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Summary. A frequently used technological solution for reithgcforces transmitted between
the rotor and its frame consists in adding dampiegces to the rotor supports. The control
of their damping effect with the intention to achedaheir optimum performance is enabled by
magnetorheological squeeze film dampers. The predework is focused on the study of the
effect of magnetorheological squeeze film dampersronimizing amplitude of the force
transmitted to the rotor frame. The developed nmatieal model of the rotor is discrete. The
magnetorheological dampers are represented bygspaimd nonlinear force couplings and the
magnetorheological oil by bilinear material. Themrsed approach is completed with an
efficient procedure for determination of the st#fés and damping parameters of the model
rotor system. The steady state solution of the @guaf motion is obtained by application of
the trigonometric collocation method. The perforntanputational simulations confirmed
that control of the damping effect decreases theefdransmitted to the rotor frame. The
developed approach reduces the computational &ffspeeds up the analysis, highlights the
studied phenomena, and increases stability ofahgpatational procedures.
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1 INTRODUCTION

Unbalance is a main source of excitation of lateratation of rotors and of increase of
forces transmitted to their frame. A frequently digechnological solution for suppressing
these undesirable effects consists in placing daggevices between the rotor and its casing.

The controlled damping in the rotor supports is béed by application of
magnetorheological squeeze film dampers. The miesi of their work and practical
experience with their applications are reported annumber of publications [1-4].
Magnetorheological oils belong to the class ofdtuivith a yielding shear stress. The flow
occurs only in those areas where the shear stresed@ds a limit value - the yielding shear
stress. In areas, called a core, where the shessssis lower the magnetorheological olil
behaves as solid matter. The mathematical moded sfjueeze film magnetorheological
damper in which the lubricant is represented bygBam material is reported in [5-6]. The
modelling of magnetorheological oil by bilinear @l [7] arrives at increase of stability of
the computational procedures in which the matheralthodel of the magnetorheological
squeeze film damper is implemented.

The main parts of a magnetorheological squeeze digmmper are two concentric rings
between which there is layer of magnetorheologigial The inner ring is coupled with the
shaft by a rolling element bearing and with the gamhousing by a squirrel spring. Lateral
vibration of the rotor squeezes the lubricatingetayhich produces the damping effect. The
magnetic flux generated in electric coils passesuih the lubricating film. As resistance
against the flow of magnetorheological oils depemisnagnetic induction, the change of the
current changes the damping effect. The pressstaldition in the full oil film between the
damper rings is governed by the Reynolds equatiaptad to bilinear material [7].

The aim of the research presented in this paper wmsstudy influence of
magnetorheological squeeze film dampers on miningizhe forces transmitted between the
two-disc rotor and its frame. A new procedure, imick the rotor is represented as a discrete
system, magnetorheological dampers by springs aodcef couplings and the
magnetorheological oil by bilinear material, hagreeveloped for this purpose. Its merits
are speeding up the computations and highlightiregphenomena that are the subject of the
investigations.

2 THE MODEL ROTOR SYSTEM

The proposed approach to study the influence ofnetagheological squeeze film dampers
on the force transmitted to the rotor frame is Hase setting up two model systems, reduced
and primary ones. The reduced system is discrtetenkists of absolutely rigid discs coupled
by massless elements to which the bending stiffaassinternal damping are assigned. The
equation of motion of the discrete rotor systensas up in the frame of reference rotating
together with the rotor. After its transformatianthe inertia space it takes the form

M%+(Bp —aG +B,, Jx+(K +aK o )x =f,, +f,. (1)

M, Bp, Bum, G, K, K¢ are the mass, external and material damping, ggpos, stiffness and
circulation matrices of the reduced systdnm,fa are the vectors of hydraulic damping and
applied forces, respectively,is the vector of the generalized displacementthefreduced
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system,w is the angular speed of the rotor rotation, apd({ denote the first and second
derivatives with respect to time.

Elements of vectorgk andgg are negatives of the internal generalized forgeatiich the
coupling elements act on the model discs

~(K+aK)x=qy, (2)

-B,X=0Q5. 3)

The elements of the coefficient matrices in (2) #8dare unknown. To determine the
stiffness coefficients one generalized displacemggit is chosen, the corresponding
generalized internal force is set to one and &leogeneralized displacements of the reduced
system are set to zero. These conditions are us#ueaboundary conditions imposed to the
primary system. Consequently, the chosen displacexnand the generalized internal forces
related to the zero displacements are calculatid. dfilization of equation (2) enables to
express the stiffness coefficients in the j-th owhu This procedure is repeated for all
generalized displacements of the reduced systefmseguently, an analogous approach is
applied to determine elements of the damping matrixelation (3). Only instead of the
generalized displacements, the generalized vedsoiti the reduced system are used.

3 THE VIBRATION ANALYSIS OF A TWO-DISC ROTOR

The investigated rotor consists of a stepped sradtof two discs. At both its ends it is
coupled with the frame by magnetorheological sqed#mn dampers (Fig. 1). The rotor turns
at constant angular speed and is loaded by itshiveigd by unbalance of both discs. The
squirrel springs are prestressed to eliminate theflection caused by the rotor weight.
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Figure 1: The investigated rotor  Figure 2: Elaatid damping force Figure 3: The force - speediosla

The task was to analyse the effect of the magnetdolgical squeeze film dampers on
supressing the force transmitted to the rotor framehe specified interval of angular
velocities 0 - 1000 rad/s.

The total transmitted force has two componentstielaaused by deflection of the squirrel
spring and magnetorheological hydraulic (Fig. 2)e Tdependence of amplitude of the time
varying component of the total force transmittedhe rotor frame at location of support B1
on speed of the rotor rotation is drawn in FigTBe results show that rising damping in the
rotor supports shifts the force maximum to highegwdar velocities. It is also evident that the
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maximum reduction of the transmitted force is reatcbhy application of a lower current in
vicinity of the first critical speed and of highene close to the second critical velocity. This
clearly shows the advantage of controlling the dagm the rotor supports.

4 CONCLUSIONS

The paper deals with a novel approach to investigadf a two-disc flexible rotor the
vibration attenuation of which is controlled by matprheological squeeze film dampers
placed in the rotor supports. The developed mattieahanodel is based on application of a
discrete system which is intended to perform theadyical study and on tuning its stiffness
and damping parameters by a more complex primaey ©he magnetorheological dampers
are represented by springs and nonlinear forcelioggpand the magnetorheological oil by
bilinear material. The principal merits of the deyed procedure consist in the possibility of
investigation of complicated rotor systems, in i@dg the computational effort, in increase
of stability of the computational procedures, andighlighting the phenomena that are the
subject of the dynamical study.
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