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The paper presents harmonic analysis for the propagation of a disturbance in a simple compressible
elastic structure made of steel (a cubic cube measuring 5x5x5 c¢cm). The impact of initial compression or
stretching on the propagation speed of the disorder was assessed. It has been shown that in relation to the
reference model, i.e. the model without preliminary interactions, there is a change in the speed of propagation
of the disturbance and change of the velocity amplitude. Differences in the obtained speeds in relation to the
reference model for stretching is by 6 times higher and compression by about 47 times greater. After pre-
compression, the model was additionally subjected to an impulsive load (like an hammer test). Differences in
propagation velocity obtained are caused by the change of intermolecular distance for the analyzed medium,
as a consequence of the influence of the preliminary impact, i.e. surface tension or compression for the
analyzed simple elastic structure made of steel.
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Introduction

At the moment there is a need to implement scientific issues with regard to numerical programs. In
this area, the Ansys program offers great opportunities to perform both linear and non-linear analyzes. An
example of using Ansys are papers (M. Major, 2018) in which the benefits resulting from numerical
modeling in relation to the analysis of structural solutions were demonstrated. The program also includes a
model that allows counting issues related to propagation of disturbances and propagation of waves, for
example, works (P. Catka, 2017; C. M. Ramesha, 2015; Yadong Tang, 2016). The implementation of
numerical issues allows for effective performance of project activities, reducing the time to obtain final
results and introducing solutions enabling qualitative and quantitative assessment of the presented issue.
An example of quantitative and qualitative differences are works (M. Major, 2017; M. Major, 2017,
M. Major, 2018).

The assessment of the impact of the initial impact on the parameters related to the propagation of the
disorder in structural elements is important for the safety of the construction work. Also, the application of
initial impact can be used for non-destructive testing of completed construction solutions and numerical
analyzes of entire structures. It is reasonable in the light of the progress of numerical research to conduct a
numerical analysis of a simple elastic structure in order to show quantitative or potentially qualitative
differences for various types of numerical analyzes based on MES (M. Major, 2019; M. Major, 2014). An
example of this is the harmonic analysis performed by which it is possible to determine the phase-frequency
response of the structure, which allows to determine the real amplitude that will be achieved, for example,
displacement during an infinitely long exposure to a sinusoidal variable (Huei-Huang Lee, 2011).

Numerical model

A simple elastic structure in the form of a cubic steel cube measuring 5x5x5 c¢cm with material
constants was adopted for the propagation study of the disturbance in steel:

- Young's module 210.000 MPa;

— Poisson ratio 0.3;

— bulk density 7 850 kg/m?;
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The model has been subjected to impacts in the field of elastic deformation. The Harmonic Response
calculation module of Ansys 18.1.1 Academic Research 18.1.1 was used for the analysis. This module
allows you to determine, among others the form and amplitude of displacements and velocities with a force
or pressure load with a sinusoidal time history [P. Catka, 2017; Ansys-Workbench v. 18.1 system
documentation]. The system response is in steady state. In the analysis, two cases of pre-compression of
the cube fixed in the square base 1x1 cm (Fig. 1) were assumed to be uniformly distributed on the opposite
walls g = 10 MPa (Fig. 2, a and b). Then, calculations were made by introducing the amplitude of the
P =10 N force, which the program solver treated as a sinusoidal function (Fig. 1):

P(t) = P-sin(o- t),

where: P —amplitude of force [N]; o — circular frequency [rad/s]; t — time.

The load frequency varied from 1 to 1250 Hz.

The discretization of the cube model with the Solid187 solid element was generated in the Multizone
mode based on cubic elements, which guarantees the creation of fewer nodes and elements and greater
accuracy of results compared to four-walled grids (Fig. 1). The cube model consisted of 270.641 nodes and
64.000 elements.
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Fig. 1. Analyzed model with mesh and place
of application of pulse load P(t)

Fig. 2. Analyzed model with surface interaction: a — compression, b — stretching
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Numerical results

The analyzed models are significant (Fig. 3 and 4). For example, the displacement amplitude values
for the 1250 Hz frequency are 1.05e-7 mm for the reference cube, 6.59e-07 mm for the tie bar and
4.97e-6 mm for the compression bar, respectively (Fig. 4). The situation is similar in the case of the velocity
amplitude (Fig. 3). In the graph obtained from the harmonic analysis resonance frequencies are not revealed,
because the maximum frequency range was set to 1250 Hz.
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Fig. 3. The course of the velocity amplitude function

The performed analysis clearly shows that the obtained velocity values in the case of bar compression
are 87.06 % higher than in the case of ankle stretching.
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Fig. 4. The course of the displacement amplitude function

Conclusions

The numerical analysis showed a difference, in the propagation velocity of the disturbance in the
case of interactions involving compression and extension of the bar in relation to the reference cube, i.e.
not subjected to surface interactions. The implement compressive stresses diminished the intermolecular
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distances, i.e. they somehow thickened the material structure which influenced the increase of propagation
velocity of the disturbance as a result of the declared impact of the impulse load with an amplitude of 10
N. In the case of tensile stresses an inverse effect was obtained. Increasing the intermolecular distance (as
expected) affected the speed of propagation of the disorder.
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M. Maiiop, M. Kocin
UeHCTOXOBCHKHIA TEXHOJIOTTYHUIA YHIBEPCHUTET,
kadeapa MUBUTBHOI IHXKEHEPii

