Ne2 (51), 2025 «Yessenov Science Journal»

UDC 621.785.5
MRNTI 55.22.31
DOI 10. 56525/'YQGW9045

IMPROVING THE OPERATIONAL PROPERTIES OF A CUTTING TOOL BY
STATIC HARDENING METHODS

0.G. Kikvidze
Akaki Tsereteli State University, Kutaisi, Georgia
e-mail.ru: kikvidze6@mail.ru

Annotation. The study is devoted to the investigation and analysis of static deformation
methods of surface strengthening applied to cutting tools. Special attention is paid to burnishing and
diamond burnishing, which are widely used in industry to improve the performance of cutting
instruments. The work describes the mechanics of surface plastic deformation, the role of deforming
elements, and the formation of microstructural and mechanical properties of the strengthened surface
layer. The obtained results demonstrate that static deformation methods significantly reduce surface
roughness, increase microhardness, and create favorable residual compressive stresses. In particular,
diamond burnishing ensures a reduction of roughness by 2—6 times, an increase of surface hardness
by 40-50%, and an improvement of load-carrying capacity up to 10 times compared with the
untreated surface. The depth of the strengthened layer may vary from 0.2 to 25 mm depending on
processing regimes and material properties. Graphical analysis confirms that diamond burnishing
provides the greatest effect among static methods due to its ability to form a deep and smooth
transition zone of hardened material. As a result, the operational life, wear resistance, and reliability
of cutting tools are significantly enhanced. The study highlights the importance of static deformation
strengthening methods in modern tool manufacturing and their potential application for improving
the performance of tools made from hardened steels and coated materials.

Keywords: deformation hardening, static methods, diamond burnishing, roller burnishing,
cutting tool.

Introduction

Modern mechanical engineering places increasingly high demands on the performance
characteristics of cutting tools. Reliability, wear resistance, and durability are largely determined by
the condition of the surface layer, since it is the one that primarily experiences contact loads, friction,
and thermal effects during operation. One of the effective ways to increase tool life is surface
strengthening based on plastic deformation.

Deformation strengthening methods make it possible to form favorable residual compressive
stresses in the surface layer, reduce roughness, and increase the microhardness of the material. Unlike
thermal and chemical-thermal methods, static techniques do not require complex equipment, are
highly technological, and can be applied on standard machine tools [1].

The most common static methods include roller burnishing and diamond burnishing. These
processes provide smoothing of surface micro-irregularities, increase the load-bearing capacity, and
form a hardened layer of a given depth. Particularly important is the fact that diamond burnishing is
effective even when processing hardened steels and coated tools, which expands its application in
tool manufacturing [2,3].

The relevance of the study lies in the need to search for and implement accessible and effective
strengthening technologies that improve the quality and performance of cutting tools. The
consideration of static deformation strengthening methods makes it possible to assess their
advantages, determine the optimal processing conditions, and highlight prospects for their further
application in mechanical engineering.

Materials and methods

Surface strengthening methods based on deformation are applied to improve the durability of
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metal-cutting tools and a wide range of machine parts, with many examples demonstrating their
effectiveness for cutting tools in particular. Each strengthening method based on deformation of the
cutting tool is characterized by its own deformation mechanics, specific features of forming the
geometric and physico-mechanical properties of the surface layer, as well as the conditions under
which the strengthening process takes place [4].

The mechanics of surface plastic deformation are determined by the type of action exerted by
the deforming element on the cutting tool. Depending on this, deformation strengthening methods are
divided into static and dynamic. Static methods (such as roller burnishing, smoothing, etc.) are
characterized by a constant deformation force over time and continuous contact between the
deforming element and the cutting tool. Dynamic methods (shot peening, vibrational, ultrasonic
treatment, peening, etc.) are characterized by impulse action of the deforming elements on the surface
of the cutting tool under conditions of intermittent contact. Recently, methods combining both static
and dynamic loads have also become widespread.

To implement these methods, “hard” deforming elements are used—balls, rollers, granular
materials (metallic or glass shot, abrasives, etc.). In addition, in some cases, the deforming element
may be a medium, such as a magnetic field [5].

