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INVESTIGATION OF THE WEAR PROCESS OF MIXER ELEMENTS
USING INFORMATION TECHNOLOGY

Today, mechanical engineering is one of the dynamically developing sectors of
the economy of Kazakhstan.

Any production process involving machines imposes requirements for reliability
and durability to ensure stable and trouble-free operation of technological processes.

In this regard, ensuring the operational characteristics of machines for a long
time is a key factor when choosing a manufacturer.

The quality of the materials used in the production of machines significantly
affects the service life and operational characteristics of machines.

The wear of machine parts is one of the main causes of breakdowns and accidents.

The financial costs of car repair items are quite large.

To date, the wear control of the mixer elements, removable elements of the blades
is carried out only visually and replacement occurs without a system, after complete
abrasion or breakage.

Since these elements are not always available in the warehouse of the enterprise,
downtime of equipment can take a considerable time.

Modeling of the wear process of mixer elements in the MATLAB program
allowed us to develop a simulation model using the vibroacoustic control method.
Analysis and processing of vibration signals is carried out using standard programs.
The developed algorithm of the process of monitoring the wear of the mixer elements
allows you to form a library of signals and noises, comparing them with the reference
values of the signals, to determine the degree of wear of the mixer elements. The
algorithm can be implemented on standard hardware and software devices.

Keywords: Mixer, wear, model, control, MATLAB, management.

Introduction

The organization of business processes in the real sector of the economy requires
large investments, both in the main production and in maintenance, which include
operation, repair, maintenance of technological equipment.
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In this regard, the requirements for durability, proper operation, and the expediency
of using machines are prioritized.

The fulfillment of these requirements is achieved by the introduction of methods
and controls that have the ability to detect malfunctions of machines and equipment at
the early stages of their development.

Modern advances in information technology, industry, allow us to conduct research
on various processes, including those related to the wear of the surfaces of parts and
machine elements.

There are quite a large number of methods for determining the wear of parts.

It’s no secret that the condition and dimensions of the working surface of the parts
depend on the maintenance of the working functionality of the machine, see Table 1.

Table 1 — Data on the failure of machines

Ne Reason Data on failures from open sources

1 Wear 49 50 51
2 Corrosion 4 3 9

3 Fatigue 19 21 17
4 Plastic deformation 28 26 19
5 Other 0 7 3

In terms of value, repair costs exceed 7-9 times the cost of machines for the entire
service life [1-4].

From [5] to restore worn parts, up to 50 % of the total repair costs are required.
In this regard, timely monitoring of the wear of parts allows you to reduce the cost of
restoration.

Depending on the degree of wear, the parts can be restored.

One of the methods for determining the wear of parts is vibration-acoustic methods.

The essence of this method is to receive vibration and acoustic signals from various
elements of machines with subsequent analysis of the frequency spectrum [1-4].

Currently, vibration-acoustic methods are used to control and detect defects in
various critical parts, structures, machining technology, etc. [5].

To date, the work related to the study of wear of mixer elements using vibration-
acoustic methods has not been published.

In this regard, the relevance of the study lies, first of all, in the need to develop a
methodology for monitoring the wear process of mixer elements.

Materials and methods of research

The object of research is a mixer, the subject of research is methods of controlling
the wear process of mixer elements.

The purpose of the study is to develop an algorithm for the process of monitoring
the wear of mixer elements, new control methods, and prediction of wear parameters.

Research objectives:

— simulation of the process of receiving a vibroacoustic signal from a mixer;

— development of an algorithm for the process of monitoring the wear of mixer
elements;

12
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—development of a functional control scheme for the wear process of mixer elements;

The research uses simulation modeling methods, vibration-acoustic method of
measuring machine signals received using sensors, system analysis method.

The MATLAB program is used as a modeling tool.

Results and discussion

The working elements of the mixer fig. 1 positions 1 and 2 are subjected to increased
wear during operation due to the influence of aggressive media, solid components.

Figure 1 — Working elements of the mixer

The working surfaces of the mixer (position 1) are made of high-strength steel
30HGSNA, 40HGSN3VA, 30X5MSFA, 09G2S, attached to the walls with screws.
The working surfaces of the mixer blades (position 2) are made of CHHINS cast iron.
According to the passport data, the hardness of the material of the working elements
of the mixer should ensure reliable operation for a certain time (the period is not
specified).
Depending on the hardness of the material, the degree of wear varies Table 2 [1-5].

Table 3 — Effect of material hardness on wear resistance

Material used Hardness H B Wear resistance %
0912C 220 26
YX9HS5 194 18

At the same time, it should be borne in mind that the type of thermal impact, the
structure of the material, affect the resistance to wear in an abrasive environment. In
any case, the strength of the elements of the mixer material should be stronger than the
material of the abrasive medium.

