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DIAGNOSTICS OF THE TECHNOLOGICAL CUTTING PROCESS
BASED ON NEURAL NETWORK MODELING

A diagnostic method for the cutting process is proposed, based on acoustic
signal analvsis and further processing with newro-fuzzy networks. This approach
enables real-time tool wear detection, reduces monitoring costs, and improves
product guality. The expected outcome is developing an intelligent monitoring system

integrated into the Industry 4.0 concept,

In modermn mechanical engineering production, considerable attention
15 paid to increasing the efficiency and reliability of technological processes.
One of the key problems directly affecting product quality and production costs 1s
the timely detection of cutting tool wear. Premature loss of tool operability leads
to a higher percentage of defective parts, increased equipment downtime, and rising
production expenses. Traditional diagnostic methods based on visual inspection or
force and temperature sensors have several significant limitations, including
high equipment costs, complex integration into CNC machines, and limited accuracy
in large-scale production.

A new approach to process diagnostics 1s proposed, based on registering
acoustic signals and their subsequent processing using neural network modeling
methods. The idea is that charactenistic features of tool wear mechanisms are
reflected in the spectral characteristics of noises that oceur in the cutting zone [1].
Using microphones as primary sensors makes it possible to collect data at minimal
cost and without interference in machine design. The recorded signals can be
converled into digital form, filtered from noise, and used as input data for artificial
neural networks.

As a basic architecture, it is advisable to consider neuro-fuzzy networks
of the ANFIS type (Adaptive Neuro-Fuzzy Inference System), combining deep
learning and fuzzy logic capabilities [2]. This approach allows for handling noisy
data and uncertainty in signal characteristics and generating adaptive rules for
predicting the degree of wear. Signal processing may include wavelet analysis,
spectral decomposition, and statistical feamure extraction (mean value, variance,
mode, median, ete.). increasing the dataset's informativeness for model training.
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The expected result of the proposed method 15 the creation of an mtelligent
monitoring system capable of detecting deviations from regular operation and
predicting the residual life of the cutting tool in real time. This will allow timely
adjustments to cutting modes, avoiding emergencies, and reducing the percentage
of defects [3]. Another advantage is the possibility of integrating the developed
model into CNC machine software, which opens up prospects for building digital
twins of technological processes within the Industry 4.0 concept [4].

The proposed approach’s scientific novelty lies in using acoustic signals as the
primary source of diagnostic data, which minimizes equipment costs while ensuring
high sensitivity to changes in the cutting process. Neuwro-fuzzy networks for
analyzing such signals provide the basis for adaptive models capable of functioning
under different production conditions without complex reconfigurations [5].

The proposed methodology can find wide application in the mechanical
engineering industry, combining simplicity of implementation with high automation
potential. Its implementation will increase production competitiveness, oplimize
tool costs, and 1mprove product quality. Promising directions for further research
mnclude expanding the range of analyzed signals, maximizing the architecture
of neural networks, and creating a prototype software module for integration into
industrial monitoring systems.
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MeTa i 3aBAaHHA poboTH

Mera pobotn — mifiBuineHHA e(PEKTUBHOCTI OIIHKM TEXHIYHOTO CTaHY BUPOGHIIOTO
obsagHaHHA ULIAXOM  PO3pObJIEHHA CHCTEMH ABTOMATH30BAHOTO  AHAJII3Y
IapaMeTpiB Ipoliecy pisaHHA 3 BUKOPUCTAHHAM HEHPOHHUX MEPEK.

O0’ekT po3pobKK — IIPOTIEC OI[IHKH TEXHIYHOTO CTaHY BHpPOOHWUOro obsajHAHHA B
YMOBaX aBTOMATH30BAaHOTO BHPOOHUIITBA.

IIpenqmeT pozpobKM — IMporpaMHUE 3acib OMIHKYM cTaHy BUPOOHHYOro 0O/IaHAHHSA 3
BUKOPHUCTAHHAM HEHPOHHHUX MepeK Ta CEHCOPHUX CHCTEM /I BUABJIEHHS O3HAK
3HOCY.

3aBoaHHA:
* IIPOAHAJII3YBATH CydacHi MeTO;[A Ta 3acO0H OI[IHKH TEXHIYHOI'0 CTAaHYy BUPOOHHYOTO
oOsagHAHHA;
* JIOCJIIUTH MpoIlec 3HONUTYBaHHA BUPOOHUYOro 06J1aJHAHHA Ta BUBHAYUTH
iHdDOpMAaTHBHI MapaMeTpH JJIA OI[IHKU HOTO TEXHIYHOTO CTaHY;

* PpPO3pOOHTH CTPYKTYPHY CXEMY CHCTEMHU;

*  pPo3pobUTH ANTOPUTMH 00POGKH BIOPOAKYCTUIHHMX CUTHAIIE 1 GOPMyBAHHS 03HAK
IS J1arHOCTHKHY;

* peayizyBaTH Ta HABUHUTH IHTEJEKTYATbHY MOJIEND (HEHPO-HEUITKY) A
aBTOMATH30BAHOI OIIHKH TEXHIYHOTO CTaHy 00IaqHAHHA.
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AKTyaNbHiCTb pob0TH

* AxTyanpHicTh oOpaHOI TeMH 3yMOBJIEHa IIOTPeOOI0 IIi/IBUINEHHSA HAJIHHOCTI Ta
OezmepepBHOCTI poboTm BUpoOHMYOro oOJsialHAHHA B yMoBaxX ITM(POBOI
TpaHcdopMaliii IPOMHCIOBOCTI.

