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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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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THE RESEARCH OF THE STEEL CUTTING BLADE RELIABILITY
FOR THERMO-FRICTIONAL PROCESSING

Abstract. The scientific and theoretical research of the steel cutting blade working for thermo-frictional cutting.
An option of rod approximation when a solid of a circular blade is considered as a hingeless circular arch on given to
the middle of the surface of blade flat from multiplicity approaches to the modeling of calculation scheme of working
rotating blade is offered. A classical work method was applied to study stress-strain state; taking into account an arch
symmetry a number of unknown forces equal 3. To exclude incidental coefficient, feature of an elastic center for
weightless infinitely rigid console was used. To clarify results of calculation of reliability of the cutting blade was
used by software package Lira. The contour plots of stresses and displacements were presented. Comparison of the
calculations results of the saw blade based on two computational models: rod and bar changes indicate similarity
laws of stress, but there is a definite difference in the values of stress, which is explained by the difference appro-
ximating expressions.

Key words: thermo-frictional cutting, a cutting blade, a hingeless circular arch, contour plots of stress, bending
moments, cross forces, longitudinal forces.

Introduction. The process of thermo-frictional cutting metal blank of rapidly rotating steel disc
found widespread at the metallurgical enterprises in the Commonwealth of Independent States (CIS) and
abroad. The main advantage of this method is the technological simplicity, low cost and high performance
cutting.

One of the advantages of thermo-frictional cutting is making discs from conventional structural steels
(steel 50, 50G, 65G, etc.) than the saving of scarce tool steels and alloys. Disks geometrically
distinguished: with smooth cylindrical outer surfaces, a knurled or serrated, toothed [1]. The latter have
increased productivity, as a friction metalworking chip formation is added to the process, as well as
delivered to the cutting zone additional oxygen [2]. But such drives require constant re-sharpening the
teeth. In order to reduce the side friction disc on the metal blank to be cut from the end of the disc ends
undercut at 0.5 + 1 mm. Usually discs are cooled with the air, but in the case of cutting an extended
cooling water is recommended. Friction discs cut metal blank of steel and cast iron of different profiles
and hardness. The special effect is achieved when cutting hard materials: hardened alloyed, corrosion-
resistant and high-temperature alloys [3]. Applications thermo-frictional cutting is cold and hot cutting
rolled section steel of small, medium and large sizes. In [4] the process of thermo-frictional cutting of
metal blank is characterized as a high-performance method for the separation of hot and cold metal blanks
of various materials, with major disadvantage inherent in this process - the formation of large burrs at the
ends of metal blank to be cut. The entire surface of metal blank friction and a small part of the
continuously updated disc friction surface are constantly involved while friction cutting. Figure 1 shows a
diagram of the thermo-frictional cutting of the metal blank.
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Figure 1 —
The scheme
of thermo-frictional cutting
of the blank:
1 - a cutting disc;
2 - a blank;
3 - fusil metal globules

Figure 1 shows a diagram of thermo-frictional cutting of metal blank, where cutting disc rotates with
velocity v, it has a vertical feed S. Upon contact with the pipe, the rotary disc heats the contact layer of the
metal blank. As a result, the heat released by friction is accumulated mainly in a small volume of metal
blank, while continuously cooled disk is heated slightly [5,6]. Heating metal blank in the cutting zone
occurs so rapidly that a few hundreds of a second contact plate temperature approaches the melting
temperature of metal, the blank surface layer softens, microroughnesses of rotating disk is embedded in
the surface of the metal blank and conduct microcutting [7]. The largest globules of fusil metal by
centrifugal force and break away from the disc are ejected from the cutting zone in the form of sparks
beam (see figure 1). Small globules are welded to the disc, forming microroughness like the abrasive
grains. In the process of cutting the microprojections are worn because of the metal blank and by the time
of exit from the cutting zone are cooled down in the air and crumbled from the disc. But with each new
revolution of the disk on its friction, surface forms a fresh layer of micro-roughness. Thus, cutting process
is connected with the process microcutting, so exceptionally high performance is achieved during the
thermo-frictional cutting [8,9]. Thus, the main disadvantages of the thermo-frictional processing are the
noise generated by the disc during operation, the formation of large burrs at the ends, the complexity of
cutting a thin-walled products [10,11,12].

The authors patented the resource saving methods of thermal frictional manufacture into small
velocity [13,14,15], constructions of cutting blades [16,17] and systems [18]. Comparison with traditional
methods of manufacture shows that using this method reduces costs of equipment by 3-5 times by the
feasibility selling at simplified machines (ny,<4000 rpm) and increases tool durability in 10-30 times
[19,20,21,22,23]. However, there is the problem of providing a cutting surface perpendicularity, which is
directly dependent on the stiffness and dimensional stability of the cutting disc. In this regard, work to
study the reliability of steel cutting discs is relevant.

