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Abstract. It is a truism to say that vibrations can be afuisphenomenon and the reason of
amage. Therefore, there is no doubt that when diegjgtechnical objects it is important
to be able to evaluate its dynamic properties bpr@miate modeling. One of the key
properties of this type is damping. There are abamof methods to study this phenomenon,
however, they require quite large resources. The rtapic of this work is to propose an
alternative, undemanding method to measure the idgngpoperty of any structure. The test is
based on the analysis of the video recording of/theting element, on the basis of which the
input quantities for further analytical calculatooare determined. The method was presented
on the example of the examination of damping prig®rof a photocurable resin used in
stereolithography.

1. Introduction

Damping properties of all structures for obvioussans are the object of interest of engineers
and scientists. Despite this, the extensively dyoahavelopment of materials engineering makes it
very difficult to create databases on the dynamdaperties of all materials, especially those used i
Rapid Prototyping, where the final product's prdjgs may depend on the conditions of the
manufacturing process [1]. Therefore, it is impottep develop a fast and simple method that allows
the determination of proper coefficients, posstblée carried out also by private users, which woul
perfectly fit in the trend of amateur engineerizkg@sed by Rapid Prortotyping methods.

The damping examination is usually performed by hemiag changes in the amplitude
of the oscillating motion over time. For this, argoothers, they are used piezoelectric sensors [2] -
devices that uses the piezoelectric effect, i.e. phenomenon of generating by some materials
(piezoelectrics) electric charges proportional beirt deformation. Piezoelectric coupled with a
vibrating element is subjected to cyclic acceleraiwhich leads to cyclic deformations caused by
inertia forces and thus the appearance of changgmgional to accelerations. Through a subsequent
integration of acceleration over time, velocity agidplacement waveforms are obtained. Another
commonly used method is laser vibrometry [3]. ltdlves laser measurement of the distance between
the emitter and the vibrating point.

Both of these methods allows for precise vibraaoalyze and quick measurement, however, they
require the specialist equipment and the abilityge it, which is in contradiction with the mentoh
trend. This paper presents method that allows tically analyze vibrations at home and, based on it
to calculate the parameters describing the dantpiigcan be implemented in the MES environment.
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2. Theoretical basics
Damping can be defined as the phenomenon of déegetiee amplitude of vibration in the function
of time. The general equation of movement with dagphas a form:

mi+cx+kx=0 D)
where:
m — mass [kg]
¢ — viscous damping coefficient [kg/s]
k — stiffness coefficient [N/mm]

Dividing the equation by mass and substitution thedal frequencyw? = % and normalized
damping coefficienkb = % results:
¥+ 2bx + wix =0 (2)
Viscous damping ¢ at whidh= w,, is called critical damping
Crr = 2Mmwy (3)
while the ratio of the damping coefficient c to ttréical dampingcy,- is called the damping ratio:
Yy = o o 4)

It is also important to note that as a result ahpieg the frequency of free oscillations of the
system changes and takes the form:

1
wa = (0§ —b?)2 ®)
2.1. Damping decrement

The changes that taking place in the system assatref damping are well described by ratio
of successive amplitudes. It is called the damgdegement g:

_x®

= = 6

1= %t +Tp) ©)
whereTp, = 2n 7 is period of damped vibrations. After logarithmiequation (6) and applying

(w§-b?)2
expressions (3) and (4) the logarithmic dampingelaentd can be represented as:
2y
6 =1In(q) = bTp = I 7)
(1-y?)2

2.2. Rayleigh damping

Above expressions are describing damping that ctemae the phenomenon in a specific system,
and therefore their application in the design olvrstructures requires the search for analogy with
other objects and relying on ready-made modelsaddition, it is not possible to include them in
numerical calculations. Therefore, the introducti@ihmaterial coefficients describing damping is
crucial. This solution was proposed by Rayleiglroducing material coefficients and describing
the dependence of damping in the system on its emasstiffness in the following form:

c=am+pLk (8)

Dividing equation (8) by M and substituting expiess for dynamic coefficients and damping
ratio (4) it results:

4 Bw
__@  P® 9
14 2600+ > 9)
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In the above equation, there are two unknownsat@Rayleigh coefficients. Therefore, a system
of equations should be arranged for two successgaenvalues, assuming that the degree of damping
is not dependent on the frequency of excitation.

