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PROSPECTS FOR THE USE OF COMBINED
METAL-CUTTING TOOLS FOR THREADING

This article examines the use of combined metal-cutting tools for performing
threading operations. The main purpose of the work is to analyze the effectiveness of
using these tools in terms of improving accuracy, productivity and cost-effectiveness
of processing.

Combined tools show significant advantages over traditional methods, including
reduced processing time, improved accuracy characteristics and reduced equipment
maintenance costs. The design features and principles of operation of boring threaded
cutters and threaded combs, as well as their impact on production processes and the
quality of final products, are considered.

Threading with the use of combined metal cutting tools allows you to integrate
several technological operations in one cycle, which helps to increase efficiency and
reduce basing errors.

Experimental data confirm that the use of comb cutters contributes to a
significant increase in processing accuracy and productivity, as well as reducing the
time required to perform operations. Comparative analysis has shown that combined
tools provide a higher quality of the thread being cut and an extended service life
compared to traditional processing methods.

Keywords: combined metalcutting tools, threading tools, boring threaded
cutters, threaded combs, threading, productivity, processing quality.

Introduction

Threading is an operation to process a rod or hole in a part using a threading tool.
There are triangular, rectangular and other carvings. Threading can be right or left,
depending on the direction of the thread turn. The main elements of the thread include
the pitch and angle of the thread profile. The thread profile depends on the shape of the
cutting part of the tool with which the thread is cut. As a rule, three thread systems are
used — metric, inch and pipe [1-3].

The threading process is an important operation in mechanical engineering,
providing the creation of joints used in various structures and products. In recent years,
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combined metal cutting tools have been actively used to increase production efficiency,
which allow combining several operations, such as drilling, shaped cutting and threading,
into one tool. This solution significantly reduces the total processing time, reduces the
number of tools used and reduces equipment wear.

Combined metal cutting tools are designed to perform several technological
operations in one processing cycle. Their use is especially important in mass and mass
production, where saving time on changeover and tool change plays an important role.
The use of such tools makes it possible to minimize errors during the transition from
one operation to another and increase the accuracy of the final product [4—8].

Combined threading tools often include the following elements:

— A drilling element that performs pre-drilling of a hole.

— Chamfering element that allows you to remove the chamfer to prepare for
threading.

— A threading element that performs a thread on a pre-prepared part section.

The design of such tools may vary depending on the complexity of the operations
performed and the requirements for processing the material.

The main advantages of using combined threading tools include:

— Reduction of the number of operations: several operations are combined in one
tool, which reduces the total processing time;

— Improved accuracy: by reducing the number of tool changes, the number of
possible errors and errors is reduced;

— Reduced tool wear: optimal load distribution between the tool elements allows
you to extend its service life;

— Savings on auxiliary operations: reducing the time to change tools and reconfigure
equipment contributes to an increase in overall production productivity;

— Reduction of the cost of processing: fewer tools and shorter processing time
directly affect the reduction of production costs.

Combined threading tools can have different designs, depending on the type of
thread, the material of the workpiece and the requirements for surface quality. In general,
a combined tool may consist of several cutting elements arranged sequentially on one
housing.

The main types of structures:

—Tools for threading with pre-drilling and countersinking: this type of tools is used
for threading through and blind holes. The combination of a drill and a threading tool
allows you to significantly speed up the processing process;

— Threading taps with drilling function allow you to drill a hole first in one processing
cycle, and then cut the thread.

— Drilling and threading cutters are used on multifunctional CNC machines, allowing
simultaneous milling and threading.

Threading is a metalworking process that creates a spiral profile on the surface of
a part. The process includes cutting or forming threads, as well as removing chips and
other related materials. The key factors affecting the quality of threading are:
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—Tool materials. High-quality materials such as carbide carbide and ceramics ensure
a long tool life and high machining accuracy.

— The geometry of the cutter. The shapes and angles of the cutters affect the cutting
process and the quality of the thread.

— Cutting speed and feed. Optimal process parameters contribute to better thread
quality and minimize defects.

The methods of threading, the threading tools used in this case, and the threading
machines are very diverse.

The formation of threads by cutting and milling methods is carried out: for external
threads — with threaded cutters, screw cutters, comb and disc threaded cutters, round
dies; for internal threads — with cutters, taps and comb cutters. Vortex heads are used for
cutting single- and multi-entry screws and worms in large-scale production conditions.
The method of rolling external threads with flat dies is used on thread rolling machines
and thread rolling machines. The method of rolling a thread with knurled rollers is used
to form metric threads with a diameter of 3 ... 68 mm in increments of p = 0.5 ... 6.0
mm. Each of the methods has its own specific advantages and is used for threading of
various types [9-11].

Comb cutters are combined tools designed for threading using multiple teeth, which
ensure uniform load distribution and improved processing quality. These tools allow
you to cut threads on large diameters and in difficult conditions, improving the accuracy
and productivity of the process.