The research methods. A cutting blade is modeled as a hingeless arch to study its reliability, it is
possible to perform calculations, using a rod model in the form of a hingeless circular arch, for half a
cutting blade.

The photographs of steel cutting blades made of the different materials are shown (figure 2).

a b c d e

Figure 2 — The photographs of the cutting blades:
(a) a cutting blade of steel 65D; (b) a cutting blade of steel 50; (c) a cutting blade of steel 45;
(d) a cutting blade of steel Hardox (e) a cutting blade of steel 20
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Calculating theory of hingeless archs. A cutting blade can be considered as a rod system in the
form of a hingeless circular arch with a rectangular cross section. A hingeless arch is curve-linear rod with
two tough ends. Figure 3 shows geometric arch scheme. In this arch number of unknowns equal to six
(there are 6 reactions in its supports: 2 vertical, 2 horizontal and 2 moments, equations for arch balance
can be made up only 3), therefore this system is thrice statically indeterminable (n=3).

v

v
Tv
|

Pl
P\BX
47z 3 452

Figure 3 — The geometrical scheme of an arch

AN

:h-...{'.

Main unknowns (figure 4a) - Z, inversely symmetrical force, - Z, Z; symmetrical forces.
The canonical equations of flexibility method

0,2, +06,2,+06,,Z, + A, = 0,
0yZ,+0,2,+ 06,2, +A,, =0, (1)
04 L, +0,2,+ 0,7, +4,,=0.

I-version
of the
main
Sstem

II - version

Figure 4 — The calculated scheme of the arch and options of the main systems

Multiplication symmetrical and inversely symmetrical of diagrams moments results in d;,= d,;= d;3=
= §;=0, inasmuch as O3, # O,3 = 0 instead of first option of main system (figure 4b) we choose second

option at the main system (figure 4c). To do this we attach weightless and tough 2 symmetrical consoles
with length «Y¢» sections making in cut lock. We attach new principal unknown forces X;, X, X3 (X;, Xz
forces X3 bending moments to the consoles ends («C» point).

Matching 2 options of main systems (figure 4 b, ¢) we get the ratio between 2 kinds of main
unknowns:

Z1=X], Z27Z2 Z37=X3-X2)0. )

The system of the canonical equations for symmetrical unknowns (X;) and (X3) will be the next (for
figure 4b).

X,0,, + X,0,, +A2p =0,
(3)

X, 8, + X,6, +A,, =0.

Where in it is necessary to choose length console (yo) such way that incidental displacement (d23)
in system (3) turn to zero naturally. Figure 5 shows the calculated scheme of an arch and the main
system.

Figure 6 shows the bending moments, cross and longitudinal forces.
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f=068

a) b)

Figure 5 — The calculated scheme of the arch and the main system:
(a) the calculated scheme; (b) the main system

e 0.078

[\ 0029

0.0018
0.008

\ 0.027

a)

Figure 6 —
The diagram of bending moments,
cross and longitudinal forces:
(a) the diagram of bending moments;
(b) the diagram of cross forces;
(c) the diagram of longitudinal forces

By the values inner forces, the stresses into arches can be calculated by the following equations:

o = | 1427 % @)

lx

where A = bh - cross sectional area; yr - the most distant point from neutral line; y; - point of application;

.2 . . .
1. -square radius of inertia.

0-S,
T= 5
Jb 5)

where J L= bh3 /12 - moment of inertia; S, =bh 2 /8 - static moment; b - thickness of a blade; 4 -

width (radius) of a blade.
We can do test of strength of a blade by the following theory of strength.

(6)

O \red :\/012(.,_3.72 <R-y,

where o =+0,, £ o, — full normal stress; R — calculated resistance; y .— coefficient of working

conditions.
The calculated results are presented in table 1.
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Table 1 — The calculating stress in the arch

Ne oK T Ored Ne Ok T Ored

1 -16,76 8,31 22,09 8 3,34 12,34 21,63
2 -13,6 8,55 20,11 9 -2,79 7,81 13,81
3 -9,33 9,34 18,68 10 -5,32 34 7,94
4 -3,72 10,66 18,83 11 -4,35 0,28 4,38
5 2,8 12,19 21,30 12 -1,81 2,8 5,18
6 11,09 13,55 25,96 13 2,14 3,72 6,79
7 11,35 13,21 25,54

Calculation of reliability of a cutting blade on lira software package Calculation was fulfilled on
Lira software package 9.6. The calculated scheme (figure 7) is taken in the form half an arch with 4 nodes
bars loaded by the linear loadings which considered a cutting process.

