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Abstract

The extension of viscoplasticity Perzyna's model for the field of magnetorheological materials is proposed. The model is adopted to
identify the mechamsms of microscopic rearrangement of ferroelements producing visible increase of material stiffness, in particular
mcrease of shear modulus. The project of laboratory test stand 1s presented. It 1s based on Split Hopkinson Pressure Bar set-up
equipped with contamer for magnetorheological fluid and coil to control 1t.
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firm the necessity of the development of adequate viscoplastici-

1. Introduction ty model of magnetorheological materials.
One of functional materials of increasing techmical 100 V_(_‘—_::‘_,_,’__—:r—-":f'
umportance is magnetorheological flmd controlled by a :;'—_'_—_Fh
magnetic field This kind of materal 1s a suspension of o
microsized ferroelements in a carmrer wiscous fluid . /
Ferroelements, are mostly made of Fe;O4 with diameter 12um g P
or carbonyl iron particles of 4.5-5.2um diameter. Mineral oil is § ol T
usually used as a carmer fhud. In order to avoid aggregation of § F -+ 0mT
magnetic sensitive elements, ferroelements are surrounded by § |F — 120mT
silicon coat. According to the experimental data discussed in [1] o o j;:mi
the properties of magnetorheological fluid can be characterized . 725:1' N
by nonlmear behaviour of rheological material with magnetic 930mT ,___.--"""
active particles as regards the shear stress - shear strain rate = e
relatton. In the literature, the linear Bmgham model 1s _1' E— o

commonly used. In many cases the linear relations between
shear stress and shear strain rate are not adequate i describing
mechanism of magnetortheological flmd flow. On the other  Figure 1: The own wisuahization of expermental data published
hand, the Bodner Partom and the Herschel Bulkely models  1n[3]
describe nonlinear relation between shear stress and shear strain
rate, cf [1]. However, the disadvantage of these models 1s that

Shear strain rate /s

they are of empirical character. with no firm physical basis are f:iff;ning -
valid only for hmuted range of vanables. Therefore the e
formulation of a new viscoplasticity model for Bingham -~ Shear /
magnetorheological materials that should be based on physical w viscaplagticmatodal .~ frinning
mechanisms responsible for rate dependency of yield stress £ 7 /
TeMmains an open question. e 7 -
2. The Perzyna viscoplasticity model accounting for - /

magnetic field effect

38 ~
The linear Bingham model proposed ongmally m [2] 1s == /

commonly adopted to describe magnetorheological materials

T =Toy(H) + v, (1 - - y fihe i £ Bi del
where the symbols denote: T shear stress. Ty yield stress de- [ ;]gu.r € fie wiew of the quacy of Bingham mo
pendent of magnetic field strength H. I viscosity factor, } shear ) ) )
strain rate. It does not describe adequately the physical mecha- The mﬁch:mmn_ c'f_ [ucroscopic - reamangement of
nisms in the range of high strain rates [3.4]. It can be observed ferroelements producing visible increase of matenial stiffness
that the results shown in Fig. 1 deviate from linear Bingham re- and r}{m]mea: dcpmd@ce Df_ yield stress - siramn rate can be
lations for higher shear strain rates Fig. 2. This observation con- described by the nonlinear viscoplasticity model proposed by

Shear sirain rale
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Perzyna [5] extended for accountmg of magnetic field strength
H

by =smm Sy + Y @ (1)L @

The symbol ¢ describes the nonlinear excess stress function
_(®, ong > f(e)

()= { 0, on o = f(e) ° 3)

a = f(£) is material characteristic for statical tension test. £ is
nominal small strain, 2G(H) is elastic shear modulus,
depending on magnetic field strength H, y(H) 1s the viscosity
parameter of material depending on magnetic field strength H.
H(H) 1s quasi - static yield stress depending on magnetic field
strength H, s;; is deviator of stress tensor, §;; 15 dewviator of
stress rate, [ is second invariant of stress deviator, é;;is small
strain rate deviator.

In order to identify the proposed magneto - viscoplasticity
model two kinds of expermmental tests are required: quasi -
static compression test and dynamic axial compression with use
of the modified Split Hopkinson Pressure Bar.

3. Laboratory test stand

The physical mechanism responsible for behaviour of
magnetorheological materials subjected to magnetic field is
illustrated in Fig 3. The application of magnetic field produces
solidification of material volume.

Figure 3: a) Magnetorheological fluid at neutral state (without
dynamic loads and magnetic field H), b) under the mfluence of

magnetic field, H: magnetic field strength [%]

The testing stand is made on basis of Split Hopkinson
Pressure Bar [6]. The mam 1dea 1s to use the present laboratory
device and prepare 1t to test magnetorheological flmd mn
magnetic field at high stramn rates. Laboratory device to
mvestigate dynanuc properties of magnetorheological materials
1s adopted from present device and adequately modified to work
with controlable viscoplasticity material The idea of proposed
modification, which 1s based on earlier studies with use of
Hoplkinson Pressure Bar [1.7] 1s presented i Fig 4.

Figure 4: modified Spilt Hopkinson Pressure Bar where is: 1)
striker, 2) sensors to measure velocity of striker, 3) incident bar,
4) strain gauges, 5) seal. 6) water cooling for coils, 7) MR fluad,
8) mfusion, 9) coils, 10) sleeve, 11) transmiter bar, 12) gas
accumulator, 13)valve, 14) photo diode gates, 15) signal
amplifier, 16) data acquisition system, 17) power supply for
coils, 18) signal generator for coils controls.
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The new set-up 1s based on Split Hopkinson Pressure Bar
with novel grip (contamer) for MR flmd The idea of
experiment 15 to create mecident wave mside the MR fliid under
the influence of magnetic field. The container is equipped with
the seals (to prevent leakage of fluid and keep constant pressure
in the specimen), coils (to produce magnetic field) and water
cooling system (to keep coils in constant temperature). At the
end of transmiter bar the gas accumulator is fixed to prevent too
large displacement of the bar. The novelty of the proposed
laboratory test stand is the application of coils for the sleeves
shown m Fig. 4 to induce the constant magnetic field. Due to
this the dynanuc axial compression tests of solidified
magnetorheological matenial will be possible.

4. Conclusions

The paper shows that a new methodology of experimental
investigation 15 required to indentify the proposed model
accounting for magnetic field effect. Therefore, a new set up of
Split Hopkinson Pressure Bar equipped with electromagnetic
coils to investigate specimens of magnetorheological matenal 1s
proposed. The extension of Perzyna viscoplasticity model
which includes influence of magnetic field strength brings a
new perspective in advanced mechanics of magnethorheological
material. The Perzyna magnethoviscoplasticity model
accounting for mechanisms of microscopic rearrangements of
ferroelements should better describe the matenial stiffness and
nonlinear dependence of vield stress - strain rate than traditional
Bingham model or empinical descriptions discussed 1n [1]
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