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THE EFFECT OF THE DESIGN OF A ROTARY PEAKLESS
TURNING TOOL WITH CHIPBREAKER ON THE SURFACE ROUGHNESS

One of the methods of high-performance finishing turning is based on the use
of peakless cutters, the cutting edge of which in the cutting plane is inclined to the
axis of the workpiece, and the angle in the plan is most often zero. It is not the tip
that is in contact with the workpiece, but a certain part of the cutting edge of the
cutter, as a result of which turning is carried out in conditions close to the
conditions of free cutting.

The design of a rotary peakless rotary turning cutter with a chip breaker is
devoid of one of the design disadvantages — the presence of a vertex, the weakest
and most worn part of the cutting edge of conventional cutters. A constantly
renewable cutting edge due to its rotation allows you to evenly distribute wear,
temperature and specific loads, which significantly increases the service life of the
cutting tool.

Rotary peakless rotary turning cutter with a chip breaker for turning external
surfaces, in the design of which a cup cutting plate is placed, mounted and rotating
on an axis with bearings and due to its rotation allows the tool to provide high
processing performance, increase the operating time and service life of the cutting
tool dueto the adjustable angle of inclination of the cutting edge — makes it possible
to process various materials, and the presence of a chip breaker in the structure
allows to improve the quality and reduce the roughness of the treated surface, as
well as the chip formation process.

Keywords: turning, self-rotating cutter, rotary cutter, peakless cutter, wear,
roughness.

Introduction
The processing of materialsis carried out by various methods and methods, of which there
isawide variety. The choice of aparticular method or method depends on the requirements for
accuracy and surface roughness, as well as on the shape and size of the surfaces to be treated
[1;2; 3;4;5; 6].
Turning isthe most common method of mechanical processing, the method isuniversal and
does not require specia labor. The standard cutter used in turning has a simple design, where
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the weakest point is the tip of the cutter, since its area accounts for the largest part of the loads,
both mechanica and thermal [7; 8; 9; 10; 11; 12; 13; 14].

One of the ways to eliminate this weak point is the use of rotating (rotary) cutters. For
several decades, a large number of rotary cutter designs and research in this area have been
developed. Rotary cutters have a number of advantages in contrast to conventional turning
cutters due to the rotation of the cutting plate, both in self-rotating and forced rotating:

— increase the durability period of the cutting plate;

— increased cutting speed;

— reduction of temperature effects on the cutting edge;

However, along with all the advantages, there are a number of disadvantages.

— bearing wear;

— vibration in bearings,

— chip formation;

— chip jamming;

— acertain diameter of the round cutting plate.

However, along with this, it has many advantages that could raise turning a step higher.
Modern researchers areincreasingly taking into account all these shortcomingsin their designs,
trying to make rotary cutting as common as standard turning. Despite all this, rotary incisors
still require further research.

Materials and methods

The outer cylindrical surfaces are mainly processed with turning cutters with different
angles in plan (45°, 60°, 75° and 90°) with mechanical fastening of carbide plates or soldered
[15]. Asaresult, atrace from the top of the tool remains on the treated surface (Figure 1).
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Figure 1 — The surface to be treated during turning
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Figure 2 — Diagram of the formation of profile irregularities during turning

It can be seen from Figure 2 that not all the metal overlapped by the cross-sectional area of
the cut-off layer ABCE is removed into the chips, part of it in the form of residual scallops with
an area of BDC remains on the treated surface. In this regard, there are:

— the nominal cross-section of the slice (the area of the ABSE);

— the actual section of the cut (ABDE area), removed by the cutter (in the form of chips);

— the residual cross-section of the cut (BCD area), which remains on the treated surface of
the part and further mainly determines its roughness Rz.

If the cutter has a rounded tip with a radius 75, then the formation of the residual section of
the slice occurs according to the scheme shown in Figure 3.