Figure 7 — The calculated scheme of the half-disc

Calculating results are showed below (figure 13). Data of stress component by appropriate sectors are
showed in a table 2.
Resulting stressed for half - disc are determined by the following equation:

Gred=\/0'3+0'22+3-2'32SR-7/c )

Table 2 — Calculation of stress (two-dimensional problem) in bars (by section A-A)
Ne Oy o, Tys Ored Ne Oy o, Ty Ored
1 -3.19 -3.7 -1.86 5.85 8 -0.27 -20.4 -11.1 28.03
2 -3.95 -3.26 2.13 6.31 9 3.57 -21.58 -1.14 21.96
3 -6.25 -2.28 2.14 7.62 10 0.86 -16.74 6.09 19.80
4 -9.96 -0.84 1.35 10.27 11 -4 -10.54 9.07 19.34
5 -14.9 0.78 -1.94 15.29 12 -9.07 -4.38 8.73 18.17
6 -17.4 -1.06 -9.44 23.90 13 13.32 -1 5.86 16.78
7 -11 -10.5 -15.5 30.85

Figure 8 shows the contour plots of stress and displacement by the axis.

The discussion of the received results. The received theoretical results after the researches testify to
the following issues:

Work modeling of cutting metal blade was fulfilled in two options (as a rod system — in the form a
hingeless circular arch and as a two-dimensional system — in the form thin circular isotropic bar with
holes) gives results (as stresses and displacements) are sufficiently close to each other which indicates the
reliability initial theoretical assumptions. The contour plots of stresses and displacements along the axis
(figure 8 a,b,c) resulting in software package Lira, adequately reflects the work of cutting blade. Thus, for
example, Ny, Ty, N, increasingly concentrated in the zone of maximum loading blade (closer to the
outer contour of the blade) with the blade concentrating stresses infeed zone a treated material body. The
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Figure 8 — Contour of the plots and displacement by the axis:
a) stress contour of plots (o) by the axis X; b) stress contour of plots (c,) by the axis Z;
¢) stress contour of plots (t,,); d) displacement contour of plots by the axis Z;
e) displacement contour of plots by the axis X; f) contour of plots of angle of rotation relative to the axis Y
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received results of calculation are in the form of two models (a rod and bar) showed that under given
conditions is provided strength a condition blade saw wherein received value of stress in two calculations
don’t diverge much (figure 9).

Thus, the given two options of modeling provide reliable protection work.

Conclusions. 1. The methods of a stressed state calculation of a cutting blade was developed for
thermal frictional cutting the bars in the cutting process, which is a rotating circular blade in diameter
240 mm, and constant thick t =4 mm.

2. Cutting blade process was modeled by 2 options; as a rod system (in the middle «half-blade» axis)
in the hingeless arch form (three times statically indeterminate system) as a two-dimensional system (a
circular half-blade) as a thin isotropic bar.

3. The calculations are made with using the following methods: the analytical forces, methods are for
hingeless arch (manual count), the numerical methods of finite elements for the bar in the form of «semi-
circle» (a machine calculation) based on software package Lira 9.6).

4. Comparison of the calculations results of the saw blade based on two computational models: rod
and bar changes indicate similarity laws of stress (figure 9), but there is a definite difference in the values
of stress, which is explained by the difference approximating expressions.
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TEPMO®PUKIHUAJIBIK OHAEYTI'E APHAJIFAH BOJIATTAH KACAJIFAH
JUCKUII KECKIIITIH CEHIMALIITTH 3EPTTEY

