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Abstract. There has been a growing interest in the on-liedaien of viscosity of magneto-
rheological fluids since it is a critical parametbat is sensitive to material property changes
caused by chemical reactions, sedimentation pramedsmagnetic field. Online monitoring of
viscosity and density offers a powerful means famtmolling the quality of magneto-rheological
fluids and processes involving fluid environment.
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Introduction

A common device for measurements of magneto-rhazdbdMR) fluid viscosity is a
rheometer. It is quite expensive equipment of lagige for a wide range of measurements. A
new measurement device for fluid viscosity measemswas created using smart materials. A
Bingham model is used to characterize the constutehavior of the MR fluids subject to an
external magnetic field strength. Also, during tihésearch, a new generation of magneto-
rheological fluid was developed and tested in diti@hal way by using rheometer and in a
novel way by using a new construction for it.

New generation magneto-rheological fluid

Magneto-rheological (MR) fluids consist of stablécro-sized suspensions, magnetisable
particles dispersed in a carrier medium such #soasiloil or water. When a magnetic field is
applied, the polarization induced in suspendediglest results in the MR effect of the MR
fluids. The MR effect directly influences the menpital properties of the MR fluids. The
suspended particles in the MR fluid become mageétand align themselves, like chains, with
the direction of the magnetic field. The formatimfrthese particle chains restricts the movement
of the MR fluid thereby increasing its yield stress

For a wide practical application like direct actipeocess, monitoring of fluid behavior, a
viscosity of the magneto-rheological fluid is vényportant. Three types of magneto-rheological
fluids were investigated under fluid viscosity. Mago-rheological fluid has negative affective
phenomenon — sedimentation, also influences pedajgplication. MR fluid flows similarly to
the viscous non-Newtonian fluid. The rheologicali@ipn corresponding to the Maxwell-type
fluid body is [4, 5]:

de_ 1 sils ()
a  2Gg 2n

Here ¢ = & + & is fluid deformation; G fluid elastic modulus;o is fluid stress;
n is fluid viscosity. Equation is valid when the ahstress acts between the moving layers of the

magneto-rheological fluid, related to each othene Tnvestigation of the fluid movement of
normal stressy, equation is expressed as follows [4, 5]:
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In order to avoid or at least reduce this negaplvenomenon a new, improved composition
of the magneto-rheological fluid was proposed. Nmeration fluid was compared with well
known MR fluids MRF-122 EG and MRF-140 CG (LORD).e&burements of magneto-
rheological fluids viscosity was performed by mearstwo methods: using "Anton Paar"
rheometer and a the developed novel device for mnea®nts - a cantilever-type actuator (Fig.
1). In the direct process or fluid state observatiofluid parameters sensor is an important
device. The model parameters are obtained from uneaents with well-known sample liquids
by a curve fitting procedure. Finally, the measugats results with cantilever-type actuator are
presented. Values of viscosity and shear show thbility of the model. During scientific
research of sedimentation the solution was devedlgpsulting in a new generation magneto-
rheological fluid. Differently sized magnetic patéis were mixed in this new fluid. The reason
of it is to overcome the gravitational forces anduce extent of sedimentation. Mixed particles
partly undergo Brownian motion and reduce grawtafiorce. The main idea of the production
process is mixing nano-scale (Pg) and micro-scale (Carbonyl iron) particles. Such
improvement generates Brownian motion inside thid flMagnetic particles suspended in a
liquid tend to move in pseudo-random or stochgsdiths through the liquid, even if the liquid in
question is at rest and the process of sedimentegisignificantly reduced.
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Fig. 1.a) Dependence of magnetic induction on magnetic B&length, four different fluids are measured:
two types from LORD (MRF — 122EG and MRF — 140C@J avo different stages of the produced liquid;
b) dependence of viscosity on current (three differmagneto-rheological fluids were measured ared on
magnetic fluid)