. £ { 0,

Figure 3 — Diagram of the formation of profile irregularities during rotary turning

The height of the irregularities Rzcqic according to the formulas:
— for a cutter with a sharp tip (Figure 2)

So
(ctgp+ctgeps) ey
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- for a cutter with a rounded tip (there is a radius at the tip of the cutter r»)

So
~ 8xry (2)

chalc

Results and discussion

The analysis of existing structures and studies of processing with metal—cutting toolsled to
the development of anew metal-cutting tool - arotary peakless rotary turning cutter with achip
breaker [16].

A rotary peakless rotary turning cutter with a chip breaker is devoid of one of the design
disadvantages — the presence of avertex, the weakest and most worn part of the cutting edge of
conventional cutters. And the constantly updated cutting edge due to its rotation allows you to
evenly distribute wear, temperature and specific loads, which significantly increases the service
life of the cutting tool.

Rotary cutter — allows you to increase the efficiency of processing the outer surfaces of
rotating bodies compared to processing with a traditional turning through-hole cutter due to
constant updating of the cutting edge, increased durability, multiple increases in the overal life
of the tool, improving the quality of the surface to be processed, reducing temperature and
specific load in the cutting area.

Therefore, further research is being carried out by researchers. For example, asearch in the
Y andex electronic resource. Patents [17] for the keyword «rotary cutter» gives an extensive
picture of the submitted applications (Figure 4).
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Figure 4 — The number of patents by year in the Y andex electronic resource.Patents

Based on the analysis of patent applications, a rotary peakless rotary turning cutter with a
chip breaker was developed (Figure 5), which contains a holder housing 1 with a conical hole,
into which arod 2 with a rotary asymmetric offset relative to the axis of the fork-shaped head
isinstaled. An angular scale is placed on the end of this head to rotate the rod relative to the
body. Therotation isfixed in two stages by pre-fastening with a screw 8 and finally with a nut
9 and awasher 10 [26].
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Anaxis3isinstalled in the fork-shaped head, on which a cup cutting plate 4, a chip breaker
5, rings 6, bearings 7 are installed. To protect the bearings at the ends, the axle is closed with
two covers fixed with screws.

Figure 5 — Rotary peakless rotary turning cutter with chip breaker

The operation of arotary peakless rotary |athe with achip breaker is carried out asfollows:
thetool isinstalled in the tool holder of the lathe, adjusted to an angle depending on the material
being processed by turning the rod 2 with arotary asymmetric fork-shaped head relative to the
body of the cutter holder 1 on an angular scale. Pre-fix with screw 8, nut 9 and washer 10. After
installation, the cutter is brought to the workpiece and machined with a cup cutting plate 4.

The presence of a chip breaker in the structure allows you to control the chip coming off
with constant contact with the cutting edge, and eliminate the drain chips.

Based on the formation scheme (Figure 3) and the formula for calculating the height of
profile irregularities (2), taking into account the inclination of the cutting edge A in the range
from 30° to 70°, according to research recommendations [33], formula 3 was obtained.

So
8X1rp

So
X A= (0,3"'0,7))(% 3)

Rycalc =

Thus, with an increase in the feed Sy, the main ¢ and auxiliary ¢; angles in the plan and a
decrease in the radius at the top 7», the height of the irregularities Rz increases, i.e. the roughness
of the treated surface.

Conclusions

When processing with a new cutter, wear decreases and the durability of the cutter
increases, due to the rotation of the plate, the quality of the treated surface increases, including
adecrease in roughness, which is especially important during finishing.

The new tool lacksthetip of the cutter, increases the strength of the blade, reducestheforce
and thermal stresses on the cutting edge, in the central part of the contact zone of the cutting
edge of the cutter and the workpiece, good conditions are created for stripping the treated
surface with a straight line of the cutting edge.

Therotation of the cutting edge allows you to evenly distribute all thermal and mechanical
deformations, and significantly increases the durability period.
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2. H. VibsHoB aThiHAarkl UyBall MEMIEKETTIK YHHBEPCUTETI,
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12.03.23 x. bacnara TYCTI.