AHHOTanMsi. ABTOpJIap KECKIlI JUCKIJIep MEH KOHBIPFbUIAP/IbI a3 KbUIIAM/IBIKIICH TEPMO(PPHKIMSIIBIK OHICY-
IIH pecypc YHeMIey SIicTepiH MaTeHTTeql. OHAeyIiH NoCTYpIl 9icTepiMeH CaNIbICTBIPY KOpCETKeHAeH, maiinana-
HBUIATBIH OYJ1 9/1iC JKaOAbIKTayFa KETETiH LIBIFBIH/IBI KapalaibiM CTAHOKTapa KOJIJaHy MYMKIHZIT apKbUibl 3-5 ece
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azafitanel (nmm<4000 ain/MuH), acnantapasiH Oepikrtirid 10-30 ece apTTeipangsl. Anaiaa, KECKIll AUCKIHIH KATThI-
JBIFBI MEH (POPMACHIHBIH TYPaKTBHUIBIFBIHA TiKeleld OalIaHbICTHI OOJBIN KeJEeTiH KeCy OpHBIHBIH JKOFapFhl Kada-
THIHBIH TEePICHINKYILIPIBFEIH KaMTaMachl3 €Ty Mpo0i1eMachl OpbIH alybl MyMKiH. CoFaH OaiylaHBICTHI, OONaTTaH
KYUBUTFaH KECKIII IWCKUIEPIiH CEHIMIUITIH 3epTTeyre OarbITTaJFaH JKYMBICTap MaHBI3ABl OOJBIN TaOBLIAIBI.
bepinren xymbicTa TepMODPUKIMSIIBIK KeCcy YLIIH apHaJFaH 0ojaT KEeCKilll AUCKTBIH FBUIBIMHU-TEOPHSUIBIK 3€pT-
Teynepi xyprizinres. JKympIc icTenm TypraH aiHaIMaibl AUCKIHIH €CeNTiK CYI0achlH YATiIeyre KONTEeTreH TOCil-
JIep/ieH, IOHTeNeK IUCKIHIH KaTThl JEHEC] IUCK JKa3bIKThIFBIHBIH OpTa OETiHEe KeNTIPUIreH Iapchl3 aiiHaIMalbl apka
peTiH/ie KapacThIpbUIaThIH CTEP)KEHbB/II alllPOKCUMALIUs HYCKAchl YChIHbUIFaH. KepHeyi-nedopmanusiianran Kyl
3epTTey YLIIH KJIaCCHKaJbIK TOCLT KOJIJaHBUIFaH; apKaHbIH CHMMETPHSICHI €CKEPeiie OTBIPHII, OeNrici3 KYLITep CaHbl
YII fen anbHabl. KecKiln TUCKTHIH CEHIMAUIITIH 3epTTey HOTHIKENIEPiH HAKThUIAy YINH Lira KOMIUIEKCTIK Oarmap-
JlaMachIHzia ecenTeyiep Kyprizunml. KepHeynep MeH OpbIH aybICTHIPYJIApIbIH M30HOJISICH KenTipiireH. JIMcKThI
apaHbIH €Ki ecenTey MOJIyJl OOHBIHIIA ecenTey HOTIIKENepiH CalbICThIPY: CTEP)KEHb[ JKOHE IUIACTHUKAIIBIK Kep-
HEYJEepAiH 63repy 3aHIBUIBIKTAPbIHBIH YKCACTHIFBIH KOPCeTe i, TareHMeH KepHeyliep mamMackiHaa Oenrini 0ip e3re-
mesikTep 6ap, ol ammpoKCHMAaINXs OPHEKTEPIHIH OpTYPIIUIIITiIMEH TYCIHIIpie .

3epTTeynep KYprizy HOTHKECIHAE ajblHFAH TCOPHSUTBIK KOPBITBIHABUIAD KECKIMI AMCKiHIH JKYMBICEIH MOZICI-
JIeyai exi HycKazna OpeIHAay (CTEepKeH/l JKyHe peTiHae — MapHUPCi3 TOFalbl apKa TYpiHAe JKOHe KOC IIaMallbl Xyihe
peTiHae — caHBUIAYJIBI JKIHIIIKE JOFabl M30TPONTHI IJIACTHHA TYpPiHIE) Oip-OipiHe eTe yKcac HoTHxenep OepeTiHiH
KepceTeni (KepHEYJi >KOHE aybICTBIPMANbl TYpIE), all Oy TYNKUIIKTI TEOPMSUIBIK OODKaMAapIblH IYPBICTHIFBIH
adikpiHgan Oepemi. Lira 9.6 OarmapiaMaiblK KEIICHIHIE ajbIHFAH OChTEp OOMBIHINIA JXYPETIH KEepHEyJIep MeEH
aybICBIMAp M300piCi KEeCKIll JUCKIHIH JKYMBICHIH Oanamainbl Typae kKepcereai. Exi Monens TypiHzme (CTepikeHIi
JKOHE IITACTHHAIIBI) aJbIHFaH ecenTeyjiep HOTHXKeIepi KepceTKeHjaeH, OepiireH KYIUTIH jKarJalblHAa JWCKimeri
apaHbIH OCPIKTUIIT] JKaFJailblH KAMTaMachI3 eTe]li, COHBIMCH Oipre ajbIHFAH KePHEYIICPAiH MOHIIEPi €Ki ecenTeyae e
aca anmmak Oonmaiinel. XKyprisinireH 3eprreynep HoTwkeciHne auamerpi 240 MM, TypakThl KIBIHABIFB t=4 MM
JIOFaJIbl aifHaJIMAallbl AWCKi OOJNBIN KEeJNeTiH, Kecy IMpOIeciHAe TepMOPPHUKIIIBEIK TypAe Kecyre apHalIFaH KeCKiIl
TUCKIHIH KepHEYIi KYHiH eCeNTeN MBIFapy dAicTeMeci d3ipIIeH Ii.

