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INVESTIGATION OF COMPLEX
STRUCTURE SYSTEMS BASED ON
SPECTRAL ANALYSIS

06’cxmom docaioacenv € npouyec 00podKU pe3yabmamis pyxy 6i6PoYwitvHIoUUX Mawul 6yoisenvioi indycmpii.
O0miero 3 npobaem npu O0CAiONCeHHT GIOPAUIIHUX MAUU MEXHON02IUN020 NPUSHAUCHHS. € BUSHAUCHHL NAPAMEMPIE
nPOCMOPO60Z0 PYXY POOOUUX 0P2ANIE MAULUHU A BCINANOBACHISA 6I0N0BIOHOCME IX 3 PO3PAXYHKOBUMU, K OMPU-
MaHi 8 pe3yrvmami Po3PaAxXYHKIe YU YUCETbHOZ0 MOOCTIOBAHHS. A MAKON NPU BCMAHOBICHHI MEXHIYHOZ0 CINAHY
KOHCMPYKUil nio 0ic1o ckaaonozo dunamiunozo enusy. Tpyonowd, sxi eunuxaromo npu 00CAioNHcenni OUHAMIMHUX
NPoOUECi8, BUKIUKAHT BUSHAUEHHAM NPUPOOU | PAKMUUHUX 3HAYEHD OUCUNAMUBHUX CUL, BNIAUEOM HEBI0OMUX BU-
NaoKoBUX eUYUI, 8 TROMY UUCII, 3A6a0 i HeDOCKOHALOCMEl UMIPIOBALLHOT MEeXHIKIL.

ITi0xid, saxuii npononyemvcs y oanitl pobomi, 6a3yemvcs na 2inomesi nPo Po32isio0 CUCMEMU CKAAOHOT CmpyKmypu,
W0 M€ Ounamiunuil 6NAUG, K c0unoi cucmemu i3 6ionosionumu it ounamiynumu xapaxmepucmuxamu. Peanisayis
maxoz0 nidxody modxce Gymu 30UCHENA WLAXOM GUSHAYEHNS OUHAMIYHUX NAPAMEMPIE CUCTNEMU 3 NOOALLUUM
CREKMPATLHUM AHATLIZ0M MA BCMANOGLEHHAM OCHOGHUX YUACTNOM KOIUBAND, SKI 00YMOBIEHT 306HIWHIM GNIUBOM,
a maxojc ussIents ma uimxoi idenmuikauii suwux 2apmonix. [ns susnauenns neobxionozo egpexmuenozo
Memody npedcmaesienns pe3yivmamie Oyau euxopucmani sanucu 6esnepepenoi Qixcauii 6ibpayiiinozo npoyecy
i3 6i00MO10 wacmomoio 306HiwHbL020 enausy. IHodarvua 06poOKa MAKUX Pe3yIbmamie Ha 0CHOGE CNEKMPALLHO-
KOpeasuyitinozo memooy 003601U1aA BUSHAUUMU ePERMUSHUT CNOCIO BU3HAYEHHS OCHOBHOT YACMOMU, BUSGUMU 61LIUE
BUILUX 2APMOHIK A CIMOPOHHIX YACTMOM, SKI Henpumamanii 00caioxcysanomy npouecy. Posensmymi cnexmpu koau-
8aMb 8 NIMHILIHIT MA N02APUDMIUHIL WKANL 30 NPUCKOPEHHAM MA CNeKMPALbHOI0 NOMYNUCHICMIO. 3a Pe3yIbmamamu
Q0CIOHCEHHSI BCMAHOBLCHO, WO 3ACMOCYBAHHS CAMe CReKMPALLHOT NOMYMCHOCME PI6HS CUZHATY € ePEeKMUBHUM
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1. Introduction

Vibration machines and processes occupy a significant
place in various sectors of the economy. Along with the
study of dynamic phenomena that occur directly during
the implementation of the technological process, an urgent
task is to assess the impact of such equipment on neigh-
boring structures. In the general case, it is possible to
talk about a system that is subject to the general laws
of motion. But at the same time, given the complexity
of the system, the number of its structural elements and
the variations of their possible vibrations, studying the
parameters of such systems is a rather difficult task.

The behavior of vibration systems subject to random
forces must be studied by the same methods of represent-
ing both random effects themselves and random reactions
of vibration systems to these effects. Vibration analysis is
one of the experimental methods for assessing the techni-
cal condition and identifying defects in dynamic systems.
As a rule, when applying this method, spectral analysis
based on the Fourier transform is used, with which vi-
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bration frequencies are determined. And based on the
values of the obtained vibration frequencies, a further
assessment is made about the technical condition of the
object under study and the presence of defects. Difficul-
ties arising in the study of complex technical systems
by this method associated with establishing the nature
of random influences and an unambiguous interpretation
of the analysis results. Since next to the actual physical
processes that are inherent in the system under study
there are false analysis results associated with errors in the
mathematical apparatus, imperfections of measuring instru-
ments and the influence of external factors of a random
nature.

