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MEASURING CHAIN FOR CHECKING THE VIBRATION
OF MECHANICAL PARTS

Urgency of the research. Interest in this topic is aroused, because mechanical vibration may damage the machinery or
parts of machine. Therefore, it is appropriate to design systems that detect problems. Also these systems can help in the time-
ly replacement of the worn part.

Target setting. The main goal is to design a system that can detect in a timely manner a problem that could destroy the
device. It is therefore necessary to design systems that can record this.

Actual scientific researches and issues analysis. In recent years, there has been an increase in demand for equipment that can
detect a timely problem. Many such devices already exist and are still being upgraded. This industry is called vibrodiagnostics.

Uninvestigated parts of general matters defining. This paper is focused on the analysis of mechanical systems and the
creation of a measuring chain.

The research objective. The aim of this research is to analyse the mechanical systems and the assembly of the measur-
ing chain. The functionality of the device can be verified on this measuring chain. Whether or not it is suitable for operation.
In the future these systems will be upgraded with software that better records the vibrations.

The statement of basic materials. The analysis consists of basic information about mechanical systems and sensors. The defini-
tion of this problem is described below. Based on this knowledge of mechanical systems, a measurement chain was designed.

Conclusions. Our vision is to implement knowledge of mechanical systems not only on a simple fan stator. Problems of vibrodi-
agnostics are still progressing and increasingly in technical practice. We would continue to do more testing on more complex devices.

Keywords: mechanical vibration; mechanical systems; damage; vibrodiagnostics.

Fig.: 5. Table: 1. References: 9.

Problem definition. The operation of each machine produces effects that cause the ma-
chine to oscillate. Increasing the performance of the device leads to an increase in the level of
dynamic effects, which results in unfavorable consequences, namely a reduction in the service
life, reliability and, above all, wear of the machine parts of the device. However, the oscilla-
tion cannot be completely eliminated and therefore a certain permissible value is prescribed
for each device. Compliance with this standard ensures long-term and trouble-free operation
of the device. Each machinery should include its continuous vibration diagnostics coupled
with monitoring of the operation to enable its immediate control of the operating parameters.

The accuracy of production, technological assembly, used material of its parts, loading, etc.
also have a significant influence on the oscillation of the device itself. Analytical, numerical and
experimental methods of mechanics, which are part of the analysis of machines and equipment,
are used to solve the vibration problem. In many cases, they are the only possible procedure for
determining real dynamic parameters. There are already enough publications in this area. The
importance of solving this issue is versatile, because the solution of this issue can prevent un-
necessary waste of economic resources and, in extreme cases, loss of life [1].

Problems of mechanical systems and their oscillations, therefore the Fig.1 shows the distri-
bution of oscillating processes. The distribution is given by STN ISO 2014 and in this standard
vibration is understood to be a change in the time value of the defining quantity of the vibration
that expresses the movement or position of the mechanical system when the defining quantity is
alternately greater or less than a certain average or reference value. The aim of the research is to
get acquainted with the possibilities of vibrodiagnostics. To accomplish the goal there were
such tasks. To describe the Fourier transformation and assemble the measurement chain [2].
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Fig. 1. Oscillating processes
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Sensors for measuring mechanical vibration. A measuring device is a set of instruments
that works by obtaining at its output information y (#) about the time course of the quantity x (?)
that acts on the input of this device. In order to obtain complete information about the measured
quantity, it is necessary to know the transmission properties of the measuring device used
(e.g. sensitivity, working range, linearity, etc.) [3].

At Fig. 2 1s a block diagram of a measuring device for measuring mechanical vibration.
Transmitter / transmits mechanical vibration from the measured object to the sensor. An exam-
ple of such a transfer member is e.g. clamp for fastening the sensor to the measured object,
glued connection of the sensor to the object, etc. The sensor contains a detecting element that
determines the physical nature of the sensor output signal [4].

Sensors:

* absolute and relative,

* touch and non-touch,

» mechanical,

* hydraulic,

* pneumatic,

* optical,

* electrical,

* active or passive.
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Fig. 2. Measurement block diagram

A transducer is a device that extracts energy from one system and supplies energy in the
same or in another form to another system so that the required input energy characteristics are
present in the output energy. The converter transforms the quantity obtained by the sensor in-
to another analog physical quantity. The main types of electromechanical converters are:

* piezoelectric, piezoresistive,

* electrostatic transducer,

* magnetostrictive transducer,

» inductive — electronic transducer,

* moving coil transducer.