The mixer studied in the article fig. 2, commissioned in 2018, over the past period,
the working elements (items 1-2) have undergone significant wear in aggressive working
environments, in this regard, the interest is how much the thickness of the working
surface of the mixer elements has changed.

13
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Figure 2 — Mixer elements

As mentioned above, the aggressiveness of the medium has a significant effect on
the rate of wear and corrosion [6—9]. Figure 3 shows the dependence of the wear of the
mixer elements on the aggressive environment of the operating time.

.

Figure 3 — Dependence of the rate of wear and corrosion
on the aggressiveness of the medium

As can be seen from Fig. 3, 1 is the run—in zone, 2 is the normal wear zone, 3 is
the critical wear zone.

To date, one of the devices capable of receiving vibration signals is an accelerometer,
the accuracy of which depends on both the noise level and the sensitivity of the sensor
itself. Using the matlab tool, we will build a model of the process of receiving an
accelerometer signal from a mixer. Figure 4 shows a block diagram of a sensor for
detecting a signal from a source.
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Figure 4 — Block diagram of the sensor

where

f(t) is the incoming signal,;

K. — transmission coefficient of the sensing element;

Wle — transfer function of the mobile node;

K, - transmission coefficient of a capacitive displacement converter;

W, , — the transfer function of the correction device;

K .—is the transmission coefficient of the feedback link;

U — is the output voltage.

The model presented in Fig. 4 is constructed according to the method [10—12] using
the transfer function formula (1):

KppT1(]s) __ Kchen(1)

Wis)=Kche 1+KjcT1(jS)  KocJ(KocKppT1)S+1 (D

The transfer function includes the feedback coefficients K_, the sensing element
K, . Kpp— the transmission coefficient, T- time constant, J-the moment of inertia.

LA & 3

' wums)
! 'm :.r =1 r> " _ :H]
o e I +>—
s —

— — !
§ n

Figure 4 — Simulation model of the process of receiving a signal from a mixer
Based on the simulation results, the theoretical possibility of obtaining dynamic

signals from the sensor is obtained.
Table 3 shows the parameters of the accelerometer for modeling.
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Table 3 — Accelerometer data for simulation
Parameter m,, m,, m, kg Weight, kg J, kg/m? G, Hm T,T,T,
Data 4,024x 10° 570 x10° | 1,41x 101 2,76 x10°6 0,0024
5,678 x107° 168,7
Parameter K, K, K T ,sec
u pp che oc p
Data 1x107 3x10° 1,1x10% 2,541x 1078 2,36 x107

When removing signals from the source, there are difficulties associated with the
purity of the identification of the signal, which is affected by extraneous noise.

Fig. 5 shows the results of modeling using the simulation model Fig.5 of various
signal sources 1-noise from the fan, 2-—noise from the generator.

g

Figure 5 — Results of modeling signals from various sources

As can be seen from Fig. 5, the frequency spectra from external signals are quite
visual, the height of the amplitudes are clearly traced, the components are separated
from each other.

When using this model to study vibration signals from various objects, it is necessary
to identify the parameters of the frequency spectrum and noise, software and hardware, as
well as reference data on the classification of noise from various sources, as well as the
development of libraries of vibration signals and noise of the studied objects. [13—14].

Figure 6 shows the algorithm of the process of monitoring the wear of the mixer
elements.

16



HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 4, 2023

Fgmal 1ogral
Tgrad from Sroen the pearbos from tFa srgne
Tl PPl fastgne et Lo

| ! !
g

dgral prpEfoaton Sevae

e . —
il
[ AU R o e PR
- - . il
i

COmputer Wit LOftwEry

_— ._...-

Sl

Formation

Data processing and analysis =2 of a data library
T based on signals

Ll
_u I s =
Decision |
Making ' Dara base —
it _._ 1

— ._._..-F
-

Central control panel

Figure 6 — Algorithm of the process of monitoring the wear of mixer elements

The algorithm works as follows: vibrations and noise transmitted by a mixer,
gearbox, motor, recorded by sensors, are transmitted to a signal amplifier, then
transmitted via communication channels to a computer and software is used to analyze,
process the received data, and identify signals, identified signals are sent to the library
and stored in a database. After identification of signals, comparison with reference
samples of signals from the library takes place and management decisions are made.
All data on monitoring the wear process of the mixer elements are sent to the central
control panel. Figure 7 shows the algorithm for processing the signal from the source.
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Figure 7 — Signal processing algorithm

As can be seen from Fig. 7, the incoming signal processed by the program is
constantly compared with the reference signal (from the library), until the moment
when it exceeds the sufficiency threshold. Only 3 conditions are good, the beginning
of wear, critical wear.