Materials and methods

The application of well-known and proven research methods in the field of
cutting theory, principles of mechanical engineering, theoretical mechanics, design of
metal-cutting tools, as well as methods of mathematical modeling and optimization
of parameters, is aimed at achieving the required level of processing quality. Special
attention is paid to the consideration of experimental data concerning the influence of
design parameters of resource- and energy-saving metal-cutting tools. These studies
are based on indicators of processing accuracy, quality level, surface roughness, as well
as the type of production.

Results and discussions

The experimental results showed that the combined tools provide a significant
reduction in processing time compared to traditional methods. The time to complete a
full cycle of threading and additional operations decreased by an average of 20-30 %.
This is due to the lack of need for additional replacement of tools and reconfiguration
of equipment.

The quality of the carving obtained using combined tools turned out to be comparable
to the quality achieved using traditional methods. However, combined tools have shown
more stable results when processing complex materials such as stainless steel. The
precision of the cut thread was in accordance with ISO standards.

In terms of cost-effectiveness, combined tools have shown the best results. The cost
and operation of combined tools turned out to be 15-20 % lower compared to traditional
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cutters. This is due to a reduction in the cost of purchasing and replacing tools, as well
as a reduction in time for setting up and reconfiguring equipment.

To improve the accuracy of the thread being cut, a combined metal—cutting tool
- cutter-comb has been developed, which combines two or three hole preparation
operations into one operation and reduces processing time.

Figure 1 shows the scheme of threading with a combined two-stage tool: a boring
cutter-comb [12]. The boring cutter is the first stage of the tool, and the threading
comb is the second stage of a complex combined tool. In order to obtain a high-quality
cylindrical hole when working with an axial feed boring cutter, it is necessary that after
the tip of the cutter there is a stripping section with a width b equal to half the pitch of
the thread being cut or slightly larger. In section b, the main angle in the plan is zero.
In this case, the cutter will bore a cylindrical hole, and with the size of this section,
significantly less than half the pitch of the thread being cut, a combination of screw
surfaces of the threaded type with the profile of the boring cutter will be cut. In the
practice of work, it is often necessary to have higher accuracy than standard traditional
metal cutting tools can provide.

Design parameters of a metal—cutting tool, a workpiece: 1 — a workpiece; 2 — a
metal—cutting tool; w0 — rotational movement of the workpiece or tool; egr — the angle
of the profile of the thread being cut, equal to 60°; SO — axial feed per revolution, equal
to the pitch of the thread being cut; Dp — the outer diameter of the thread being cut, mm;
Lz — the length of the workpiece, b is the length of the stripping section of the cutting
edge of the boring cutter with the main angle in the plan equal to zero; ¢p is the main
angle in the plan of the boring cutter; @1p is the auxiliary angle in the plan of the cutter;
Hp is the height of the profile of the thread being cut.

Figure 1 — Diagram of internal threading with
a combined tool with a comb cutter
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Figure 2 shows a diagram characterizing the method of cutting an internal thread
with a boring tool-comb with a preceding boring hole with a boring tool [12] with
a section of the cutting edge width b with a main angle in terms of ¢ = 0 and with a
guide between the cutter and the comb. The addition of a guide rail turned a two-stage
tool into a three-stage one. The guide allows you to increase the accuracy of the thread
being cut, because it reduces or prevents the tool from beating relative to the hole of the
workpiece. Thus, with the help of a guide, the multifunctional first and third stages of
the combined tool are better centered relative to the axis, which increases the accuracy
of the thread being cut.

The design and geometric parameters of the tool and the workpiece in Figure 2:
Dp — the outer diameter of the guide, mm; Hp — the length of the guide.

L3

Figure 2 — Chart of internal threading with a combined
tool with a comb cutter with a guide

High-precision threading schemes with more productive combined metal-cutting
tools in Figures 1 and 2 can be implemented provided that the boring cutter used in
them is changed so that at higher axial feeds equal to the pitch of the thread being cut,
not an ordinary cutter of the type of an ordinary turning pass-through will be used, but a
cutter with a stripping section, on in which the auxiliary angle in the plan is zero in the
area from the top to the size of 4...5 axial feeds. When this condition is met, the boring
cutter with a stripping section on the auxiliary cutting edge in the diagrams shown in
Figures 1 and 2 increases the accuracy of the drilled hole before threading.
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Conclusions

Combined metal cutting tools are an effective solution for threading, allowing you
to significantly increase productivity and processing quality. They provide a reduction
in processing time, improved accuracy and lower costs for tools and their maintenance.
Modern achievements in the field of metalworking contribute to the further development
and improvement of combined tools. The introduction of these tools into production
processes opens up new opportunities to increase the competitiveness of enterprises.
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BYPAHJIAHBI OIOFA APHAJIFAH KYPACTBIPBIVIFAH
METAJIKECKIII K¥PAJIJAPABI KOJIIAHY BOJIAIIAFbI

Byn wmakanada oOypay onepayusnapvih OpblHOAY YWiH KypacmulpblieaH
MEManIKecKkiu Kypanioapovl Ranoaiany Kapacmulpuliaosl. Kymeicmuly Hezizei
Maxcamol — K0y Ol 001012IH, OHIMOINI2IH HCOHE YHEMOLNICTH APMMbIPY MYPeblCbIHAH
ocbl Kypanoapobl KOIOAHYObIH MUIMOLTIZIH MAnoay.

