ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

NEWS OF THE NATIONAL ACADEMY
OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN, SERIES OF
GEOLOGY AND TECHNICAL SCIENCES

Ne6
2025



ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

\\m%

)
S|
3
=
5]

e

,Q.‘&:\
CENTRAL ASIAN ACADEMIC

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN,
SERIES OF GEOLOGY AND TECHNICAL
SCIENCES

6 (474)

NOVEMBER - DECEMBER 2025

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, 2025



2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. Various methods of repairing parts are used at repair enterprises of
the oil and gas industry to ensure the restoration of full or partial operational life
of equipment damaged during operation. The problem of improving the efficiency
and maintenance period of equipment is an urgent task in the repair and restoration
of oilfield equipment. The purpose of the work is to analyze the factors affecting
chip shrinkage during turning, while maintaining constant parameters such as tool
sharpening angles, physical and mechanical properties of the material, cutting speed
and feed. Studies have been conducted using cutting modes, both in traditional
processing and ultrasound application. The studies conducted on the basis of this
technique make it possible to determine the effect of the use of ultrasonic waves in
turning on mechanical properties, shear forces and processing quality. As a result
of experimental studies, it has been established that the use of ultrasonic waves can
significantly increase the efficiency of turning operations. Studies have confirmed
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that ultrasonic vibration helps to reduce chip thickness, reduce shrinkage, improve
cutting conditions and improve the quality of the treated surface. Increasing the
frequency of ultrasonic waves makes it possible to achieve higher surface quality
and processing accuracy. When using ultrasonic vibrations, the chip removal rate
increases by 1.8-2.0 times compared to traditional turning. This helps to effectively
remove heat from the cutting area, reduce temperature loads and, as a result,
improve the quality of the treated surface.

Keywords: oil and gas equipment, turning processing, chips, thickness,
shrinkage, frequency, amplitude
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AnHoTammusa. MyHali-ra3  ©HEpPKOCIOIHIH  JKeHJey  KOCIMOpBIHIAphIHIA
naianaHbUIFaH Ke3/Ie 3aKbIMJIAHFaH JKAOJBIKTBIH KBI3MET €Ty MEP3iMiH TOJBIK
HeMece imriHapa KallblHA KeNTipy VIIiH OemeKkTepi KajimblHa KelTipymiH
Typai omicrepi KoimmaHbUiaAbl. JKaOABIKTBIH THIMIUICIH —apTTBIPY KOHE
OHBIH TEXHHKAJBIK KbI3MET KOPCETY KEe3eHIH y3apTy Maceneci MyHal KeH
OPBIHIAPBIHIAFEl KAOMBIKTAP/IBI KOHJACY KOHE KANMbIHA KETIpy callachlHIa
©3eKTi MiHIeT 00BN TaObuTabl. Byl ®KYMBICTBHIH MaKcaThl — KOHY YIepiciHe
JKOHKaHBIH TI6TyiHe ocep eTeTiH ¢akropnapasl Tamgay. O YIIiH KypaJabiH
Kalipay OYpBIIITaphl, MATEPHAJIBIH (PU3HKATIBIK-MEXaHUKAIBIK KAaCHETTepi, Kecy
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KBUIJAMIBIFBI MEH Oepiic ceKiii mapaMeTpiep TYPaKThl CaKTallbl. 3epTTeyiep
JOCTYPIIi OHJIEY PEKUMIEPIMEH KaTap, yIbTPaAbIObICTBIK TepOemicTep/i KoAIaHy
APKBUTBI 114 JKYPTi3iami. ¥ CHIHBIIFAH 9iCTEME HETi3iHIe JKYPTi3UIreH 3epTTeyiep
YABTPAABIOBICTEIK TOJKBIHIAP/BI JKOHY MPOIECIHAE KOJMIAHYIABIH MaTepHaIbIH
MEXaHUKaJIBIK KAaCHUETTEPIHE, BIFBICY KYIITEPIHE KOHE OHJICY CcarachblHa 9CepiH
aHBIKTayFa MYMKIHTIK Oepemi. OKCHEpUMEHTTIK 3epTTeylep HOTIKECIHIe
YABTPaABIOBICTHIK TOJIKBIHAP/IBI Al 1alIaHy KOHY OIepalysIapbIHBIH THIMIUTITIH
alTapNbIKTall  apTTBIPATBIHBI  JIQJCIIACHII.  3epTTEylep  YIBTPaIbIOBICTHIK
TepOemicTep/liH JKOHKA KallbIHIBIFBIH a3aiThIN, OHBIH IIOTYiH TOMEHJICTETiHIH,
Kecy KaFJJaiyiapbIH )KaKCapTaThIHBIH )KOHE OHJICITEH OST canachlH apTThIPAThIHBIH
KOPCETTI. YIBTPaabIObICTBIK TONKBIHAAPABIH XKHUUIIMH apTThIpy — O€T canachiH
KOHE OHJey JOIJITiH JKakcapTyFa MYMKIiHIIK Oepefi. YIbTpaablOBICTHIK
TepOemicTeplli  KOJNJaHFaHJa JKOHKAHbl IIbIFApy O KBUIIAMJBIFBI  JIOCTYPII
KOHYMeH canbicThipranna 1,8-2,0 ecere geifin apransl. by kecy aiMarbIHIAFbI
KBUTYZIBI THIMJII TIBIFApYyFa, TEMIIEPATyPaNbIK KYKTeMeIep/ai TOMEHIETYTe KoHe
HOTIIKECIHJIC OHJIeTeH OST calachlH )KaKcapTyFa bIKIA eTeIl.