Frequency analysis of vibration. There are methods for analysing the time wave itself and
are very effective for some disorders. But this is not the most common way to analyse vibra-
tions. The most commonly used so-called. Frequency analysis. The basic consideration of how
to analyse vibrations in more detail is shown at Fig. 3. Each time wave consists of contributions
from individual vibrating parts, mostly with different frequencies. Frequency analysis is a tool
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that is able to show these individual contributions directly. Vibration diagnostics detects a ma-
chine error based on the frequency components that occur in the vibration spectrum. Frequency
analysis is performed by Fourier transform (Fourier series decomposition) [5].
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Fig. 3. Principle of frequency analysis

The function x (z), which is periodic at time T, can be expressed as an infinite sequence

in the form:
x(t) = % + Y ila, cos(nwt) + b, sin(nwt)]; w = 2?" (1)
This relation means that the original function x (?) can be composed of infinitely many si-
nusoidal waveforms that have different amplitudes and their frequencies are multiples of the
fundamental frequency w. The coefficients a, and b, are Fourier or spectral coefficients of the

function x (¢) and are calculated from:
a, = %fOT x(t) cos(nwt) dt (2)

b, = %fOT x(t) sin(nwt) dt (3)

When working with measured vibration signals, we consider the function to be periodic in
the measured interval 7. Current signal analysers do not work with a continuous time wave,
but the measured signal passes at the input to the A / D analyser (analog / digital), which rec-
ords the time wave as a sequence of N discrete values with regular time intervals in the 7 in-
terval is called discretization. The discretized function x (z), which is defined on the set N of
individual time moments #, (k=1 ... N), can be written as a finite Fourier series:

N

xi(=x(t)) = % + 211 [ancos (Zn;ltk) + b,sin (Znntk)] ;k=1..N 4)

T

Fourier coefficients are often displayed in the form of amplitude ¢, and phase ¢,:

cn(= (t)) = ai + b3 (5

on = arctg (- 2*) (6)
n(=x00) = 24 Y [ercos(M2 4 g, G

This form of Fourier transform is called a Discrete Fourier Transform (DFT). The resul-
ting Fourier series, or a set of sinusoidal waveforms from which the original time wave can be
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composed, is called the frequency spectrum. Thus, by Fourier transform, we transmit infor-
mation about vibrations from the time domain where the individual events are mixed to the
frequency domain in which each event is represented by a separate sinusoidal waveform cor-
responding to the frequency (frequency or spectral line) [7].

The basic relationship between sample length 7, the number of discrete values N, the sample
rate f; and the range and resolution of the frequency spectrum applies. The range of the spec-
trum 1S O-fmax, Where fma 1s the Nyquist frequency and the line resolution in the spectrum is Af:

1_ fs
Af = o=7 (8)
Jmax = %: %g )

In current analysers is used algorithm called Fast Fourier Transform (FFT), where N is the
integer power of number 2. In fact, the upper frequency limitation of the spectrum fmax 18
somewhat reduced from the theoretical value (e.g. for N = 2!, 1024 frequency lines are not
used, but only 800).

The basic principles of vibration diagnostics consist in consistent and correct measurement of
mechanical vibration of machines and structures in industrial or laboratory environments. Vib-
rodiagnostics can be briefly compared to ECG examinations of the human body in health care,
even if another physical factor is measured and analysed and, of course, the method of measure-
ment and analysis is applied. However, the objectives of the two different fields are common. In
the case of ECG, to determine the health status of a person - in particular the heart as the engine of
the human body and in the case of vibrodiagnostics determine the technical condition of the ma-
chines, including the various drives, without decommissioning and disassembly [8].

Realization of the proposed measuring chain. The object of measurement was a fan,
which represented the analysed rotary machine. For measurement, uniaxial acceleration sen-
sors Briiel&Kjceer 4507B were used, which were applied to the fixed part of the fan at a posi-
tion above its rotor. Tab. 1 is shown parameters of used sensors for measuring [9].

Table
Accelerometer parameters
sensitivity 9,927 mV / ms™
frequency range 0,3 Hz - 6 kHz
measuring range £ 700 ms? peak (+ 71 g peak)

The sensors were applied to measure acceleration in three directions: radial - horizontal
direction, radial - vertical direction, axial direction, Fig. 4.