Magneto-rheological fluid measurements

Many practical applications in real structures iegaccurate fluid properties. It calls for an
efficient operation. For magneto-rheological effecte of the most important physical fluid
properties is objective and adequate viscosity afva and non-active MR fluid. Several
methods are designed to measure the viscosityjafls. Investigated and the proposed method
is based on interaction between the liquid andogllating piezoelectric cantilever. Prior to
completion of this research methodology, severalasueements were performed with
rheometer. The results indicate that the developedneto-rheological fluid MCI is fairly
strong in comparison to MR fluids LORD MRF-140 C@&daMRF-122 EG. It means that MR
controlling range is practical from application pioof view. The mathematical expressions of

190

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING MARCH 2012.VOLUME 14,ISSUEL. ISSN1392-8716



738.INVESTIGATION OF MAGNETGRHEOLOGICAL FLUID PARAMETERS USING CANTILEVERTYPE PIEZOACTUATOR
E.DRAGASIUS, V. JORENAS, V. MACIUKIENE, S.NAVICKAIT E

experiment are shown in equations (5), (6), (7)s Talculation refers the representative radius
Rax according to DIN53018 [4]:

. o-R

7max=T’ (3)
2-M

Tmaxzﬂ_'Rg' (4)
R.

ymax=T¢' (5)

where mean values in equation (5), (6), (7) are:shear ratew - angular velocity,R - plate
radius,H -gap,r - shear stresd\l - torque,¢ - deflection angle.

Piezoelectric actuator for viscosity measurements

The vibration behavior of the piezoelectric bendigtuator is described by the Euler-
Bernoulli beam equation:

oMW (x,t) . oW (x,t) _ *M  (x.1)

£
oxt T e ox2

: (6)

whereEl andu are the effective bending stiffness and the dffeatnass per unit length of the
composite beamy(x, t) is the beam deflection imdirection (Fig. 4), andV, is the actuating
moment due to the piezoelectric effect. Siigis considered to be a constant moment along
the entire bearr@ZMp/ax2 = 0. Consequently, the boundary conditions fordlaenped-free beam
are:

¥(0,t)=0,
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wherelL is the length of the beam aRds the force acting on the tip due to the intécactvith
the surrounding liquid. The actuating momftis given by [7]:

M, = J.Ypd31EdeA= Wprd3l\/d Zn; (8)
Ap

where A, Y, and ds; are the cross-sectional area, Young's modulus, thedpiezoelectric
modulus of the actuating layer aid is the electric field in this layer indirection,w, is the
width of the bending actuatoz,, is the mean distance of the actuating layer ftbexbeam
center, and/y is the excitation voltage (Fig. 2).
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Fig. 2. PZT bending actuator is rigidly clamped at one. &rathe free end of the cantilever, a tip of well
defined geometry (widthw) is attached and immersed in the sample liquighpidig depthd). The
interaction of the cantilever tip and the liquichalges the frequency characteristics [6]

The measured voltagé is calculated by applying:

D, =d, T, +¢E,,
1
T ZK_(SXX —dleZ),

XX
11

(9)

to the sensing PZT layer, whdbdg, T, andS, are electric displacement, stress, and steahmd
Ki; are the permittivity and the compliance of the R&{ler. The cantilever deflectiarft) can
then be determined by solving the differential émumafor a one-dimensional forced harmonic
oscillator:

z(t) +bi z(t) +ﬁ z(t) = Fol®) , (10)
m m m

wherebg = be + by, — total effective damping of the systeky = k, + kg — total effective
stiffness of the systerf, — piezoelectric force.

Experimental setup

The purpose of this research work was to deterthi@eoefficient of viscosity of a magneto-
rheological fluid for different values of the magndield. Method of indirect measurement was
implemented using a reference fluid with known mies. A test stand with a piezoelectric
cantilever-type viscometer is shown in Fig. 3. Theasurements revealed that the viscosity of
the magneto-rheological fluid was linearly deperidera wide range of values of the magnetic
induction. Piezoelectric actuator is rigidly fixext one end. The tip is immersed into the
magneto-rheological fluid and is fixed to the fremad of the actuator. The interaction between
the actuator tip bending and fluid resistance fer@e measured by tracking bending
amplitudes. Experiment results are widely contbllyy changing MR fluid viscosity. Voltage
supplied to electromagnetic coil is from 10 to 30wxhen the cantilever oscillates at a frequency
of 20 Hz [1-3].