Tyiiin ce3gep: MyHaii-ra3 >kaOABIKTapbl, >KOHYMIBUIBIK OHJCY, KOHKAJIap,
KaJIBIHJIBIK, TIOTY, )KULTIK, aMILTUTYAa
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AnHoTammusa. Ha peMOHTHBIX TpennpuATHSX HEPTIHOH W  Ta30BOH
MPOMBIIUICHHOCTH IIMPOKO MPUMEHSIIOT PAa3IMYHBIE CIIOCOOBI PEMOHTA JeTajei,
o0ecreunBaroIye BOCCTAHOBJICHHE ITOJTHOTO MITH YaCTUYHOTO IKCILTYaTallHOHHOTO
pecypca HeTIHOTO 000pYAOBaHUS HAPYLICHHBIX MpHU 3KcIutyaranud. [Ipobnema
MOBBIICHUA PaOOTOCMOCOOHOCTH M TOBBIIICHHE MEXKPEMOHTHOTO TIEpHOIa
SKCIUTyaTallil OOOpPYIOBAHWH SIBJISICTCS aKTyaJbHOM 3ajadeil NMpu pEeMOHTE U
BOCCTAHOBJICHUH HE(TENpPOMBICIOBOIO HECTaHAApPTHOro oOopynoBanus. Llems
paboTel aHanu3 (aKTOpOB, BIMAIOUIMX HA YCAAKy CTPYXKH NPH TOYECHUH, MPU
COXPaHEHHH MOCTOSHHBIMU TaKHX MapaMeTpPOB, KaK YIJIbl 3aTOYKH WHCTPYMEHTA,
(U3UKO-MEXaHMYECKUE CBOMCTBAa Marepuana, CKOPOCTb pe3aHus W Iojaya.
[IpoBoAMIMCH HCCNENOBAHUS C UCIIOIB30BAHUEM PEXKHUMOB pE3aHHsl — Kak Mpu
TPaIUIIMOHHOM 00paldoTKe, Tak M MPH HAJOKCHHWU YJIbTpa3Byka. MccnenoBanus,
MPOBOAMMBIC Ha OCHOBE JAaHHOW METOAMKH, IMO3BOJSIIOT ONPEACIUTH BIUSHHE
MPUMEHEHUS YIBTPa3BYKOBBIX BOJIH IPH TOKapHOH 0OpabOTKe Ha MEXaHHYECKHE
CBOMCTBa, CHJIBI CABUI'A M KaueCTBO 00pabOTKH. B pesynbrare 3kcriepuMeHTanbHBIX
WCCIIEIOBAaHUH yCTaHOBJIECHO, YTO MPUMEHEHHUE YIABTPAa3ByKOBBIX BOJH ITO3BOJISET
CYIIECTBEHHO MOBBICUTh 3(QPEKTUBHOCTh TOKAapHOH omepauuu. [IpoBeneHHbIC
WCCIICIOBaHUsl TOATBEPAMWIIM, YTO YIBTpPa3ByKOBas BHOpamus CHOCOOCTBYET
CHMYKCHUIO TOJILMHBI CTPYKKU, YMEHBIICHHIO KO3 GUIUEHTA yCATIKH, YITyYILICHHUIO
YCIIOBHH pe3aHMs M IOBBIIICHHIO KauecTBa 00padaThiBaeMOil MOBEPXHOCTH.
VYBenuueHne 4acToThl YIbTPAa3BYKOBBIX BOJH ITO3BOJISIET JOCTHYB 00JIee BBICOKOTO
KauecTBa TIOBEPXHOCTH U MOBBILICHHOH TOYHOCTH 00padoTku. [Ipu ncnonp3oBannn
YIBTPA3BYKOBBIX KOJEOAHWH CKOPOCTh yIAJEHUsI CTPYKKH Bo3pacrtaeT B 1,8-2,0
pasa 1o CpaBHEHMIO C TPaJIUIIMOHHOM TOKapHOW 00paboTKOH. DTO COCOOCTBYET
3¢ QEeKTUBHOMY OTBOILY TEIUIAa W3 30HBI PE3aHUsl, CHIDKCHHIO TEMIIepaTypHbIX
Harpy30K H, KaK CJIEACTBUE, MOBBIIICHUIO KauecTBa 00pab0TaHHO! TOBEPXHOCTH.

