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3D Printing

The current development of 3D printers makes it possible to achieve precision to
tenths of a millimeter with a wide choice of materials and technology.
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Itis therefore worth considering them for the production of

metamaterials, where the geometry of the structure plays a key
rale in addition to the material used.
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The object of research

The main cbjective of the research was to determine the resonant frequencies of the metastructure using numerical
simulation verified with laboratory data. It was assumed that a comparison of the results of the two studies would
enable an assessment of the usefulness of numerical simulationsin the design of anti-vibration metamaterials.
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Laboratory tests

BEK PULSE
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Vibration transducer
B&K 4384V

Antivibration Loading mass
metamaterial

Vibration transducer
B&K 4384V

Vibration exciter
IMV J240

The laboratory tests were carried out on the
test stand shown in the figure. During the tests,
the metamaterial model was placed on a
mechanicalvibration exciter table.

Used excitation signals:

« Sinusoidal sweep (1 - 400 Hz; Sweep speeds:
1 oct/min and % oct/min; Constant
acceleration: 0.1 m/s"2)

+ Filtered white noise(1 - 400 Hz; Constant PSD
value of 0.001 g"2/Hz)
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Numerical simulations

A three-dimensional model of the studied metastructure was made in Autodesk Inventor software and then loaded
into Femap. The generated mesh of elements was used to perform numerical simulations.

Modal Analysis
Frequency Response
RandomResposne

Results:

+ Resonance frequency

+ Vibrationdisplacement
« Vibrationacceleration
+ Etc.
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Numerical simulation — modal analysis
* Boundary conditions:

Defining the weight of a load: Defining material parameters:

Praoperty Values

Mass, Mor Mx | 0,0025 D2 e [Pt

o] | Mt Type...
N
My {blank=Mx) | 0,0025 [ ]
Genersl funcaon References Nordnewr PiylondFskre Creep BecrealiOptoal Phase

Mz {blank=p) | 0,0025 — e

Yourgs Mocs, €[00, — [

Shaw Modhn G o, ]« i

Poasrisats, (5,3 ] e [

Egansncora [0,

Conductvir,k 5. | MsCewty (951

sefrem o o, e

Mest Generaten Factor g, | Befwemafemp [0
Reducingdegrees of freedom: Defining frequency range:

) DOF Real

2 @ @ From (Hz)
Wrx Fry Rz
Io ()




31 Conference Vibrationsin Physical and Technical Systems — VIBSYS 2024
Crtober 16-18, 2024, Poznen, Polemd

Numerical simulation — modal analysis
* Results of modal analysis:
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Numerical simulation — modal analysis
* Results of modal analysis:

Mod 1 Maod 2 Maod 3

Analyzingthe generated vibration mods of the metamaterial and the graph of the percentage of the excited mass in
each direction, it can be seen that the most dangerous, in terms of possible damage, natural frequency of the tested
metamaterial hasa value of 23.33 Hz.
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Vibration acceleration (RMS), mvs”
a

Numerical simulation — frequency response

Boundary conditions:
In order to correctly describe the behavior of the simulation model in the case of displacements, accelerations,
etc., a damping factor is required. To determine the damping coefficient for the tested anti-vibration
metamaterial, an additional test was carried out by recording the response to an impulse signal.
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Numerical simulation — frequency response

Results:
During the frequency response analysis, the displacementsof individual mesh nodes, their accelerations,
velocitiesand occurring stresses were determined.
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Numerical simulation — random vibration

* Boundary conditions: * Results:
Random vibration analysis allows for the study of the response
of a system subjected to vibrations with frequency components
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Comparisonresults

Vibration acceleration (peak), m/s?
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Comparison results

Vibration acceleration (peak), mis®
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Comparison results

Vibration Vibration The values of: resonant frequency, vibration acceleration
T"pi‘i’;;’fi"g ,rezejs::tm 3:,?:?;;";’;‘ :;f:ele[::;i'; recorded on the model loading mass and displacement of
mm m/s the loading mass, determined from simulation and
B e = 04 Tl laboratory tests, were compared. The resonance
results Fme;i?s:'m 2 0.35 674 frequency determined on the basis of laboratory tests
Numerical sinusoidal 233 0.79 16.9 using a mechanical vibration exciter was 22 Hz both in
simulationsresults | Filtereduhite iz 0.31 6.67 the case of excitation with a noise signal and a sinusoidal
s e SinmuiI::dal e, L L sigqal (sweep.% oFt/min?. A similar result-wa.s obFained
" | Fitared whita s L Lo during numerical simulations. For both excitation signals,

noise the resonance frequency valuewas 23.3 Hz.
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Vibration acceleration (RMS), m/s”

Conclusions
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was noticed that the recorded vibration accelerations
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o differed from the expected values. The reason turned
1 out to be that the sweep speed was too high. After
setting the sweep speed to 1/4 oct/min, the recorded
acceleration signal began to correspond to the
~— expected values.
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Conclusions

The observed differences in resonance frequency values obtained as a result of numerical simulation and laboratory tests of the metamaterial may be
influenced by many factors related to the real model and its physical parameters.

These include primarily: repeatability of print parameters depending on the selected print parameters such as print speed, nozzle temperature, printer table temperature, print cooling
time, size of the printed object, order of applying subsequent layers; final print processing (incuding cleaning and removal of technological elements); storage conditions (air temperature
and humidity) and others.

Both the values of accelerations and vibration displacements during the resonance of the tested metamaterial in individual nodes, during numerical
calculations, strongly depend on the damping value.

As mentioned earlier, the tested system has a nonlinear nature of the damping coefficient. This makes it difficult to determine a representative value that can reflect the actual value of
the damping coefficiznt with satisfactory accuracy.

During laboratory tests using a sinusoidal signal as an excitation, it was observed that the very often used in vibration tests sweep speed of 1 oct/min can
cause errors in the FFT analysis using classic analysis systems.
In the case of the tests carried out, only afour times lower speed (1/4 oct/min) allowed for correct analysis. Conclusions from this observation can be useful both during classic vibration
testsand laboratory tests,
Considering the practical lack of differences in the determined resonance frequency values for both excitations and small relative differences when
determining the displacement and acceleration of vibrations, when testing the response of the metamaterial model to mechanical vibrations, it seems
more beneficial to carry out a short test using noise excitation than a long-term test with a sweep sinusoidal signal excitation, which may additionally be a
source of errors in the FFT analysis.
During simulation and laboratory tests of the resonance frequencies of the tested metamaterial, good consistency of values was obtained.
In the case of determining the acceleration and displacement of vibrations during resonance, the differences in the obtained values were also at a satisfactory level. The type of the
applied exciting signal {sinusoidal and noisej hadlittle or no effect onthe consistency of the obtainedtest results (as in the case of the resonance frequency values).
This means that the developed simulation model reflects the behavior of the tested metamaterial subjected to mechanical vibrations in a good way.
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