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MODELLING OF VIBRATION WITH ABSORBER

Machine vibration occurs as a result of unbalaneslving masses, loading forces and moments,irsgaaind
coasting of driving motors and other effects. Wi tw eliminate these undesirable vibrations by adlé
mounting of the mechanical system. Another possibilf suppression of the vibration machine is &g wan
absorber. A model of a vibration mechanical systeith a vibration absorber is presented in the papbe
model consists of a fixed-end vibrating beam witimary vibrating mas# and with stiffnes& and dampind.
The harmonic forc& with frequencyw and amplitudé acts on the primary mabs as well as on the beam with
stiffnessk and dampindp, where the secondary masf the absorber is mounted. The task of the alesdshto
minimize the movement of the mags A model (Fig. 1) has two degrees of freedom X andwo equations
describe the movement of the primary miksnd the secondary massof the absorbeThe model is solved
first numerically by using Simulink. In numericadlstion it is possible to set up parameters of niechanical
system with respect to the vibration reduction. @&ding to the mechanical requirements for the meicika&
system (output trajectory, velocity, forces andjt@ms acting on the individual parts of the systais also
possible to design input parameters (driving tosquad other parameters of the mechanical system).
A experimental model will be designed in order @ify results, where a voice-coil will be used ks actuator

of the forceF. Numerical and experimental model allows changingqupeters i.e. mass&andm, lengthL and

| of the beams and frequenay of the excitation forcé=. The results from the numerical solution are then
possible to compare with the measured values oefperimental model. It is assumed that the expartal
model will be equipped with accelerometers enabthiy measuring of vibration, which will be placed the
massed andm.

1. MODEL OF THE SYSTEM WITH ABSORBER

The model (Fig. 1) shows vibrating primary bearndlh L, thicknesst, , width by)
fixed at bottom end with primary maktand vibrating secondary beam (lengtthickness
ts, width bg) with secondary mass of the absorber. The masses of both beams are asnall
compared to the massbsandm. A harmonic force~ (frequencyw, amplitudeA) acts on
the primary masM [1].
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Fig. 1. Model of the vibrating mas4 with absorber

Dynamical behaviour of the mechanical system [2WBh two degrees of freedoiX
andx (Fig. 1) describes two equations as follows:

MX +BX —bx+ KX —kx=F, (1)
mxX —bX + bx - kX +kx = 0.

The parameters of the model are:

Table 1. Parameters of the model

Property Primary Absorber| Units
MassM, m 0.800 0.396 kg
Length L,I 300 80 mm
Thicknesd,, ts| 4.00 0.71 mm
Width by, bs 51 23.2 mm
ModulusE 73.1 200.0 GPa
Mass density 2768 7860 kg/m

If the natural frequency of the absorber equatb¢oexcitation frequenay, then (in
case thaB=b=0) the movement of the primary madswill equal to zero:

MJ% 2)
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On the Fig. 2 is shown the basic Simulink diagrdrthe solution of equations (1). The
stiffnessK, k of the primary beam and secondary beam (Tab. 1) are

t
K = % E,b, ()’ =22092N /m, k = % Esbs(tl—s)s =8109N/m 3)

The Fig. 3 shows numerical solution of equationsa(ith Simulink.
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Fig. 2. Simulink diagram of the solution of equasdl)
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Fig. 3. Simulink diagram of the input propertiesiod modelled vibration absorber
2. EXPERIMENTAL MODEL

Based on the numerical solution was constructed d¢kperimental model for
verification of dynamic damping (Fig. 5), allowisgnulation of the forc&, masse# and
m, lengthL andl. Dynamic forcing is applied to the primary magsof the experimental
model using a voice—coil actuator. A voice-coiluator is made from permanent magnet
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and cylindrical coil of magnet wire witN turns of diametdd. When a controlled electrical
currenti(t) is applied to the coil, a forde(t) is induced in the coil. It uses mass-produced
cylindrical solenoid T3864 Series, supplied by Braotec [4] with the manufacturer's
parameters: maximum stroke 20mm, maximum powet &¥@igrams.

Fig. 4 Experimental model for verification of dynemdamping

The motion of the primary madd and secondary mass of the absorber are
measured using accelerometers STEVAL-MKI022V1 (8)land STEVAL-MKI1024V1 (12
bits) delivered by MEMS Micro-Electro-Mechanical ssgm [5]. The accelerometers
transducers their acceleration to the voltage $sgnavhich is proportional to the
accelerationsX (t) of the primary mask! and %(t) of the secondary massof the absorber.

For the experimental model (Fig. 4) two equati¢hs describe the motionf the
primary mas$/ and the absorber mass If force F in the first equation (1) is sinusoidal

F = F(t) = Asin(at), (4)

Then the response tends also to be sinusoidal.

3. RESULT AND CONCLUSION

The course of the deflection of the primary médssd secondary mass of the absorber
x was first identified by a numerical solution usi@gnulink (Fig. 2, Fig. 3).

The Fig. 5 shows the resonance curves of the pyimassM without absorber
determined by a numerical solution (solid line)w&imulink (Fig. 2, Fig. 3) and
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measured values (dashed line) in an experimentdeh(®&ig. 4) for the parameters of the
model (Tab. 1).

14

12 -

=
o
|

. -2
acceleration (m.s™)

[0}

L
————————

frequency (Hz)

Fig. 5. Resonance curves of the primary nMsgithout absorber-numerical solution: solid linegasurement:
dashed line

The Fig. 6 shows the resonance curves of the pyimmassM with absorber
determined by a numerical solution (solid line) wimulink (Fig. 2, Fig. 3) and
measured values (dashed line) in an experimentdeh{&ig. 4) for the parameters of the
model (Tab. 1).

Comparing the resonance curve for the numericautisol (solid line) and
measurement of the experimental model (dashed Wwitgput absorber (Fig. 5) and with
absorber (Fig. 6) is the agreement of both solstidsse of the absorber is evident when
comparing the curves in Fig 5 and Fig. 6, whichvehohat there, is significant vibration
reduction main mag§l. Created program for the Simulink numerical solutand proposed
an experimental model suitable for modeling andusation suppress unwanted vibrations
of mechanical systems, such as equipment, machatery

It is suitable for use in teaching compared nuna¢rsolutions with experimental
measurements. Certain variations in the measure¢eguwcompared with the numerical
solution are caused by inaccurate parameters oéxperimental model. Further research
will consider other parameters of the experimentadel (e.g. component primary mass
Mgsing and secondary masg sing , whereg is the deflection of beantsandl, etc.)
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Fig. 6. Resonance curves of the primary nMsgith absorber-numerical solution: solid line, maasnent: dashed line
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