Under the pressure of the deforming element on the surface layer of the tool, residual plastic
deformation occurs in its outer layers, and due to the accumulation of dislocations, so-called strain
hardening of the surface takes place. As a result, surface microhardness increases, roughness
decreases, and favorable stresses (residual compressive stresses) are generated. This last effect is
especially important, since after grinding, tensile residual stresses are usually present in the surface
layer of the tool, which significantly increase the likelihood of brittle fracture of the surface layer
during operation.

Research results

The application of static methods (roller burnishing, internal burnishing, and smoothing)
provides sufficiently high values of microhardness and residual compressive stresses at a relatively
small depth of the hardened layer. Dynamic methods (shot peening, hydro-shot peening, and peening)
also provide high values of microhardness and residual compressive stresses, but in this case the
hardened layer has a significantly greater depth. In addition, dynamic methods ensure a smoother
transition from the hardened to the non-hardened surface. At the same time, with certain dynamic
methods, a considerable deterioration of the initial surface roughness of the tool may occur.

The varieties of static surface deformation methods include roller burnishing (processing of
external surfaces), internal burnishing (processing of internal surfaces), knurling (surface texturing),
and diamond burnishing. In industrial practice, roller burnishing and diamond burnishing are mainly
used for cutting tools. In these methods, a special deforming element is applied, which interacts with
the processed surface of the cutting tool through rolling, sliding, or indentation schemes [6].

hardened layer

deformation focus

cutting tool

Figure 1 - Schematic diagram of rolling cutting tool roller
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Roller burnishing is carried out using a special tool, the working elements of which are balls
or rollers made of hardened steels or hard alloys. The presence of various rotational and translational
movements makes it possible to process different types of surfaces (flat, cylindrical, or shaped).

Smoothing is performed with a tool whose working element is a diamond, hard-alloy, or
ceramic indenter (tip) that slides over the processed surface. This method can be applied to all types
of surfaces—from flat to shaped ones.

Figure 1 shows the basic scheme of the roller burnishing process of a cutting tool. The essence
of the method lies in the fact that the roller is pressed against the surface of the cutting tool with a
fixed force P, and moves relative to it while simultaneously rotating around its own axis. In some
cases, other processing schemes may be used, in which the workpiece performs rotational or
translational motion. In the zone of local contact between the roller and the processed surface of the
tool, a plastic deformation zone is formed, which moves together with the deforming element. As a
result, the surface layer of the cutting tool is successively deformed to a depth h, equal to the depth
of propagation of the deformation zone [7].

Figure 2 shows a typical design of a tool used for plastic deformation of external cylindrical
surfaces by the roller burnishing method.
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Figure 2 — Design of the tool for plastic deformation by ball burnishing
1 - plug, 2 - bolt, 3 - spring, 4 - housing, 5 - thrust bearing, 6 - pin,
7 - stopper, 8 - ball, 9 - bearing, 10 - axle, 11 - peg, 12 — shank

The shank of the tool is fixed in the tool holder or in a special fixture of the machine. Burnishing
of the processed surface is carried out by a ball that rests against the outer race of a bearing mounted
on an axis and is held in place by a cap with a retainer. Under the action of the burnishing force, the
ball is displaced and moves the quill in the housing bore, which compresses the spring. The spring,
on one side, presses against the thrust washer and, on the other, against the plug, which is used to
adjust the spring compression force. The quill is prevented from rotating in the housing by a bolt.

Diamond burnishing of cutting tools is essentially similar to roller burnishing and consists in
the plastic deformation of the surface layers of the tool by a diamond crystal, the working part of
which may have different shapes. The diamond tool, pressed with a certain force, slides over the
surface of the processed workpiece (cutting tool), smoothing out micro-irregularities and
strengthening it.

Figure 2 shows the scheme of surface layer deformation during burnishing. The tool, pressed
against the processed surface with a force Py, penetrates to a certain depth and, during its movement,
smooths the initial irregularities. After the tool passes, partial elastic recovery of the surface occurs,
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corresponding to the amount of hardening. The contact between the tool and the processed surface in
cross-section occurs along the arc abc.

For burnishing, tips made of natural and synthetic diamonds with different cutting shapes are
used. A spherical tip allows the processing of external, internal, and flat surfaces. A cylindrical shape
is applied only for external cylindrical surfaces. The toroidal shape has not found wide application
due to the complexity of manufacturing large diamonds. In addition, a conical burnisher can be used,
which works with the large surface of the cone [8.9].