14.03.23 x. Ty3eTynepiMeH TYCTi.

15.03.23 . GachIn mbIFapyra KaObUTIaH b

KOHKAOIBIPTBIIIBI BAP POTAIUAJIBIK TOBECI3
BYPBIVIMAJIBI ’KOHY KECKIIITIH KY¥PbIJIBIMBIHBIH
BETIHIH KEJAIP-BY/AbIPJIBIF bIHA OCEPI

Koeapvl enimoi maza mokapavlx o0icmepiniy OIpi Kecy Ha3vlKmuleblHOA2bl
Kecy arcue2i 0aublHOAMAanbly OCIHe Kapau KUcau2an dHcoue iocnapoazvl Oypulil
KebOinece Hence mew 0Oonramvln mebeciz KecKiuimepoi KoI0aHy2a Heziz0eleH.
Hativinoamamen datinanvicma mebeci emec, KeCKiumiy Kecy scueiniy oencini oip
benici Oonadvl, HomMuUdcecinoe OYpany epKiH Kecy Hca20aulapblHa MHCAKbIH

AHcaz0aunapoa dHcyzeze acbipbliaobl.

JKonykaonvipeviuivr  6ap pomayusanvlk mebeciz OypulLIMaAnbl  KeCKiuminy
KYPbLIbIMbL KEMWIIKMepOIH Oipeyi — mobecCiniy O01ybl, Kapanativim KecKiuumepoiy
Kecy JHCUe2iHiy eH 9ICi3 dHcone mosean boaici bonvin cananamoiy. OHblY AUHATYbIHA
OQUIAHBICMbL YHEMI JHCAHAPMBLIAMbIH KeCcy dcuezi mo3yovl, memnepamypaHul
JHCOHe Hakmbvl JicyKmemenepOi Oipxenxi 0Oenyee MyMKIHOIK Oepedi, Oyn Kecy

KYPATLIHbIY KbI3Mem emy Mep3iMiH e0oyip apmmulpaobi.

Coipmkbl OemmepOoi mMOKApIblK oHoeyee apHal2aH MHCOHKAONbIp2bluibl Oap
atnaimanvl mebeciz OypulLIMAIbl MOKAPILIK KECKitl, OHbIH KOHCMPYKYUACHIHOA
MotiblHmipekmepi 6ap Ocbke OPHAMbBLI2AH HCOHE AUHANAMbIH MabaKuia KecKiut
minimuie opranackar. OHblY QUHATYbIHA OAUIAHLICMbL KYypalad 6HOeYOIH HCo2apbl
OHIMOINI2IH, Kecy KYPANbIHbIH JHCYMbIC YaAKblMbl MeH Kbl3Mem emy Mep3iMiH
apmmuipy2a MyMKIiHOIK 6epedi. Kecy oiwcueciniy pemmenemin Oypvluivl opmypii
Mamepuanoapowvl eyoeyee MYMKIHOIK bepeoi. Kouempyxyusoa
AHCOHKaoNvIpebiumiy O01ybl OHOeN2eH ODemmit canacvlt HCaKcapmyad Heone Keoip-
OYObIpIbI2bIH - a3atimyed, COHOAU-AK JHCOHKANapOuly natoa 001y npoyeci

memeHnoemyae MyMKIHOIK bepedi
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Kinmmi co30ep: scomny, o30icinen atinanamvii KecKiul, pomayusiivlk KecKi,
mebeci3 KecKiu, mo3zy, Kedip-0yOvIpvlK,.
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Topaiirsipos yausepcuter», Pecniybnuka Kazaxcran, r. ITaBnonap.

2Yypamnickuii rOCyJapCTBEHHBIH YHUBEPCUTET HMEHH

H. Ynpsuosa, UyBamickas Peciyonuka, r. YUebokcapbl

[TocTymmio B penakiuto 12.03.23.