Keckim amckiHiH aTKapaThIH XYMBICHI €Ki HYCKaJa: CTEpXKeHII Kyie peTiHme (opTagarsl och OOWMBIHIIA
(>kapThUIal MUCKi) — MAPHUPCI3 JUCKI TYpiHAe (YII PETTIK CTATUCTHUKAIBIK aHbIKTAIMAFaH Jy#e); KOC IIaMalibl XKYyhe
peTiaae (moraisl JKapThIIai AMCKi) — JKiHIIIKE W30TPOINTHI IUIACTHHA TYpiHAe Monenneneni. Ecenreymnep kenecinei
SQIiCTepMEH: KYIITEPHIiH aHAIWTUKAIBIK OHICTepIMEH — IMapHHUPCI3 apka YIIiH (KOJIMEH aTKapbUIaThIH €CemnTep);
TYIIKI 3JIEMEHTTEpP/l caHay 9JICTEepIMEH — «OKapThUIal J10Fa» TYpIiHIEri IUIacTUHANAp YINiH (MallHMHAIBI eCenTep —
Lira 9.6 O6arnapiamainbIk KellieH Heri3inae) sxypriziteni. Ochl CTEPKEH/II JKOHE IIACTUHAIIBI €Ki ecenTey MOJeIbaAepi
OOlbIHINA AMCKLI apaHbl €CETey HOTHIKEJIEPIH CaJbICThIPY KOPCETKEeHAEH, KepHEYIer 03repicTep 3aHIbLIbIKTaphl
yKcac OOJBIN IIBIKKAH, ajai/a, almpoOKCHMHUPIII OOJIBIN KeJETiH aiblpMallbUIBIKTapbIMEH TYCIHIIPUIETIH KepHey-
JIep/iiH maManapsl 0oibIHIIa Oenristi Oip albIpMaIIBUIBIKTapH! 1a O0Iabl.

Tyiiin ce3aep: TepMODPUKIMAIBIK KeCy, KECKIIl JUCK, MIapHUPCI3 alHaJIMaibl apka, KepHeyJiep M30II0JIsCi,
HUITIII MOMEHTTEp, OOMIIBIK KYII, KOJIJCHEH KYIII.
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NCCIEJOBAHUE HAJEXKHOCTHU CTAJIBHOI'O PEXYIIETI'O JUCKA
JIJISI TEPMO®PUKIIMOHHOI OBPABOTKHA