KaroueBbie cioBa: HedTerazoBoe 00OpyIOBaHHME, TOKapHas o0paboTKa,
CTpYXKa, TOJIIIMHA, yCcaJIKa, YacTOTa, aMIIUTYa

Introduction. The practice of operating oil and gas field and transportation
equipment shows that their service life is limited mainly by intensive abrasive
wear of the contacting surfaces. The problem of improving the operability of such
surfaces is an urgent task in the repair and restoration of non-standard oilfield
equipment.

The current trend in the development of scientific research in the field of
enhanced oil recovery is the scientific justification of innovative technology, the
achievement of the maximum possible increase in the maintenance period of oil
wells and the operation of oilfield equipment (Mikhailov et al., 2019; Zakenov et
al., 2022; Nurshakhanova et al., 20245; Drozdov et al., 2020).

An ultrasonic wave is a sound wave with a frequency exceeding 18 kHz.
Depending on the frequency and amplitude, such waves have different effects on
materials. They can be longitudinal, transverse, rotational or inclined, and their
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propagation is determined by the characteristics of ultrasonic wave generators
and transmitters. The use of ultrasonic waves in turning helps to improve surface
quality, optimize the vibration characteristics of the cutting tool and reduce wear.
Ultrasonic exposure affects the molecular structure of the material, creating
conditions for changing its physical properties. The impact on the tool causes elastic
vibrations along its length, which leads to micro-vibrations of the cutting edge.
These vibrations penetrate the structure of the material, providing more precise and
efficient destruction.

Ultrasonic technology allows to achieve a number of positive effects: reduction
of surface roughness, reduction of cutting tool wear, increase in processing speed
and accuracy, reduction of internal stresses, thermal effects and deformations.
Studies show that the use of ultrasound makes the turning process more stable and
manageable.

High-frequency ultrasonic waves create microscopic changes in the internal
structure of the material, which contributes to better processing. Compared with
traditional methods, ultrasonic technology provides higher accuracy, lower material
loss and faster production process (Morgunov et al., 2012; Duman et al., 2024).

The vibrations created by ultrasound in the tool body reduce the pressure on the
cutting edge, reduce heat generation and prevent distortion of the treated surface.
By adjusting the oscillation frequency and amplitude, optimal cutting conditions
can be ensured. Together, this creates a more homogeneous and stable processing
process. In addition, the effect of ultrasonic waves is realized in the form of
microscopic pulses, which increases the speed and accuracy of cutting (Martins et
al., 2023).