Fig. 4. Sensors on stator of motor

The sensors were connected to the USB 4431 A / D converter, which was connected to a
computer via a USB interface. This type of converter has 4 analog inputs and 1 output. After
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the wiring of the sensors, the power supply, the converter and the computer, the measurement
was made. The proposed chain works and the measurements were performed. The measure-

ments will be processed. At Fig. 5 is shown proposed measuring chain.
-

o /
S 74

Fig. 5. Measuring chain

Conclusions. Based on the described analysis, we became acquainted with the measure-
ment by means of vibrodiagnostics. In the future, we would like to make multiple measure-
ments, using other sensors, on machinery and thus verify the measurement chain in practice.
This chain should continuously monitor the oscillations on the devices. For more accurate

measurement it is necessary to create data collection. This method could be used to detect
machine failure in a timely manner.
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Ilimep Mapyunxo, Mixynaw I'atioyx, Mapmin Kouan
BUMIPIOBAJIbHUM KAHAJI JJISI OIIIHKHY BIGPAIIL JETAJIEH MEXAHIKH

Axmyanvhicmo memu 0ocnioxcenua. lumepec 0o yiei memu niosuweHuUll, OCKIIbKU MeXAHIuHI 8ibpayii Modcyms noui-
Kooumu mawuny abo oemani mawuny. Tomy 0oyinbHO po3podumu cucmemu, wo suasisioms yi npoonemu. Takoxc yi cuc-
memu MONCYymb OONOMOSMU 8 CE0CHACHIL 3AMIHI 3HOWEHOI 0emaili.

Ilocmanoeka npoonemu. OcuosHa mema - po3pooUmMuU CUCMEMY, KA 3MONCE BUACHO BUABUMU NPoOIeMy, KA Mo2ia O
spyunyeamu npucmpit. Tomy HeobXiOHO po3pobumu cucmemu, Ki MOXHCYMb Ye PeECmpysamu.

Ananiz ocmannix oocnioxcens i nyonikauiii. B ocmanmi poku cnocmepieacmscsi 3pOCMAanHs NONUMY HA 00NAOHAHHS,
sAKe Modice YacHo suasumu yi npoonemu. bazamo maxux npucmpois sice icHyromb i 8ce we oHosaIMbCA. L eanyss Hazu-
8aemuvcsl 810p00LAcHOCINUKOIO.

Buoinenns nedocniosycenux uacmun 3azansnoi npoonemu. L{n cmamms npucesiyena ananizy MexamivHux cucmem ma
CMBOPEHHIO BUMIDIOBATIbHO20 KAHATY.

Iocmanoeka 3ae0anns. Memoro ybo2o OOCTIONCEHHS € AHANZ MEXAHIYHUX CUCIEM MA CKAAOAHHS BUMIPIOBAIbHO20 KAHA-
71y. QYHKYIOHAILHICIb NPUCMPOIO MOJICHA NePesipUmu Ha YboMy GUMIPIOBATbHOMY Kanaui. TIpudamuuil 6in ons ekcnryamayii
yu Hi. B manbymuvomy yi cucmemu 6y0yms MOOEpHI308AHI NPOCPAMHUM 30A0e3NEYEeHHsM, SIKe Kpaule peccmpyoms 6iopauii.

Buknao ocnosnozo mamepiany. Ananiz cknaoacmocsi 3 0CHOBHOL iHopmayii npo mexaniyni cucmemu ma oamuuxu. Busna-
uenns yiei npobiemu onucaro Hudicue. Ha ocrosi yux 3namns mexanivnux cucmem 6y8 po3pooneHutl BUMIPIOBANIbHULL KAHAL.

Bucnoexu ionogiono 0o cmammi. Hawe 6auenns - 6nposaodicy8amu 3HAHH MEXAHIYHUX CUCMEM He Tuule HA 36UYali-
HoMmy eenmunamopi. IIpobnemu ibpodiacnocmuxu éce wie npoepecyromy i ece wacmiute 8 mexuiynitl npaxmuyi. Mu 6yoemo
npPo00BICY8AMU MECMYBAHHSA HA OIbLUU CKAAOHUX NPUCMPOSIX.

Knrouoei cnosa: mexaniuni 8iopayii; mexaniyui cucmemu, NOUKOON CeHH s, 8i10pOJiacHOCMUKA.

Puc.: 5. Tabn.: 1. bion.: 9.
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