- ABTOMATH3AITisi TIpOIleciB JIarHOCTUKH Ta OITIHKH cTaHy oOJaJiHAHHA Ha OCHOBI
IHTeJIeKTyaJIbBHUX CHCTEM JI03BOJII€ 3a0e3NeYNTH CBOEUYAaCHe BUABJIEHHS BiXWJIeHb
Ta OINTHMI3yBaTH IUIaHYBAaHHA TeXHIUHOro oOC/IyroByBaHHA. BHKopHcTaHHA
HEAPOHHUX Mepek Y KoMOiHaIlil 3 JaTunKkaMu BiOpariiil, TeMItlepaTypu Ta 3ByKOBHUX
CHTHAJIIE JAa€ 3MOTY CTBOPHUTH IHTeJEKTyaJbHY MOJEIb OIHKH 3HOCY PLKydOoro
IHCTPYMEHTY Ta 3arajJibHOTO CTaHy o6JIalHAHHA.

o Takmit miaxim BianoBimae wAM crasoro po3BuTKy OOH, 3okpema Ilimi 9
«Iagycrpiamizarmisa, iHHoBamil Ta iH@pacTpykTtypa» Ta Ilimi 12 «BiamorimanbHe
CIIO}KMBAHHA 1 BHUPOOHHIITBO», aiKe CIOPHAE BIPOBAIKEHHIO I1HHOBAIIHHHX
TEXHOJIOTIH, ONTHMI3aIlil BHKOPHCTAHHI PecypciB 1 SMEHNIEHHIO KiUTBKOCTI

BUPOOHHWUMX BiJIXO/IiB.
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AHani3 meToaiB Ta TEXHOJOrIMN

«BibpoakycTryHa /TiarHOCTHKA

«CustoBa JliaTHOCTHKA
*TerioBa giarHOCTHKA
*BigyasibHa JlarHOCTHKA

eMammuHHUH 31p
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MpuKknag poboTu HEMPOHHOT Mepexki Tuny ANFIS
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Ayaiodaniv ekcnopty i nepiogM4YHOro Bpi3aHHS
iHCTPYMEHTY B 3aroTOBKY
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dinbTpauia cMrHany Big CTOPOHHIX LWYMIB
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JIBa ay1ioCHTHAIHN MPOXoiB 110 (inpTpartii npu JIBa ayzniocursany micis ¢iasTparii Ta ix
HOpMaJbHiH 00po0i1ti CIeKTpaJbHUII aHalli3
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CriekTporpama oOpo0IIeHOro CUTHATY ITopiBHSHHS JBOX IPOXOJIB JO i Micias
¢inpTpanii
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HenpoHHa mepexka ANFIS

File Edit View
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File Edit View

Heiiponna mepexa ANFIS i3 3aBaHTaKeHHMHU IIponec HaBUYaHHA HelipoHHOI Mepexki ANFIS
JTaHHMH I HABYaHHA
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3reHepoBaHi NpaBM/ia HEYiTKOro BMBEEeHHA HEMPOHHOI
mepexi ANFIS 3a gonomororo gaussmf
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3reHepoBaHa CTPYKTypa HeMpOoHHOI mepexi ANFIS
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B1cHOBKM

TaxuM UMHOM, 3aBJlaHHA KBaTidikaIliiiHOl poOoTH
BUPIIIEHO. Mera po6oTH, 1110 IoJIATaa y HiABUINEHH]
e(EeKTHUBHOCTI OIIIHKU TEXHIYHOI'O CTaHY BUPOOHUYOTO
obJIalHAaHHS IIJISIXOM PO3pOOJIEHHS CUCTEMH
aBTOMAaTH30BaHOTO aHAJII3y IapaMeTpPiB MPoIlecy pi3aHHA 3
BUKOPHUCTAHHAM HEHPOHHUX MepPeX, JOCATHYTA.

OTpuMaHi pe3yJbTaTH MalOTh IPAKTUYHY IIIHHICTH Ta
MO2KYTh OyTH BUKOPHCTaHI K OCHOBA JIJIS I10J1aJILIIIOTO
PO3BUTKY IHTEJIEKTYaJIbHUX CUCTEM JIIalrHOCTUKHU Y
Cy4aCHOMY aBTOMAaTHM30BaHOMY BUPOOHMUIITBI.
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