The exceptionally high hardness of diamond (six times higher than that of hard alloys) and its
low coefficient of friction (0.03—0.12) make it possible to process almost all metals that are capable
of plastic deformation, including hardened steels [3]. The small radius of the burnisher tip (0.5-4
mm) determines a relatively small burnishing force (from 50 to 300 N), which makes it possible to
process low-rigidity parts. Diamond burnishing is applied after turning or grinding.

As aresult of burnishing, surface roughness is reduced by a factor of 2—6, load-bearing capacity
of the surface increases up to 10 times, and surface layer strengthening ranges from 20% to 200%.

In the case of diamond burnishing of tool steel with a TiN coating, residual stresses are formed
in the surface layer [10].

The scheme of surface layer deformation during diamond burnishing is shown in Figure 3.
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Figure 3 - Surface deformation diagram during ironing

As is known, the sign and magnitude of residual stresses have a significant effect on the
performance of the articles. This also applies to depending on the physical and mechanical properties
of the processed material and the processing modes, the depth of the strengthened layer during surface
plastic deformation by smoothing with diamond tools. can vary within a wide range - from 0.2 to 25
mm, and the hardness of the surface layer can be increased by 40-50% compared to the initial one.

Discussion

The results of the study confirm the high efficiency of static methods of deformation hardening
when processing a cutting tool. Analysis of experimental data and graphs showed that diamond
ironing and rolling provide a significant improvement in the quality of the surface layer due to the
complex effect on the microstructure of the material.

First of all, a significant decrease in surface roughness is observed: after diamond ironing, the
Ra parameter decreases by 2-6 times compared to the initial state. This is particularly important since
a smooth surface reduces the coefficient of friction, increases wear resistance and reduces the
likelihood of crack initiation.
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The second important result is an increase in the hardness of the surface layer by 40-50%
relative to the initial level. At the same time, the nature of the distribution of hardness along the depth
of the layer demonstrates its gradual decrease, which ensures a smooth transition to the base material
and excludes sharp changes in properties that could cause premature destruction.

A comparative analysis of the methods showed a difference in the depth of the strengthened
layer: when rolled, it is about 2 mm, with shot blasting - up to 10 mm, and with diamond ironing it
reaches 25 mm. This depth of hardening makes this method the most promising for machining cutting
tools operating under heavy wear conditions.

A significant increase in the bearing capacity of the surface deserves special attention. After
diamond ironing, this indicator increases up to 10 times, which indicates an increase in the ability of
the tool to withstand heavy loads without destruction. In addition, residual compressive stresses are
formed in the surface layer to compensate for adverse tensile stresses occurring after grinding. This
further enhances the brittle fracture resistance of the tool.

Thus, the discussion of the results demonstrates that static strain hardening techniques,
especially diamond ironing, have a high potential for improving the performance of the cutting tool.
These methods can successfully compete with thermal and dynamic methods, while providing ease
of implementation, economy and high efficiency.

Conclusion

1. The analysis showed that static methods of deformation hardening (rolling and diamond
ironing) effectively improve the quality of the surface layer of the cutting tool.

2. Diamond ironing provides the most significant reduction in surface roughness (2-6 times),
which directly increases wear resistance and reduces the likelihood of cracks.

3. As a result of hardening treatment, the hardness of the surface layer increases by 40-50%,
while maintaining a smooth transition of properties from the hardened zone to the base material,
which excludes stress concentration.

4. The depth of the strengthened layer varies depending on the method: when rolled, it is about
2 mm, with dynamic methods - up to 10 mm, and with diamond ironing it can reach 25 mm.

5. The bearing capacity of the surface after diamond ironing increases up to 10 times, and the
formation of residual compression stresses further increases the resistance of the tool to brittle fracture
and wear.

6. Static methods of strain hardening can be successfully used to improve the performance of a
cutting tool, including those made of hardened steels and coated with hard nitride layers (for example,
TiN).