AHHOTANHs. ABTOpaMH 3allaTEHTOBAHBI PecypcocOeperarlye crnocoob TepMOQPUKIIMOHHON 00pabOTKH Ha
MaJIBIX CKOPOCTSIX, KOHCTPYKIIMH PEXKYIINX JUCKOB M YCTpOMCTB. CpaBHEHHMs C TPaIULMOHHBIME criocobamu oOpa-
OOTKH IMOKA3bIBAIOT, YTO MCIIOJIb30BAaHUE PACCMATPUBAEMOI0 CHIDKACT PAcXOo/Ibl Ha 000pya0oBaHKe B 3-5 pas 3a cueT
BO3MOXKHOCTH peajM3alliy Ha yNpolleHHbIX craHkax (nmmn<4000 o0/MUH), yBeJIMYMBAET CTOHKOCTh HHCTPYMEHTA B
10-30 pa3. OpHako cyuiecTByeT mnpobOiiema oOecriedeHHs MEpHeHIUKYISIPHOCTH TTOBEPXHOCTH PE3aHUsl, KOTOpas
HEMOCPECTBEHHO 3aBHCUT OT ()OPMOYCTOMYMBOCTH M IKECTKOCTH PEXYILEero nucka. B artoil cBs3u paboTa,
HalpaBJICHHAasA Ha HCCJICAOBAHHMC HAACKHOCTU CTAJIbHBIX PEXKYIINUX TUCKOB, SABJISACTCA aKTyaﬂbHOﬁ. Bremonneno
HAay4HO-TEOPETUUECKOE HCCIIE0BaHNEe PabOThl CTAIBHOTO PEXYIIEro AWCKa JUisi TepMOQPUKIHOHHOW pesku. U3
MHOXKECTBA TOAXOAOB K MOJICIUPOBAHHIO PACUYETHOW CXEMbl pabOTArOLIEro BPAIIAIOIIErocs JAWUCKAa IMPEAIokKeH
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BapUaHT CTEP)KHEBO aIlPOKCUMAIIH, KOT/Ia TBEPA0E TEJI0 KPYroBOrO JMCKA pacCMaTpUBAETCs Kak OecuiapHUpHas
KpyroBas apka, 110 IPUBEACHHOW K CPEIWHHON MOBEPXHOCTH IUIOCKOCTH MUCKa. [ mccieqoBaHUS HaNpsHKEHHO-
Je(OPMHUPOBAHHOT'O COCTOSHUS MPUMEHEH KIACCHYECKHH METOJ CHII; C yY€TOM CHMMETPHH apKH YHCIO HEH3BECT-
HBIX CHJI paBHO TpeM. J{Js uckimoueHns mobouHbIX K03()(PUITMEHTOB UCTIONBE30BaHO CBOMCTBO YIIPYTOro IEHTpa s
HEBECOMOW OECKOHEUHO XKECTKOH KOHCONH. [y yTOYHEHHs pe3ylbTaTOB HCCIEHOBAHMS HAIECKHOCTH PEXYILIEro
JIMCKa TIPOM3BE/ICH pacueT Ha MporpaMMHOM Komiuiekce Lira. [IpuBeaeHbl M30MOMsS HANPSHKSHUH U TIEPEeMEeeHHM.
CpaBHeHHE pe3yIbTaTOB PACcUYeTOB IUCKOBOHM MWJIBI IO JBYM PacUeTHBIM MOJEISAM — CTep)KHEeBasi U IUIACTHHYATAS —
MOKA3BIBAIOT CX0KECTh 3aKOHOMEPHOCTEH M3MEHEHHUS HANPSIKCHUH, OJHAKO CYNIECTBYET OMpPEICICHHOE Pa3Inune
M0 BEIUYMHAM HAINPSDKEHHUH, YTO OOBSCHSACTCS pa3iuydeM allpoOKCUMHPYIOUWX BbIpaxeHuil.[lomyueHasie B
pe3ynpTaTe MCCIEIOBAHUNA TEOPETHYECKHE PE3yIbTaThl CBUAETENBCTBYIOT O TOM, YTO MOJEIHPOBAaHHE PabOTHI
PEeXyIIero AWCKa BBIIIOJHEHHBI B ABYX BapHaHTax (Kak CTEpXKHEBas CHCTEMa — B BHUJE OCCIIapHUPHOW KPyTOBOH
apKH M KaK JByMEpHas CHCTEMa - B BHJIE TOHKOW KPYrOBOI M30TPOIHOI IJIACTUHBI C OTBEPCTUSAMH) HAAET PE3YJIb-
TaThl (B BUJAE HANPSHKCHUH M IEPEMENICHNH ), JOCTATOYHO ONM3KHE MEXTy COOOH, YTO CBHAETEIBCTBYET O JOCTO-
BEPHOCTH UCXOAHBIX TEOPETUYECKUX MPEANIONONKEHUN. V3010111 HANPSYKEHUN U NIEPEMEILEHUI IO OCSIM, MOJTy4eH-
HBIE Ha MPOrpaMMHOM KoMmIuiekce Lira, ajiekBaTHO oTpakaroT paboTy pexyiuero aucka. [lomaydeHHbIe pe3yabTaThl
pacueToB B BHJAE IBYX Mojeled (CTep)KHEBOW M IIACTHHYATON) IMOKA3ajH, YTO B YCIOBUAX 3a/JaHHBIX YCHIINH
o0ecrieuynBarOTCs YCIOBHS MPOYHOCTH IMICKOBOM IMWJIBI, IPH 3TOM MOJYYCHHBIC 3HAYCHUS HANpPsDKEHUI B 00enx
pacueTax CHJIBHO He pacxonsaTcs. B pe3ynbpTare BRITOTHEHHBIX HCCIEIOBaHNH OblIa pa3paboTaHa METOIMKA pacdyera
HATPSOHKCHHOTO COCTOSHHS PEXYIIEro TUCKa I TEPMO(QPUKIMOHHOW PEe3KH 3aroTOBOK B MpoOIecce pE3aHws,
MPECTABISAIONIEro co00M KPYyTIIbIi Bpamaromeil auck nuamerpom 240 MM, MOCTOSIHHON TomuHOM =4 MM. Pabora
pexymero aucka ObUla CMOAEIMpPOBAaHA JABYMs BapHaHTAMH: KakK CTEp)KHeBas cuctema (IO CpeAWHHOW OCH
«IONyANCKa») — B BHIE OecIIapHUPHOW apK (TPIUKOBI CTATUYECKH HEONpeAeirMas CHUCTeMa); KaK JByMepHas
cucreMa (KpyroBod IOJYOUCK) — B BHAE TOHKOW HM30TPOIHOM IIACTUHBL PacdeTsl MPOW3BEACHBI CIIETYIOIINMHI
METOJAMH: AHATUTHYECKUMH METOJaMH CHJ — Ui OeCIIapHUPHOM apku (PY4YHOH CYET), YHCICHHBIMH METOIaMH
KOHEUYHBIX 3JIEMEHTOB — IUIS TUIACTHHBI B BUJE «IIOJYKpyTay» (MAIIMHHBIA CYET — HA OCHOBE IMPOTPAMMHOI0 KOMII-
nekca Lira 9.6). CpaBHeHHe pe3yJIbTaTOB PacyeToB AMCKOBOM MIJIBI 10 JBYM PAacYeTHBIM MOJCISIM: CTPEKHEBAs U
IUTACTHHYATAs TOKA3BIBAIOT CXOXKECTh 3aKOHOMEPHOCTEH M3MEHEHHWS HaNpsDKEHHH, OIHAKO €CTh ONpelesieHHOE
pasiiuuue Mo BeJlMYHHAM HAMPSDKEHUH, YTO O0BSICHIETCS Pa3iMuieM anpOKCUMHUPYIOINX BBIPAXKECHHIA.