This technology is particularly in demand in industries where high precision
is required, such as microelectronics, the aviation and shipbuilding industries.
The results of ultrasound application confirm its ability to improve the quality,
productivity and accuracy of processing (Ghule et al., 2024; Zaytsev et al., 2014).
The use of ultrasound in the processing of metals, polymers and ceramics ensures the
prolongation of tool life, reduction of thermal effects and minimization of material
losses. With the constant development of ultrasound technology, new achievements
are becoming possible that meet the requirements of modern industry (Hasanov
et al.,, 2024). Recently, the effects of ultrasonic exposure on high-frequency
instruments and the internal structure of materials have been intensively studied.
Of particular interest is the potential of this technology in eliminating microcracks
and improving the properties of various materials, including metals and polymers
(Ghule et al., 2022).

Thus, the use of ultrasonic treatment in turning processes is justified by its
advantages - from improving quality to increasing the life of equipment. This
makes ultrasound technology a promising direction in modern material processing.

Materials and Methods. At the initial stage of processing, when the cutting tool
comes into contact with the processed metal, the greatest stress occurs in the chip
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formation zone - around the sliding plane, in the chip separation area, as well as at
the points of contact of the front and back surfaces of the cutter with the processed
material. As a result of the processes occurring in the contact area, the treated
surface is subjected to plastic deformation, which complicates the chip formation
process. In this case, the chips change their geometric parameters, starting from the
root, due to the action of shear and friction forces, causing its plastic deformation.
The actual chip sizes often differ significantly from the theoretical ones calculated
based on the accepted cutting modes.

Changes in chip size when using ultrasound can be caused by a number of
factors. The effect of ultrasonic waves on the material is accompanied by changes
in pressure and temperature, which leads to microscopic and macroscopic effects
such as the formation of microcracks or local deformation. Internal stresses caused
by ultrasonic vibrations disrupt the structure of the material, contributing to a
reduction in chip size. However, in some cases, the opposite situation is possible
- ultrasound can cause thickening of the material, changing the geometry of the
resulting chips. Thus, the degree of influence of ultrasound is determined by both
the properties of the material and the parameters of the ultrasonic effect.

In conventional turning, due to plastic deformation, the chip length decreases,
and its thickness and width increase compared to the path traveled by the cutter. This
phenomenon persists even with the use of ultrasound, however, the deformation
process and the nature of chip shrinkage have their own characteristics. If in
traditional turning the main influence is exerted by numerical values of deformation,
sliding coefficient and mechanical properties of the material, then with ultrasonic
action the picture changes. The influence of ultrasonic waves transforms the nature
of plastic deformation in the cutting area.

For comparative analysis, parallel studies were conducted using the same cutting
modes, both in traditional processing and in ultrasound application. Ultrasonic
exposure is used to intensify the cutting process, especially when working with
difficult-to-process materials. The main parameters determining the efficiency of
the process are the frequency and amplitude of ultrasonic waves.

As the frequency of the wave increases, the frequency of micro-vibrations
increases, which makes it easier to remove the material. High-frequency vibrations
contribute to improving the mechanical properties of the material, increasing its
elasticity. However, excessively high frequencies can have a negative effect on the
structure of some materials.

The amplitude of the waves determines the strength of the vibrations. Large
amplitudes enhance the material removal process, but their excessive value can
cause damage to the surface. Therefore, it is important to select the optimal
parameters for achieving the best cutting quality and efficiency.

The use of ultrasonic waves in turning contributes to the formation of new
physical and mechanical properties on the surface of the part. Under the influence of
vibrations, microstructural changes occur, increasing the hardness of the material.
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Sinusoidal pulses arising in the process ensure an even distribution of internal
stresses, and also contribute to a more uniform heat exchange, preventing thermal
deformations. Reducing the contact time of the tool with the material leads to an
increase in the service life of the cutting edge (Airao et al., 2022; Jiao et al., 2011).

Ultrasonic waves propagating in a solid cause elastic vibrations. When exposed
to a cutting tool, they cause its micro-deformations and length changes. The direction
of oscillation depends on the direction of wave propagation. If they propagate in a
certain plane, then the displacements occur in this plane, improving the quality of
processing. In comparison with traditional turning, the microstructure of the chips
becomes more homogeneous with the ultrasonic method, which increases the wear
resistance and manufacturability of the machined parts (Maslov et al., 2018).