Thus, static methods, especially diamond ironing, are a promising direction in the processing
of a cutting tool, providing a comprehensive increase in its reliability and durability.
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KECKIII K¥PAJI/IbIH HMAHJAJAHY KACUETTEPIH CTATHKAJIBIK
KATAUTY 9AICTEPIMEH APTTBIPY
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Anpatna. byn JkyMmbIcTa KecKill KypanJapJblH O€TiH CTaTHKaJIBbIK JAe(opMarisuIbIK
YIOPOYHEHHE OMIICTEPIMEH OHJIEY €pEeKIIENIKTepl KapacThIpbUIFaH, OFaH OOKaTTay JKOHE ajMacleH
Tericrtey jkaTaJpl. ATanfaH OMICTEpJiH HeTi3iHJe AedopManusuiaylbl 3JEMEHTTIH IUIaCTHKAIIBIK
acepl KaTblp, 0J1 O€TKI KaOaTThIH THIFBI3IATybIHA, KAJIABIK KbICY KEPHEYJEpIHIH TY3UIylHE >KOHE
MHUKPOOEPIKTIKTIH apTyblHa ajblll Kesedi. JKypriiuireH Tajjay CTaTUKalbIK OMICTEpAl KOJJaHy
KYpaJIapJblH TaiifjajlaHy CHUIaTTaMajapblH €Ioyip jKaKcapTaThIHBIH KepceTTi: OerTeri Kemip-
OyAbIpIBIK 2—6 ecere ToMeHAeN 1, KaTThUIbIFbl 40—50%-Fa apTajbl )KoHE KYK KOTEprillTiK KaliieTi
10 ecere neifin eceni. YIpouHEHHBIM KaOATTHIH TEPEHIT TaHAAIFAH 9IICKE XKOHE OHJCY PEKUMIHE
6aiinanbicTel 0,2-71€H 25 MM-Te JIeiliH e3repyl MyMKiH. ['padukTep opTypiai onepauusiiapiad KeHiHri
KeJlIp-OyIbIPIBIKTBIH TOMEHJIEY1H, OeTKi KabaTTarbl KaTTBUIBIKTBIH apTYbIH, SPTYpPJIl IICTEpJeri
YIPOYHEHHE TEPEHJITTHIH CaJIbICTBIpMalibl KOPCETKIIITEPiH JKOHE ajMacIieH TETiCTeyAeH KeHiHTi
YK KOTEPTIIITIKTIH aliTapibIKTall ©CyiH aHbIK KepceTei. MaHbI3/Ibl HOTHKE PETiH/IE, LUTH(PTEYIeH
KeliH maijia 60NaThIH CO3bUTY KEpHEYJIEPiHIH Tepic 9CepiH OTEHTIH kKoHE KYpalJblH MOPT ChIHYFa
TYPaKTBUIBIFBIH aPTTHIPATHIH KOJIAWIIBI KAJJIBIK KbICY KEPHEYJIEPIHIH TY31Tyl KOpCETIIreH. AJMaciex
TEricTey, aJMa3[blH >KOFapbl KaTTBUIBIFBI MEH YHKedic K03()(UIMEHTIHIH TeMeH OoJybIHa
OailTaHpICThI, OETTIH canmackl MEH YIIPOYHEHNE TEPEH I OOMBIHIIA €H KOFaphl KOPCETKIIITEpre KO
xeTkizeni. CoHAbIKTaH OyJI o/1ic MIBIHBIKKAH OoJIaTTap MEH KanTamasapsl 6ap Kypaigapisl eHAeye
aca TUIM/JI1 0oJIbIn TaObLIa k!, XKanmsl anFanaa, CTaTUKaIbIK JehOopMallusyIbIK YIPOUYHEHHE JIiCTepl
KECKIII KypangapblH OepiKTiriH, TO3yFa TO3IMIUIITH jKOHE CEHIMIUIITIH apTThIPYIbIH OoJalarsl
30p OaFbITHI OOJIBITT TAOBLIA/IBI.

