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Summary The main goal of this paper is a mathematical detgan of a magnetorheological fluid (MR) in opéoaial conditions of a
damper’s work. The research was performed on a elapnototype with an MR fluid. On the basis of @rout experiments, the
conventional yield point and the maximum shearsstie analyzed MR fluid were estimated. Identifiestoplastic model (modified
Bodner-Partom model) was used to develop simuktittrat verify the proposed mathematical model vdtta derived from
experiments.

Magnetorheological (MR) fluids, beside ferromagoetind electrorheological fluids, belong to the MNewtonian
rheostable fluids, which are characterized by &ypmint. Magnetic, ferromagnetic and electrorhegatal fluids are
colloidal suspension of microscopic solids in thguid carrier, and their main characteristic isidagrouping of
particles into a dense grid under the influencaroéxternal stimulus [1].

Magnetorheological fluids are composed of ferronegignparticles of a magnetic material with a diegneif several
micrometers (from 0,54m] to 0,8 um]) and liquid carrier of low viscosity, about 623 [Pas] [6]. Ferromagnetic
particles of an MR fluid are additionally coveredthwa special layer enhancing their magnetic susiméty and
reducing their tendency to form aggregations. Othabstances, including anti-corrosion and antiraedtation
substances, are also added in small amount [1].

Being a subject of the special interest in this kyanagnetorheological fluids are very useful invswd damping
problems which are one of main engineering dilemwi&sonstruction and exploitation of machines amVicks.
Recently, a big increase of interest in this typemart material is being observed. Generalizingan be said that MR
fluids are applied mainly in semi- active vibratidamping. They are used e.g. in: dampers, shodrlads, clutches
and brakes [2], [4]. MR dampers and MR shock akersrire applied e.g. in damping control, in operatif buildings
and bridges [3], as well as in damping of high-temsvires [8].

In the development and production area of MR fluldRD Company is a dominating figure on the glotrarket,
producing fluids and devices, it contributes toirttdevelopment. Despite plenty of works being catlse led at
universities and research centres, still the néedbetter and more extensive knowledge of padicproperties of these
liquids is noticed, their behaviour in exploitatie®nditions, as well as learning all possibilitigs control their
rheological properties.

One of important tasks which concerns MR fluidsd arhich wasn't so far precisely and explicitly deised, is the
issue of the mathematical description of MR fluidteperties, when the fluid is in a state of reatking conditions.
With reference to various materials, we can finfledént models of viscoplastic laws. There is nodelodescribing
fluids and solid materials equally. There are medblaracteristic for fluids or solid materials.

The author of presented paper took the attempeseribe the MR fluid’s behaviour, by using consivter equations
which are generally applied for metals. Beforengksuch a decision one should think and answesviidlg question:
whether and why, and which constitutive equatigameper for metals, can be used in the mathematiestription of
MR fluid’s properties and behaviour?

Responding to the question, we should note thateitain operational conditions an MR fluid changssdensity,
becoming semi-solid, or even solid. It is one oMR fluid’s most significant features.

The author of this work decided to undertake anlyaisaof magnetorheological fluid's viscoplasticoperties in
operational conditions of a damper’s work, to bkedb apply the viscoplastic laws typical for metebr description of
properties and behaviour of MR fluids.

In the research program, an attention was devateithd damper prototype which was designed andechwit in
Institute of Machine Design Fundamentals at the dMar University of Technology. The conducted experita
concerned MRF 132 DG fluid, used in the T-MR SiMB21DG damper prototype (Fig. 1) which design hasnbe
simplified by eliminating the gas spring. Lack bist element in the construction equipment and eenall friction,
caused by functioning without liquid, constituteoab1-2% of the total resistance force of the pistod in the device
under tests. This allowed for results of liquidwilog through the gap in the head of the working,umithout including
those working devices.

3 Corresponding author. Emailawel.skalski@ilot.edu.pl



XXIIICTAM, 19-24 August 2012, Beijing, China

Fig. 1. View of an MR damper prototpe

Residual magnetism is one of the problem encouthtéoeing operation of the device with a magnetoldgioal fluid,
the housing was made of brass. This allowed, tannime the occurrence of a residual magnetism to.zer
Analyzing experimental results, the author suggksteodified Bodner-Partom model for the descriptainthe MR

fluid, containing parametens, Ry, Do, dependent on four variables: the value of plastiear ratg' , the value of
current intensity, value of temperature and the value of the gap’s heighfThe mathematical model was written in the

form [7]:
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where:
n(t,i) =0,18+ 0,10- 0,000, )
Ro(t,i,h):%(6,8— 0,07- 0,00). ®)

The method of identifying parameters of modifieddBer-Partom model was conducted basing on the plisstic
analysis of tested MR fluid. Obtained solutionsdeitifying model for damper with the MR fluid wecbaracterized by
high accuracy, what was confirmed by the stateroéttte results of numerical simulations and experital data. The
identification based on the outline presented, apathers in [5], refers to the physical phenomemia not based on
so-called:black boxes. It is undoubtedly a major advantage of this tyfedentification, comparing with heuristic
methods such as simulated annealing, genetic #igmsior particle swarm optimization.

CONCLUSIONS

In this paper, the constitutive equations of thelBzr-Partom model are applied to describe a magreitgical fluid
behaviour in the damper. Conducted experimentdherltMR SiIMR 132 DG damper served for the iderdifien of
the Bodner-Partom law parameters. Modified mathixalaiodel of Bodner-Partom law incorporating is $tructure,
not only the shear rate, but also the current gitgrthe temperature and the height of the gagsqonts in its description
the behaviour of the damper with a magnetorheotbdiaid.
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