[TocTynmio ¢ ucnpasienusimu 14.03. 23.

[Tpunsro B mevars 15.03.23.

BJIMAHUE KOHCTPYKIIUU POTAIIMOHHOI'O BE3BEPILIMHHOI'O
IHOBOPOTHOI'O TOKAPHOI'O PE3LIA CO CTPY X KXKOJIOMOM
HA IIEPOXOBATOCTb IOBEPXHOCTH

Ooun U3 Memooos  BblCOKONPOUIBOOUMENbHOU — YUCMOBOU  MOKAPHOU
00pabomKu 0CHO8aH HA NPUMEHEeHUU DEe386EPUIUHHBIX Pe3U08, PerCyds KPOMKA
KOMOPbIX 8 NIOCKOCMU Pe3aHUsl HAKIOHEHA K 0CU 3a20MO6KU, A Y20l 8 NilaHe Yauje
8ce2o paewvili HyM0. B konmakme c¢ 3a20moekoil Haxooumcs He 8epuiuHd, a
onpeoeneHnas 4acme pexcywel KpOMKU pe3yd, 6Creocmeue ye20 moveHue
oCyuecmensaemcs 8 ycio8usx, OIU3KUX K YCI08UAM C80000HO20 pe3aHusl.

Koucmpyxkyusi pomayuonnozo 6e36epuiunHo20 no8OPOMHO20 MOKAPHO20
pe3ya co CmpysHcKOJIOMOM JUUEHA 0OHO20 U3 KOHCMPYKMUBHBIX HEOOCMAMKO8 —
HaIuyus GepuilHvl, Haubonee clabOU U USHAWUBAIOWEUC YACMU pexcyuyell
KPOMKU 00bIUHBIX pe3yo8. A nNOCMOAHHO 00HO08IAeMas pexcyuias KpomMKa 3a cuem
eé  epawjeHuss  no3680Jiiem  pPAGHOMEPHO  pacnpedelums  UHAWUBAHUE,
memnepamypHvie U yoejbHble HASPY3KU, YMO 3HAYUMENbHO Y8equdusaem cpox
IKCIILYAMAyUU pexcyue2o UHCmpymenma.

Pomayuonnviii  b6e3sepuiuntblll.  NOBOPOMHBIL  MOKAPHLIN — pe3ey  CO
CMPYAHCKOTIOMOM  OJiIsl  MOKAPHOU 00pabOmMKU HAPYHCHLIX NOBEPXHOCMEl, 6
KOHCMPYKYUU  KOMOPOU  pasmMewieHa  yYauledHas  pexcyujas  NiacmuHKa,
VCMAHOBNIEHHAS U 8PAYATOWAACA HA OCU C NOOWUNHUKAMU U 30 CUem e€ 8paujeHus
no3eonaem UHCMpPYMeHmy o0becneyueams 6biCOKYIO  NPOU3BOOUMENbHOCb
06pabomKu, nogvlueHue 8pemenu IKCHAYAmayuu U Cpoka CryrHcObl pexcyujezo
UHCIMPYMEHMA 3a cuem pecyiupyemozo yeia HAKIOHA pexcyujell KpoMKU — oaem
B03MONCHOCMb 0OPAOOMKU PA3IUYHBIX MAMEPUANO8, d HAIUYUe 8 KOHCMPYKYUU
CIMPYAHCKOTIOMA NO380Aem VIYUUUMb KA4eCmeo U CHUNCEHUEe UepoxXo8amocmu
06pabomaHHoOl NOBEPXHOCMU, A MAKHCE NPOYECC CIMPYIHCKOOOPA308AHUSL.

Knrouesvie cnosa: mouenue, camospawarowuiics pesey, pomayuoHHulil pesey,
Oe36epuiuHHbLIL pe3ey, USHAUUBAHUE, WUePOX08aAMOCb.
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