KioueBble cioBa: TepMOPPHUKIMOHHAS pe3Ka, PEKYIIMH TUCK, OeclIapHUpHAs KPyroBas apka, H30MoJIs
HAIpPSDKEHHUs!, N3rHOAI0IIe MOMEHTBI, TIOTIEPEYHbIC YCHITHSL, TIPOIOJIbHBIE YCUIIHUSI.

Information about authors:

Sherov K.T., Doctor of Engineering Sciences, Professor, Karaganda state technical university, Karaganda, Kazakhstan;
shkt1965@mail.ru; https://orcid.org/0000-0003-0209-180X

Sikhimbayev M.R., Doctor of Economic Sciences, Professor, The Corresponding member of the Russian Academy of
Natural sciences, Karaganda economic university of Kazpotrebsoyuz, professor at the Department of "Ecology and assessment",
Karaganda, Kazakhstan; smurat@yandex.ru; https://orcid.org/0000-0002-8763-6145

Nasad T.G., Doctor of Engineering Sciences, Professor, Engels Technological Institute (branch) of the Federal State
Educational Establishment of Higher Professional Education «Saratov State Technical University named after Gagarin Yu.A.»,
Saratov Region, Engels, Russia; tgnas@mail.ru; https://orcid.org/0000-0002-9957-6645

Absadykov B.N., Doctor of Technical Sciences, Professor, The Corresponding member of National Academy of Sciences of
the Republic of Kazakhstan, A. B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan; b_absadykov(@mail.ru;
https://orcid.org/0000-0001-7829-0958

Izotova A.S., Senior Lecturer, Karaganda state technical university, Karaganda, Kazakhstan; aikerimizat@mail.ru;
https://orcid.org/0000-0002-6225-719X

Okimbayeva A.E., Senior Lecturer, Karaganda state technical university, Karaganda, Kazakhstan; erkinovna89@mail.ru;
https://orcid.org/0000-0002-9306-9722

Kuanov L1.S., teacher, Karaganda state technical university, Karaganda, Kazakhstan; isa kuan@mail.ru;
https://orcid.org/0000-0002-9827-5728

REFERENCES

[1] Volf V.F., Saws for cutting hot metal. Sverdlovsk. "Ural Polytechnic Institute", 1987, 46 p. (in Russ.).
[2] Nefedov S.I., Cutting metals. - M .: Mechanical Engineering, 2001, 216 p. (in Russ.).
[3] Veselovsky S.I., Cutting materials. M. "Engineering", 1983, 360 p. (in Russ.).

— 129 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

[4] Pokintelitsa N., Levchenko E. Projecting Parameters of a Microprofile for a Surface Obtained as a Result of the Thermo-
frictional Processing / Procedia Engineering 150 (2016),

P. 1013-1019 (in Russ.).

[5] George W., Genevro A., Stephen S. Machine tools: processes and applications, Prentice Hall, 1991. 439 p. (in Russ.).

[6] Polyanchikov Y.N., Bannikov A.A., et al. Improving the efficiency and effectiveness of the of thermo-cutting friction
discs / Bulletin of Saratov State Technical University. 2007. N 1. Vol. 3. P. 41-46 (in Russ.).

[7] Sizyi Y.A. Theory and practice of cutting of friction. Kharkiv. P. 1995-333 (in Russ.).

[8] Zarubitsky E.W., Kostina T.P., Milling of plane surfaces of the parts metal friction disc. The technology and
organization of production, M. Publishing House of the MGRS, 1981, N 1. P. 32-33 (in Russ.).

[9] Kostina T.P., Research of influence of modes of cutting the power consumption in the metalworking of flat surfaces of
the friction disc. Sat.: The progressive design of cutting tools and best conditions for their operation. MDNTP, 1983. P. 102-105.
(in Russ.).