Figure 8 shows the functional control scheme of the wear process of the mixer
elements.

signals : SoncEs

ey e plinn sl prosesing W aaadi g el imn Ay arell e dlafa

Figure 8 — Functional control diagram of the wear process of the mixer elements

Sensors can be installed directly on vibration and noise sources. Vibration signals
and noise from sources 1 (gearbox), 2 (motor), 3 (mixer) are transmitted to the ADXL.210
Argus soft device, where signals are registered and processed. There are a large number
of programs for processing vibration signals and noise. In our study, a development
[15] operating at a frequency of 8...14 kHz can be used to analyze vibroacoustic signals.

To work with the program, you need a computer with Linux OS, a mini-ITX
motherboard (size 170x170 mm).

The ADXL210 Argus soft supports Intel Pentium M and Celeron M processors
with a system bus frequency of 400/533 MHz.), a 10/100 Ethernet network controller.
DDR SDRAM OP is 1 GB, connection of 2 devices with Serial ATA serial interface

18
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(bandwidth up to 150 MB/s). The proposed hardware is implemented on standard
solutions, which is not a little important.

Due to the fact that there is no data on vibration signals and noises from the mixer
elements to date, it is necessary to identify them for various operating modes and
time intervals, in order to form a library of vibration signals and noises, as well as the
formation of dependencies to determine the wear of the mixer elements.

Conclusion

The algorithm presented in the article for monitoring the wear of mixer elements
allows processing vibration signals and noises in the range of 8—14 kHz, comparing
signals and noises with reference data, forming an object identification library,
monitoring the wear of mixer elements.

The hardware part of the proposed automated control system can be made from a
standard set of peripheral and computing devices.

To date, there are no works related to the study of the wear of the mixer elements.
In particular, the works of I. Artobolevsky, E. Hayrapetov, B. Abramov, V. Dorofeev,
B. Pavlov, F. Balitsky, M. Genkin and others are devoted to the detection of defects in
machines and mechanisms using vibroacoustic methods.

In this regard, the presented methodology for monitoring the wear process of mixer
elements will be useful to anyone who deals with issues of non-destructive wear control
using information technology.
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AKIMAPATTBIK TEXHOJIOT USITTAPJIBI ITAVJIAJTAHA OTBIPBITT
MUKCEP DJIEMEHTTEPIHIH TO3Y ITPOLUHECIH 3EPTTEY

bByeinei manoa mawuna ocacay Kazaxcman 5KOHOMUKACLIHBIY KAPKLIHObI
damvin Keje HCamKaH caianiapolivly Oipi 60avin madwliaovl.

Mawunanap xamvicamoin Kez-KeieeH OHOIPICMIK Npoyecc MexHOI0SUSIbIK
npoyecmepoiy MypaKmsl HCOHe ANAMCHI3 JHCYMbLC ICMEYiH KAMMAMACHI3 emy VUi
CEHIMOILNIK nen OepikmiKKe KOUubLIAmblH MAaaanmapovl Kosiobl.

Ocvizan OQUAAHBICIbL MAWUHATAPObIY NAUOALAHY CUNAMMAMALAPLIH  Y3AK
VaKblm KamMmamacwls emy OHOIpYwiHi manoayoaebl Hezizei Gakmop 6Oonvin
maowlIaowl.

Mawunanapovr  ondipyoe  KOIOAHLLIAMbIH — MAMEPUAnoapovly — canacvl
MAWUHATAPOLIY KbI3Mem emy Mep3imine JicoHe Nauoalany CUnammamaiapbina
avmapavikmati ocep emeoi.

Mawuna benuexmepiniy mo3sybl ColHy MeH anammapobly Hezizel cebenmepiiy
0ipi bonvin madwLLIAOLL.

Mawunanapovl scenoey banmapvlia KApICHLIbIK WbIebIHOAD Ome YIKeH.

byeinei kyni 6emon apanacmoipavliuumoly, anblHOANbL KANAK dJeMEHMMEPIHIH
KOP2aHbiC NeMeHmMmepPiHiy Mmo3ybli 0aKblIAY MeK KO30eH 2aua Jicy3e2e Acblpblidobl
JHCOHe ayvicmulpy dicylieni mypoe, MOAblK MO32AHHAH HeMece CbIH2AHHAH KeliH
JHCcy3eze aAculpoliaobl.

Oumueni, by sn1emenmmep 9pOAUbIM KOCINOPLIHHbIY KOUMACHIHOA, KAPANAUbIM
arcabovikma 6oaa bepmetioi, Oy aumapivlKmail YaKblmmol a1ybl MyMKIH.