Experimental studies based on measurements of ac-
celerations are given in [1, 2]. In these works, on the
basis of the constructed vibration spectrum, the natural
frequencies of vibrations are determined. The technique
described can be used in the study of more complex dynamic
systems. Measurements of the dynamic characteristics of
systems for the purpose of diagnosis and monitoring of
existing defects in metal structures are presented in [2].
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The methodology for the application of experimental studies
of vibration and their processing is presented. The im-
provement of the calculation model based on the obtained
dynamic characteristics is proposed.

Measurements of the dynamic characteristics of systems
in order to identify defects in structural elements are
devoted to [3, 4]. In these works, a methodology for the
application of experimental studies of vibration and their
processing is presented. The authors note the presence
of noise phenomena that interfere with the assessment
and accounting of these phenomena, it is proposed to
implement using mathematical processing. The work [5]
is devoted to the application of the method in nonlinear
active vibration control systems. As the authors note, the
advantage of such an integral method is that there is no
need to know the parameters of the system, such as mass,
attenuation, and stiffness coefficients, which are usually
obtained by finite element methods. For measuring vibra-
tions, acceleration sensors are usually used. But at the
same time, there are alternative solutions. The remote
measurement given in [6] is based on the use of laser
and optical devices. And the use of an vibration sensor
based on optical fiber is proposed in [7]. Of course, such
data acquisition systems are highly accurate and sensi-
tive. The work [8] presents the results of experimental
studies of conveyor rollers based on Wavelet analysis,
which is effective in the study of non-stationary processes
with a change in frequency characteristics. The obtained
results of theoretical [9] and experimental [10] studies of
the shaping surfaces of a technological vibration machine
indicate a complex movement of such a system, and the
authors recommend the use of spectral analysis to process
the obtained data. Despite the large number of publica-
tions on this subject, the question of assessing dynamic
characteristics is relevant, since in most cases it depends
on the particular system under study and the conditions
for the use of measuring equipment. Thus, the object of
research is the process of processing the results of the
movement of vibration-stabilizing machines in the construc-
tion industry. And the aim of research is determination
of an effective method for identifying a dynamic process
and performing an integral assessment

3. Research results and discussion

Based on the conducted experimental studies, a number
of vibrograms characteristic of the system under study
are obtained. Records of continuous fixation of the pa-
rameters of the dynamic effect directly on the forming
surfaces at an external force frequency of 17.5 Hz are
shown in Fig. 1.

As can be seen from the vibrogram in Fig. 1, there
are other vibration frequencies that differ in numerical
value from the main one.

The resulting spectrum of the RMS value of the mea-
sured parameter of the reduced vibrogram (Fig. 2) indicates
the presence of higher harmonics. It should be noted that
the second peak in the spectrum (35 Hz) has a greater
numerical value than the first (17.5 Hz).

Therefore, in the case of an unknown numerical va-
lue of the fundamental frequency, a false result could be
obtained by taking the second peak as the fundamental
frequency, and the first as its subharmonic. The pre-
sence of peaks at higher frequencies is also doubtful. So,
a clear peak at a frequency of 50 Hz is a consequence
of the influence of external noise from the power grid.
Other values of frequencies can be both superharmonics of
the fundamental frequency and the result of mathematical
processing.

The spectrum of the RMS value of the measured para-
meter in the logarithmic scale of the same process (Fig. 3)
has a completely different character. There are a large
number of peaks of both frequencies that occur in the
dynamic process and frequencies due to external noise
(50, 100, 150 Hz). Therefore, for a process which dynamic
parameters are unknown, it is difficult to determine the
values that take place.

Unlike the previous spectra, the spectrum of vibrations
with respect to the spectral power parameter (Fig. 4) clearly
demonstrates the presence of only three peaks. Moreover,
the main frequency of vibration excitation (17.5 Hz) cor-
responds to a larger numerical value, its higher harmonics
(second and third peak in the spectrum) correspond to
the real physical process, which is shown in Fig. 1.
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Fig. 1. Vibrogram of the investigated process
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Fig. 2. Vibration spectrum (linear scale)
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Fig. 4. Vibration spectrum

The performed studies confirm the possibility of the
effective use of spectral analysis for assessing dynamic
processes and can be used in monitoring the technical
condition of technical structures with unknown external
exposure parameters. Evaluation criteria, such as spectral
power and spectral density, can be used for an adequate
analysis, identifying the fundamental vibration frequencies,
their harmonics and allow to take into account the effect
of higher harmonics on the investigated process.

4. Conclusions

It is found that the vibration spectra in the linear
and logarithmic scales with acceleration are considered do
not make it possible to evaluate the real dynamic process.
The spectral power spectrum more adequately reflects the
investigated process and allows to estimate the contribu-
tion of higher harmonics to the system dynamics.

The obtained research results can be used in the study
of systems with complex motion with unknown param-
eters of external influence when performing diagnostics
and evaluating the technical condition of technological
machines, the vibrations of the supporting and enclosing
structures of buildings.
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