Four fluids were tested during the experiment. ©hthem was ferromagnetic, other two -
LORD MR fluids and the last one - developed bydhthors.
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The cantilever sensor used in this experiment ika@eramic multilayer bender CMBP09
(Table 1). The bending actuator has two differgpes of tip position (Fig. 5). Also, results are
dependant on the type of piezoelectric cantileetuaor tip.

Indicator for Ag external electrode
positive electrode

Direction of
movement

= Lc

N

— |
Piezoelectric bimorph

actuator. Bimorpl
CMBP0Y.

40 mm

Actuator

i

T

12 mm

5x5x1 mm

Vessel with

4 magneto-

theological

210 mm fluid

Electromagnetic
coil

Fig. 4. Measurement setup

The analytical model is based on an approximatibrthe immersed cantilever as an
oscillating sphere comprising the effective mass e intrinsic damping of the cantilever and
additional mass and damping due to the liquid logdihe model parameters are obtained from
measurements with well-known sample liquids by velditting procedure.

a) b)
Fig. 5. Two types of piezoelectric actuator tip: a) ensirea of the tip operation; b) shear mode operation
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Research purpose is to develop an experimentateléor measurement of characteristics of
the magneto-rheological fluids. Fig. 6 illustrategperimental setup assembled for measurement
of magneto-rheological fluid characteristics: flaiishear and viscosity. Registered experimental
results are dependent on magnetic induction. Aialperformance metric is the sensitivity of a
measurement device. At the end of Noliac cantildwer tip types were used for good device
sensitivity. Noliac ceramic multilayer bender wased for device measurement accuracy. This
bender has a very good amplitude characteristioy lmltage and multilayer ceramic
composition.

Fig. 6. The experimental setup: 1 — signal generator AgiB3220A; 2 — power amplifier EPA-104; 3 —
DC supply 4 — multimeter MS8201H; 5 — laser disptaent sensor LK-G82; 6 — laser sensor controller
LK-G3001PV; 7 — analog-digital converter PICO ADC2 8 — holder for the piezoactuator with
micrometer screw; 9 — piezoelectric bimorph actyat® — vessel with MRF; 11 — electromagnet; 12 —
holder for the electromagnet; 13 — computer
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Fig. 7.a) Dependence of piezoelectric cantilever amplitneoltage for different fluids. Magnetic fluid is
not rheological and magnetic field does not afféstosity of the fluid, so cantilever oscillatingplitude
is stable, when the magnetic field varies. Expeninvéith the tip operating in shear mode; b) Depewde
of piezoelectric cantilever amplitude on voltage diéfferent fluids. Magnetic fluid is not rheologicand
magnetic field does not affect viscosity of theidluso cantilever oscillating amplitude is stableen the
magnetic field varies. Experiment with the tip agerg in entire area

Piezoelectric materials have direct and inverseceffWhen piezoelectric cantilever-type
actuator works in an inverse mode harmonic flexasdillations are generated. At the same
time another phenomenon occurs: variable viscasitthe magneto-rheological fluid reduces
cantilever oscillation amplitude. Very importanttary of measurements device is sensitivity,
which depends on various factors: magneto-rheotbgituid type, ingredients, working
temperature, rheological effect strength, actug@ometry and type. In this case sensitivity
range is 1.5 — 2.5.

194

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING MARCH 2012.VOLUME 14,ISSUEL. ISSN1392-8716



738.INVESTIGATION OF MAGNETGRHEOLOGICAL FLUID PARAMETERS USING CANTILEVERTYPE PIEZOACTUATOR
E.DRAGASIUS, V. JORENAS, V. MACIUKIENE, S.NAVICKAIT E

Conclusions

Piezoelectric cantilever changes bending amplitiithe. changes depend on viscosity of the
magneto-rheological fluid (also magnetic field sggh changes). These results allow
determination of the physical properties of theuilily Two different tip positioning types are
attached at the cantilever end and immersed inteetldifferent magneto-rheological fluids
samples as well as one sample of magnetic fluidalyical model is needed to determine
magneto-rheological fluid parameters depending @gmatic field strength and piezoelectric
cantilever. Further tasks include improvement @&f developed device including determination
of calibration curves for the enhanced measuremesdracy.
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