[10] Veselovsky S.I., Cutting materials. M. "Engineering", 1973. 360 p. (in Russ.).

[11] Nefedov S.I., Metals Cutting. M. Mashinostroenie, 2001. 214 p. (in Russ.).

[12] Sizyi Y.A., Dynamics of heating and cooling a friction disc based on heat exchange with the environment. Proceedings
of the universities. Mechanical Engineering. 1993, N 7, P. 139-147 (in Russ.).

[13] Kushnazarov 1.K., Musaev F. and ets. The method of cutting metal blanks // Patent Ne2738 UZ. Special vestnik. 1995.
N 3. P.33-34 (in Russ.).

[14] Alikulov D.U., Imasheva K.I. et al. The method of thermo-frictional processing plane and friction disc design // Patent
Ne22998 of Kazakhstan. 15.10.2010, Bull. N 10. P.50 (in Russ.).

[15] Muravyev O.P., Bayzhabaginova G.A., Imasheva K.I. et al. The method of thermo-frictional cutting-hardening
processing of cylindrical surfaces and friction disc design. Patent Ne25649 of Kazakhstan. 16.04.2012, Bull. N 4 (in Russ.).

[16] Sherov K.T., Friction disc, Patent Ne26236 of Kazakhstan, 15.10.2012, Bull. N 10 (in Russ.).

[17] Sherov K.T., The cutting blade, Patent Ne26583 of Kazakhstan, 25.12.2012, at Bul. N 12 (in Russ.).

[18] Sherov K.T., Sikhimbayev M.R., Absadykov B.N., Sikhimbayeva D.R., Buzauova T.M., Karsakova N.G., Gabdysalyk
R. Control’s accuracy improvement and reduction of labor content in adapting of ways of metalcutting tools // News of the
National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technical sciences. 2018. Vol. 6. N 432.
P. 170-179. https://doi.org/10.32014/2018.2518-170X.47 (in Eng.).

[19] Sherov K.T., Donenbayev B.S. et al. Experimental Research of Rotational-and-Frictional Boring of Big Holes in Large
Parts // Journal of Theoretical and Applied Mechanics. Sofia, 2017. Vol. 47, N 4. P. 23-36. https://doi.org/10.1515/jtam-2017-
0018 (in Eng.).

[20] Khodzhibergenov D.T., Esirkepov A., Sherov K.T. Rational milling of metals / Russian Engineering Research.
Allerton Press, Inc. 2015. Vol. 35, N 1. P. 43-45. https://doi.org/10.3103/s1068798x1501013x (in Eng.).

[21] Kurmangaliyev T.B., Sherov K.T., Sikhimbayev M.R., Sikhimbayeva D.R., Musaev M.M., Mazdubai A.V. et al.
(2018). Experimental study of optimal parameters of pneumatic motor of vibration table for inertial vibroabrasive machining the
parts on the basis of beryllium oxide // News of the National academy of sciences of the Republic of Kazakhstan. Series of
geology and technical sciences. 2018. Vol. 5, N 431. P. 184-191. https://doi.org/10.32014/2018.2518-170X.24 ISSN 2518-170X.
(Online), ISSN 2224-5278 (Print).

[22] Nasad T.G., Sherov K.T., Absadykov B.N., Tusupova S.O., Sagitov A.A., Abdugaliyeva G.B., Okimbayeva A.E.
Formation management in parts processing regenerated by surfacing // News of the National academy of sciences of the Republic
of Kazakhstan. Series of geology and technical sciences. 2019. Vol. 3, N 435. P. 102-108. https://doi.org/10.32014/2019.2518-
170x.74 ISSN 2518-170X. (Online), ISSN 2224-5278 (Print).

[23] Volodin, V.N., Trebukhov, S.A., Kenzhaliyev, B.K. et al. Melt—Vapor Phase Diagram of the Te—S System. Russ. J.
Phys. Chem. (2018) 92: 407. https://doi.org/10.1134/S0036024418030330

— 130 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2020

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmiieHHs cTaTbU Ui My OJIMKALMK B )KYypHaJIe CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

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

http://www.geolog-technical.kz/index.php/en/

Penaxropst /[. C. Anenos, M. C. Axmemosa, T. A. Anenoues
Bepctka /. A. A6opaxumosoii

IToanucano B neuats 05.02.2020.
®dopmar 70x881/8. Bymara odeernas. [leaars — puzorpad.
11,0 .. Tupax 300. 3aka3z 1.

Hayuonanvnas akademus nayx PK
050010, Armamur, ya. Lllesuenko 28, m. 272-13-19, 272-13-18