MATLAB 6azoapramaceinoa apanacmoipebiii 31eMeHmmepiniy mo3sy npoyeciu
MoOdenvoey matlab bazoapramaceinda Oipin-axycmuKaibik 90icmi KoI0aHa OMmulpuln,
MoOenboey MoOenit dcacayea MyMKIHOIK 6epoi. Jlipin cueHanoapvin maioay HcoHe
oyoey Cmandapmmul Oaz0apiramanap apxwlivl Jicy3eze acblpuliadvl. Mukcep
INEMEHMMEPIHIH MO3YbIH OAKLLIAY NPOYECIHIH O3IPICHEEH ANCOPUMMI CUSHALOAP MEH
WynapObly Kimanxauacvli Kaislnmacmuipyad, 01apovl CUSHANOAPObIH AHBIKIMAMALbIK,
MOHOEpIMEH CanviCmvlpyad, MUKCEp 1eMeHMMepIniy mo3y 0opedlcecin anvikmayaa
MYMKIHOIK Gepedi. Aneopumm cmanoapmmul 6a20apramanblk JHeoHe annapammaolk,
KYPbLISbIIAPOA HCY3e2e ACHIPBLTYbl MYMKIH.

Kinmmi ce30ep: muxcep, mo3y, mooenw, baxviiay, MATLAB, backapy.
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NCCIEJOBAHUE ITPOHECCA U3HOCA 3JIEMEHTOB MUKCEPA
C UICHTOJb30BAHUEM HH®OPMAIIMOHHBIX TEXHOJIOT A

Ha cecoonsiumnuii denv mawunocmpoenue s6asemest 00HOU U3 OUHAMUYHO
passusalowjuxcsa ompaciei skonomuku Kazaxcmana.

Jhoboii npouzeoocmeennsvili npoyecc, 8 KOMOPOM YUACMBYIOM MAUUNDL,
npeovagisem mpedbosanus no HAOENCHOCMU U 001208e4HOCIU, 01 obecneyenus
CcmadunbHo2o U 6e3a6apuUliHO20 GYHKYUOHUPOBAHUS MEXHOT0SUYECKUX NPOYECCOB.

B omoil cesa3u obecneuenue SKCNIYAMAYUOHHBIX XAPAKMEPUCTRUK MAUUH
npoOOICUENbHOE  8PEMs,  SIGNAEMCsl  KIIOUeGbIM  (AKmopom npu  eblbope
npouseooumeis.

Kauecmeo mamepuanos ucnonb3yemuvix npu npou3800Ccmee MauuH, SHAYUMenbHO
6USAEM HA CPOK CYAHCObL U IKCHIYAMAYUOHHBLE XAPAKMEPUCTHUKU MAUUUH.

H3noc oemaneti mawun, a6151emcsi 0OHOU U3 21ABHBIX NPUYUH NOLOMKU U A8APULL.

Qunancosvle 3ampamol HA CMAMbU PEMOHMA MAUUH OOCMAMOYHO GENUKU.

Ha cecoonsuunuii 0env, KOHMpoab U3HOCA JJ1eMEHINO08, CHEeMHbIX IIeMEHINO08
JIORAMOK MUKCEPA, OCYWECMEIsemcst MOAbKO BU3YATbHO U 3AMeEHA NPOUCXooum 6e3
cucmemno, nocjie NOIH020 UCMUPANUS UTU NOJIOMKU.

Taxk kax, amu s1eMenmul He 86Ce20a UMEIOMCSL 8 HAUYUE HA CKIA0e NPeOnpusmusl,
npOCmot 000pYO0BAHUsL, MOJICEM 3AHAMY SHAYUNETLHOE BPEMSL.

Mooenuposanue npoyecca uHOCA DIEMEHMO8 MUKcepd 8 npozpamme
MATLAB, noszsonuna paspabomamsv UMUMAYUOHHYIO MOOEIb C UCNOJb308AHUEM
sUOpoarycmuuecko2o memooa KoOHmpoas. Awanuz u obpabomra 6uOPOCUSHATO8
0CYUecmeaanencsl C NOMOUbIO CMAHOAPMUBIX Bpocpamm. Paspabomannuiii aneopumm
npoyecca KOHMPOJL USHOCA INEMEHMO8 MUKcepd, NO380sem HopmMuposamsy
OubIUOMEKY CUSHANIO8 U WYMO8, CDABHUBAS UX C IIMATOHHBIMU 3HAYEHUAMU CUSHATIO8,
onpedensams CmeneHb UHOCA dNeMEHmOos Murcepa. Ancopumm, modcem Ovlmb
Peanu308an Ha CMAaHOAPMHBIX NPOSPAMMHO-ANNAPAHBIX YCMPOUCEAX.

Kuoueegvle crosa: Mukcep, usnoc, mooein, konmpoav, MATLAB, ynpasnenue.
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