The studies conducted on the basis of this technique make it possible to determine
the effect of the use of ultrasonic waves in turning on mechanical properties, shear
forces and processing quality. The use of ultrasonic turning in industrial production
is considered as a promising approach to increase service life, reduce energy
consumption and better processing of parts requiring high precision.

Analysis of the factors affecting chip shrinkage during turning, while maintaining
constant parameters such as tool sharpening angles, physical and mechanical
properties of the material, cutting speed and feed, allows us to identify the influence
of the frequency and amplitude of ultrasonic waves. This, in turn, contributes to a
deeper understanding of the physical nature of the process.

Results and discussion. The change in chip thickness depending on the amplitude
of ultrasonic vibrations and cutting speed is shown in Figure 1. Experimental data
were obtained during finishing turning of steel 45 with a TSK10 hard alloy cutter.

It was found that during traditional turning, the chip thickness varies from 0,14
mm (at V = 20 m/min) to 0,24 mm (at V = 70 m/min). At the same time, the chip
thickness increases with increasing cutting speed (Fig. 2, curve 5).

With the use of ultrasonic vibrations (frequency f= 20 kHz) and an increase in
amplitude, the chip thickness decreases compared to conventional processing. For
example, at an amplitude of 2A = 2 microns, the chip thickness is 0,1 mm at low
speeds and 0,21 mm at V = 70 m/min (curve 1). As the amplitude increases to 2A
= 14 microns, the chip thickness decreases to 0,07 mm (at V = 20 m/min) and 0,12
mm (at V =70 m/min) (curve 4).
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Figure 1. Dependence of the chip thickness on the amplitude of the ultrasonic wave and the
cutting speed (Material - steel 45, cutter -T5K 10, y = 20°, o= 10°) f=20 kHz; S = 0,19 mm/rev; t=
0,15mm; 1 -2A=1pm,2-2A=3 pm;3-2A=5um, 4-2A=7 um,

5-A=0;1,2,3,4 - curves obtained from theoretical calculations

As can be seen from the figure, the chip thickness in both cases increases
monotonously with increasing cutting speed. As the thickness increases, the shape
and type of chips change due to deformations in the cutting area. The chips can take
a flat, mixed or spiral shape.

One of the key factors influencing the chip deformation and crushing process
is the frequency of ultrasonic vibrations. Ultrasonic turning is used to improve the
accuracy and productivity of material processing. The frequency of ultrasound
has a significant effect on the plastic deformation process and the quality of the
resulting surface.

High-frequency oscillations (20 kHz and higher) are characterized by a smaller
amplitude, having a less intense but more precise effect. They cause micro-
deformations and microstructural changes on the surface of the material, improving
its quality. Low-frequency waves (1-5 kHz), on the contrary, are accompanied by a
larger amplitude, providing deeper and stronger deformations, but may impair the
cleanliness of the treated surface.

The frequency of ultrasound also affects the crystal structure and hardness of the
material. High-frequency vibrations have a more effective effect on solid materials,
causing micro-explosions on the surface, which contribute to local destruction and
decrease in hardness, facilitating subsequent processing.

Figure 2 shows the dependence of the chip thickness on the frequency of
the ultrasonic wave during processing of various materials. With an increase in
frequency from f= 15 kHz to f =30 kHz, an increase in chip thickness is observed.
For example, at f = 20 kHz, the chip thickness for steel 45 is a = 0,134 mm, for
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steel X12M - 0,137 mm, and for copper - 0,168 mm. At f = 25 kHz, these values
increase to 0,152 mm, 0,16 mm, and 0,184 mm, respectively. This is due to the high
ductility of copper.
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Figure 2. Dependence of the chip thickness on the frequency of the ultrasonic wave during
processing of various materials. V =40 m/min; t= 0,15 mm; S = 0,19 mm/rpm; A =3 um; 1 - 45
steel; 2 - X12M; 3 - copper

One of the important parameters of the cutting process is the chip shrinkage
coefficient. It is defined as the ratio of the initial volume of the material to the
volume of the resulting chips and depends on the nature of the deformation in the
shear zone and the cutting conditions. During ultrasonic processing, the shrinkage
coefficient decreases, as vibrations help to reduce friction between the chips and the
front surface of the cutter, and also contribute to the rapid removal of chips from
the cutting area.