3. Subject and methodology of research

The subject of the research is a beam with dimessod 125x25x1 mm, made of photocurabe resin
whose mechanical properties are shown in Table dl raanufactured with the Stereolitography
technology. In the manufacturing process has bsed the XYZprinting Nobel 1.0A 3D printer with
a working area of 280 x 345 x 590 mm and accurdd®.® mm. In order to increase the accuracy
of measurements, three identical samples were nizatdh of them was irradiated with UV light for
24 hours to fully cure them.

Table 1. Mechanical properties of examined material.

Young's modulus Tensile strengthPoisson’s ratioDensity
[MPa] [MPa] [-] [kg/m?]

246 15 0,41 1200

Results ... | |
Perpendicular Projection (2,3, 1 X = 199,50 p| ¥ = 74,57 pis] Dist. = 185,3]

Figure 1. Scheme of test facility. Figure 2. Sample view from image analysis.

Figure 1 shows the diagram of the test facilitye Bample (1a) with contrast marker (1b) was fixed
in a vice (1c) so that its active length was 110.mimrough the excitation by kinematic extortion,
the beam was led to free damped vibrations. ltsem@ant was recorded by the Basler Scout scA640-
120gc camera (1d) connected to a PC (1e) with Baglen software until its full vibration expires.
For each beam, the event was recorded three times.

Recorded video files were converted to a sequehawvages in .jpg format, which were exported
to the LabVIEW Vision Assistant module. There, dre tway of image processing and analysis,
deviation of the end of the beam from the equilibriposition for each of the images was determined
(Figure 2). Obtained sets of points from nine mezments were averaged and used Used to
interpolate a function that represents the beangsement over time, which carries the
information about damping occurring in the systemd also about the first eigenvalue of
vibrations (Figure 3).
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Figure 3. Interpolated function — amplitude versus time.

According to the formula (9), in these considemadidhe first two eigenvalues of vibrations are
needed. The natural frequency of the n-th modebeastetermined by means of analytical formula:

_ap E-I1 10

O =3 (p'A)Z (10)
where:
an = (n—0,5)m []
| —beam length [m]
p — material density [kg/fh
A — cross section area fn

To exclude the influence of deviations of geometrguantities and mechanical properties of the

g1
beam, the value of the expressf@n(%ﬁ = B will be determined experimentally. As the experimne
shows, the first natural frequency equals= 107.7 rad / s, so it can be saved:

w; = (0,5m)?B (11)
107,7
_ S (12)
B 0512 43,6
therefore, second natural frequency:
w, = (1,5m)?B = 968,2 rad/s (13)

The value of the logarithmic damping decrementt tisarequired for further calculations,
has been calculated based on experimental dadadém to minimize the effect of air resistance loa t
damping value, periods for which low vibration vates have been selected - fourteen and fifteen.
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5 = <x(t + 14TD)> 3,30

=\ T 1sr,)) " 28a - V16 (14)
Transformation of the formula (7), the expressiantfie attenuation level was obtained:
y = 7= 0,42 (15)
((2m)* +6%)2
On the basis of equation (9), a system of equatandoe derived:
1 w
T ()=
. = 16
1w By (o)
2w, 2

which solution are the values of Rayleigh's damgiogfficients:
a =81,41, f =0,00078

4. Resultsverification

In order to verify the correctness of calculaticmsiumerical experiment was carried out. In they&ns
Workbench environment, a single-sided fixed beams madeled with dimensions corresponding to
the dimensions of the tested element, and thera& given the properties of the tested material,

including the calculated damping coefficients. Asxaitation, the initial displacement of the fraale

of the beam with a value of 50 mm was applied. Dyithe simulation a graph of changes of the
positions of the free end of the beam was recoréléglire 4 shows a comparison of results from

experimental and numerical experiments. Convergamseconsidered as satisfying.

: Amplitude [mm]

"t
I “ |'| Experiment

Calculations

Figure 4. Damped vibration graphs comparison

5. Conclusions

The work describes a fast method of measuring dagnproperties, both in relation to material
and whole structures. It is an excellent altermatiy the demanding conventional studies, which may
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be out of the reach of individuals who do not sakexe in this type of research. The purposefulness
of using the method to collect information abouttenals used in the Rapid Prototyping is evident -
these methods are often used by private users whaat specialists. In addition, a simpler test
method can result in increased information gaiatabases with material damping properties and
thus, make dynamical analysis even faster and readie disadvantage of the method may be its
accuracy - during the measurement various distedmmay appear, such as the effect of air drag.
Therefore, it is planned to carry out tests conmgathe results obtained with the presented method
with the results from laser vibrometry, which wille used to develop appropriate correction
algorithms, increasing the accuracy of measurements
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