Tyiiin ce3nep: neGopMaLUsIBbIK HBIFAITY, CTATUKAIBIK 9/1iCTEP, aIMACIIEH TETiCTey, O0KaTTay,
KECKII KypaJl.
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MOBBIIEHUE SKCILTYATAIIMOHHBIX CBOMCTB PEXYIIETO MTHCTPYMEHTA
CTATUYECKUMU METOJAMMU YIITPOYHEHUA
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I'ocynapcrBennsiii yHuBepcutet uM. Akakus Lleperenu, I'py3us, Kyraucu.
e-mail: kikvidze6@mail.ru

AHHoTanus. B pabote paccMoTpeHbl 0COOEHHOCTH CTATUYECKUX METOJI0B 1€(hOPMAI[IOHHOTIO
YIPOYHEHUS TOBEPXHOCTEH PEXYIIEr0o WHCTPYMEHTAa, BKJIIOYash OOKaThIBAHUE M alMa3HOe
BbIMTakuBaHue. [loka3aHO, YTO JaHHBIE METOJbl OCHOBaHbl HA IUIACTMYECKOM BO3JEHCTBUU
1e(GOpMHUPYIOLIETO AJIEMEHTa, KOTOPOE BHI3BIBACT YIUIOTHEHHE IIOBEPXHOCTHBIX CIIOEB, 00pa3oBaHHe
OCTaTOYHBIX HANpsDKEHUH cCKaThsg U TOBBIIEHHE MHUKPOTBEpAOCTU. IlpoBenéHHbIl aHanu3
MIOATBEPIK/IAET, YTO NPUMEHEHUE CTATUYECKMX METOAOB IIO3BOJIAET CYIIECTBEHHO YIIyYIIHTh
HKCIUTyaTallMOHHBIE XapAKTEPUCTUKU UHCTPYMEHTA: YMEHBIINUTh LIEPOXOBATOCTh OBEPXHOCTHU B 2—
6 pa3, noBbicuTh TBEPAOCTh HA 40—-50% 1 yBennuuTh Hecyllyto crnocoOHocts a0 10 pas. [Ipu aTom
riryOuHa ynpouHEHHOro cios Bapbupyercs oT 0,2 10 25 MM B 3aBUCUMOCTH OT BBIOPAaHHOI'O METO/1a
u pexuma obOpaborku. Ha rpadukax HariasiHO TOKAa3aHO CHIIKEHHE MIEPOXOBATOCTH TIOCIHE
pasNUYHBIX oOlepauui, pocT TBEPIOCTH B IOBEPXHOCTHOM CJIO€, CpaBHMUTENbHAas TIIyOHHA
YOPOYHEHUsI IIPU Pa3HbIX METOJaX M 3HAYUTENIBHOE YBEJIMYEHUE HECYIIeH CIIOCOOHOCTH IOCIe
aJIMa3HOrO BBIMVIAXKHMBaHUA. BaxHbIM pe3yibTaToM sBiseTcss (OpMUpPOBaHHE OJIaronpHUsITHBIX
OCTAaTOYHBIX  HANpPSDKEHUM  CKaTus, KOMIEHCUPYIOIIMX  OTPHUIATEIbHOE  BO3JIEHCTBUE
pacTArMBalOIMX HAIPSDKEHUHM 1mociie NUIMGOBAaHUSA W MOBBIAIOIIMX CTOMKOCTh MHCTPYMEHTA K
XpyIKOMY pa3pylLIieHHIo. AJIMa3HOE BBIMIAKMBaHUE, Ojarojaps BBICOKOW TBEPAOCTH ajlMasa U
HU3KOMY K03(duuueHty TpeHus, obecrednBaeT Haubojiee BBICOKME II0Ka3aTeNd KadyecTBa
MOBEPXHOCTU U TIYOMHBI YIPOUYHEHHUS, YTO JENaeT ero ocoOeHHO 3((HEKTUBHBIM METOIOM MpHU
00paboTKe 3aKaJ€HHBIX CTajled M MHCTPYMEHTOB C MOKPHITHAMHU. TakuM o0Opa3oMm, cTaTHYECKHUE
MeTOJIbl 1e()OPMALMOHHOTO YIPOUYHEHUS SBJISIOTCS NEPCIEKTUBHBIM HalpaBJIE€HUEM IOBBIILICHUS
JOJITOBEYHOCTH, U3HOCOCTOMKOCTH M HAIEKHOCTU PEXKYILEr0o MHCTPYMEHTA B YCIOBUSAX pEalbHON
JKCILTyaTaluy.

KiaroueBble ciaoBa: 1edopMallMOHHOE YIPOYHEHUE, CTATHYECKUE METOAbI, alMa3Hoe
BBITJIA)KMBaHKE, 0OKaTbIBAaHUE, PEXKYLINI HHCTPYMEHT.
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