YUCJIOBUI AHAJII3 IOINUPEHHS PYUHYBAHHSA B CTAJI
3A JOIMIOMOTI'OI0 IMTPOT'PAMM ANSYS

o Matiop M., Kocin M., 2019

BuknaneHo pe3ynbTaTH TapMOHIYHOIO aHaiidy MOLIMPEHHS PYHHYBaHHS Bil CTHCKAHHSA MPYXXHOL
KOHCTPYKIIii, BUTOTOBIIEHOT 3i cTami (Ky6u po3mipamu 5x5x5 cm).
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OmiHKka BIUIMBY IIOYAaTKOBOTO BIUIMBY Ha IapaMeTpH, IOB’s3aHi 3 TOPYLIEHHSIM CTPYKTYpH B
KOHCTPYKTHUBHHX €JIEMEHTaX, Ma€ BaXKJIMBE 3HAUCHHS JUI Oe3neku OyaiBeabHUX poOiT. Takox 3acTocyBaHHS
MIOYAaTKOBOT'O yIapy MOKHa BHKOPHCTOBYBAaTH JUIS HEpPYHHIBHOIO BHUIPOOYBAaHHS T'OTOBUX OyIiBEIBHHX
PO3YMHIB Ta YHCIIOBOTO aHANI3y IINAX KOHCTPYKIiH. JIOmiMBHO 3 OTNsAmy Ha XiJ YMCIOBHX JOCHIIKCHB
BHKOHATH YHCIOBHUI aHAIII3 IPOCTOI IaCTUYHOI CTPYKTYPH, 1100 MOKa3aTH KUTbKiCHI a00 MOTEHIIIHHO-SIKICHI
BIIMIHHOCTI I Pi3HUX THUIIB YMCJIOBUX aHaNi3iB HA OCHOBI METOAY CKIHUEHHHUX eJeMEHTIiB. lIpuknagom
LLOTO € TAPMOHIYHHI aHaJi3, 32 JI0MOMOTOI0 SIKOTO MOXKHAa BUKOHATH (pa30BO-4aCTOTHHUN aHaji3 CTPYKTYpH,
10 J1a€ 3MOTY BHU3HAYUTH PeajbHY aMILTITYAY, KO MOXHA JOCSTTH, HAPUKIAJ, Y pa3i 3MIIIEHHS IiJ Yac
HECKiHUE€HHO TPUBAJIOTO BILIMBY CHHYCOIAaIbHOI 3MiHHOI.

BuKOHaHO OLHKY IOYaTKOBOTO CTHCKY a00 pO3TATy HA IIBHUAKICTh IMOPYLIEHHS CTPYKTYpH. Takox
MTOKa3aHo, [0 CTOCOBHO €TAaJOHHOI MOJEIi, TOOTO MO, 10 He 3a3HaJIa MTONIePEIHIX BIUIUBIB, BiTOYBA€THC
3MiHa IIBUIKOCTI TOPYIICHHs CTaHY CIIOKOIO Ta 3MiHAa aMILTITyad. BiIMIiHHOCTI B OTPUMAaHUX MIBHIKOCTIX
BiTHOCHO €TAJIOHHOI MO PO3TATy B IIICTh pa3iB BHII, a CTUCHEHHs MPUOIN3HO B 47 pasiB Oinbime. [Ticms
MONEPEAHbOTO0 CTUCHEHHS MOJENb JOJATKOBO MiIANM IMITyJbCHBHOMY HABaHTaKCHHIO (iMiTamis TecTy
Monotka). KommpeciiiHi Hampy)KeHHS 3MEHIIYBaaM MIiKMOJICKYJISApHI BimcTaHi, TOGTO MOTOBIIYBaIN
CTPYKTYpPY Matepiaiy, mo 30iIbIIII0 MIBUAKICTE HOUTHPEHHS MOPYIICHHS CTPYKTYPH BHACIIIOK 3asBICHOTO
BIUIMBY IMITyJIbCHOTO HaBaHTa)keHHs 3 amrntiTynoro 10 H.

ToMy BH3HA4eHO, IO OTPUMAaHI BiAMIHHOCTI Yy IIBHUAKOCTI IOIIMPEHHS 3YMOBIEHI 3MiHOIO
MDKMOJIEKYJISIPHOT BiJCTaHi JJIsi aHATI30BaHOTO CEpPEAOBHUINA, SIK HACIINIOK BIUIMBY MOMEPEIHBOTO YAAPY,
TOOTO NMOBEPXHEBOTO HATATY a00 CTHCHEHHS JUIS aHAII30BaHOI MPOCTOI NPYKHOI CTPYKTYPH, BUTOTOBIICHOI 31
craii.
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