The chip shrinkage coefficient can be determined by the well-known formula
(Granovsky, 1985):

G-103

“=loab M

where: G - is the mass of the chips, mgr; p - is the density, g/mm’; L_- is the

length of the chips taken, mm
On the other hand, it is known that,

a-b=St 2)
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then
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where: S - is the transmission, mm/ turnover; t - is the cutting depth, mm.
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Figure 3. Chip shrinkage coefficient for various processing methods. Cutting material - TSK10;
cutting modes —t = 0,15 mm; S = 0,14 mm/turnover; 0=10° y=20°; in conventional turning, 1 - 45
steel; 2 - X12M; 3 - copper. When turning with ultrasound at f =20 kHz, 2A =3 pum; 1 - 45 steel,
2 - X12M, 3 - copper

As a result of the experiments, the shrinkage coefficient was applied depending
on the cutting speed during turning of copper, 45 steel and X12M material using
conventional turning and ultrasonic methods, and the results are shown in Figure 3.

As can be seen from the figure, the chip shrinkage coefficient in all materials
with conventional chips is significantly higher than with chips using ultrasonic
waves. It is characterized by the fact that when ultrasonic waves are applied, the
chips formed during turning are intact and are little susceptible to deformation.
Ultrasonic waves in the cutting area remove the chips from the front face of the
cutter as a result of vibrations and limit its meeting with the front face.

Experimental results have shown that with traditional turning, the shrinkage
coefficient ranges from 2,5-7,5, while with ultrasonic processing it ranges from
1,3-2,0. This is due to a decrease in plastic deformation and temperature in the
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cutting area when using ultrasound. In addition, the speed of chip removal during
ultrasonic turning increases by 1,8-2 times, which helps to remove heat and
stabilize the process.

Thus, the results of the conducted research have confirmed that ultrasonic
vibration helps to reduce the chip thickness, reduce the shrinkage coefficient,
improve cutting conditions and improve the quality of the treated surface. This
makes ultrasonic turning an effective method for finishing difficult-to-process
materials.

Conclusion. Based on the conducted experimental studies, the following
conclusions can be drawn:

1. Ultrasonic vibration turning is an effective method for improving accuracy and
productivity in processing metals and other materials. The frequency of ultrasonic
waves has a significant effect on the processes of deformation of the material and
the quality of the resulting surface. Under the influence of ultrasound, microscopic
cracks and local deformations occur in the material, which reduce its hardness and
facilitate the cutting process.

2. It has been found that increasing the frequency of ultrasonic waves makes it
possible to achieve higher surface quality and increased processing accuracy. On the
contrary, the use of waves with a lower frequency contributes to the intensification
of the process due to more pronounced deformations. Changing the frequency
affects the deformation conditions in the cutting area, since the vibrations of the
cutting edge become variable, and the thickness of the chips being removed is
uneven.

3. Ultrasonic turning is accompanied by the action of high-frequency sound
waves, which have a significant effect on the chip formation process and the
formation of the treated surface. The nature and structure of the chips vary
depending on the frequency and amplitude of the ultrasonic vibrations. This is due
to the fact that waves with a high frequency form smaller but more intense pulses
that effectively affect the material, ensuring a smooth and precise surface.

4. The frequency and amplitude of ultrasonic vibrations are key parameters that
determine the efficiency of the process. Their optimal choice, taking into account
the properties of the processed material, the requirements for accuracy and the
purpose of the part, ensures an increase in the quality and productivity of turning.

5. It has been found that when using ultrasonic vibrations, the chip removal
rate increases by 1.8-2.0 times compared with traditional turning. This helps to
effectively remove heat from the cutting area, reduce temperature loads and, as a
result, improve the quality of the treated surface.

6. Reducing the temperature in the cutting area and reducing deformation
processes in comparison with conventional turning also help to reduce the likelihood
of shrinkage defects in the chips.
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