overshootcanbeobsrved. Evenexponentiain-
anddecreas of theanguhrvelocity is contolled sat-
isfactaily.

Conclusions

In this work the principle of an electrorheological
steerirg aid is put forwardand the application of elec-
trorheobgical fluids to techntaly relevant elemens
is demongrated. Thisis possible dueto advancesin
thedesignof theelectrorheologicaluids—especially
the leapforward to homogeneousolutions The fu-
ture stress should be on theincreag of thestrengh of
the electrorheologicakffect andfurtherexperiments
towardsacommercialiseof electrorheologicdluids.
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(a) Reaults for stationarystrain
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(b) Reaults for ingationary strain (congant shear
rate)

Fig. 1. Sekciedrheological behavour of the electrorheological fluid



(a) Functionaldiagramof the steeringaid (b) Technicalrealizationof the steeiing aid

Fig. 2. Funcional diagram andtechnical realization of the steering aid
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Fig. 3: Results of opemtion as torqueampifier
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(a , steadybraking torque , €lectric field (b) , ungeady braking torque , €electric
strength field strength
Fig. 4: Results of opemtion as electrorheological steering aid—sationaryanguhr velocity
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Fig. 5: Results of opemtion as electrorheological steering aid—insiationary angulr velocity