Kypacmuipvinean xypanoap O0ocmypai odicmepee Kapasanod aumapivikmai
ApMBIKWBLIBIKMApObl  Kepcemeoi, COHblY [iHOe O6HOey VAKblMblH KblCKapmy,
0010IK OHIMOLNIZIH JcaKcapmy JHCoHe HCAOOLIKKA MEXHUKAAbIK Kbl3Men KOepCemy
wvleblHOapuln azaumy. Bypanoanel xecxkiwmep men OypaHoaivi mapaxmapouly
KOHCMPYKMUGMI epeKulenikmepi MeH JHCYyMblC NpUHyunmepi, CoHOAal-ax onapobly
OHOIPICMIK npoyecmepze JHCoHe COHabl OHIMHIN CANACbIHA 9Cepi Kapacmblpblidobl.

Kypacmuipvinean memannkeckiut Kypanoapovl Nauodaianbln JHCiNneH Kecy
OipHeuie MexHONO2USIbIK Oonepayusiapovl 0ip yukide Oipikmipyee MYMKIHOIK
Oepedi, 6yn muimOinikmi apmmuipyea dlcone Hecizoezi xamenixmepodi asaumyea
KomMexmeceoi.

Dxcnepumenmmix depexmep mapax, KecKiumepin KoI0any onoeyoiy 0a10iei
MeH 6HIMOINiciH eddyip apmmolpyad, COHOAU-AK ONepayusiiapobl OpbIHOAY
VaKblmvlH KblCKapmyaa blKnai ememinoicin pacmaiiovl. CanblcmblpMaisl maioay
KepcemkeHoell, apanac Kypaioap 09cmypii 6Hoey 90iCmepiMeH CalblCmblp2anod
KecineeH JucinmepOoin Jco2apvl Canachbit JHCOHe KbIsMem emy Mep3imMin y3apmaoul.

Kinmmi ce30ep: Kypacmvipvliean Memaiikeckiui Kypaioap, Oypanoaivl
Keckiw Kypanoap, Oypanoanvl Keckiwumep, Oypanoaisl mapakmap, 6ypaHoausl oo,
OHIMOINIK, 6HOEY Canachwl.
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INEPCIIEKTUBBI IPUMEHEHNWA KOMBUHUPOBAHHBIX
METAJVIOPEXYIUX UHCTPYMEHTOB JJIS1 HAPE3AHUS PE3bBbI

B oaunoii  cmamwve  ucciedyemcs — npumeneHue - KOMOUHUPOBAHHBIX
MEMANNOPENHCYWUX UHCMPYMEHMO8 OISl GLINOJIHEHUs Onepayuil Hape3anus pe3vobl.
Ocnosnas yenv pabomsl 3aK104Aemcs 8 ananuze dPHekmusHOCmy UCHOIb30BAHUS
IMUX UHCTPYMEHM OB C MOUKU 3PEHUsI NOGBIULEHUS MOYHOCTIU, NPOU3BOOUMENbHOCTL
U 9KOHOMUYHOCMU 0OpAOOMKU.

Kombunuposannvie uncmpymeHmvl noKa3vl8aiom3Hauume bHole npeumyujecmed
1O CPAGHEHUIO € MPAOUYUOHHBLIMU MemoOdamu, 6KIOUAs COKpaujeHue epemenu
o0bpabomxu, yiyyueHue moYHOCMHbIX XAPAKMEPUCMUK U CHUJICeHUe 3ampam Ha
obcnyacuganue obopydosanus. Paccmompenvl xoncmpykmugenvle ocobennocmu u
NPUHYUNBL PAOOMbI PACMOYHBIX PE3bO0BbIX PE3YO08 U Pe3bO0BbIX 2PEOEHOK, a MAKiCe
UX BIUAHUE HA NPOU3BOOCNBEHHBLE NPOYECCHL U KAUECMB0 KOHEYHOU NPOOVKYULL.

Hapesanue pe3vbul ¢ npumeneHuem KOMOUHUPOBAHHBIX MEMALLOPENCYUIUX
UHCMPYMEHMO8 NO3BOJIAeN UHMESPUPOBATNH HECKOIbKO MEeXHOL02UYECKUX Onepayuil
6 0OHOM YuKe, Ymo CnocoOCMEYem Y8eaudeHuio IPPeKmusHOCmU U CHUNCEHUTO
owubox npu 6A3UPOBAHULU.

Dxcnepumenmanvivle  0aHHble  NOOMBEPAHCOAIOM,  YMO  NpUMeHeHue
Pe3y08-2pebéHoK  Ccnocobcmseyem CyuecmeeHHoMy HNOGBIUEHUI0 MOYHOCMU U
NPOU3B00UMENbHOCIIU 00PAOOMKY, 4 MAKIICE COKPAWEHUTO 8DEMEHU HA 8bINOIHEHIUe
onepayuti. CpagHumenbHblll AHAIU3 NOKA3A, YO KOMOUHUPOBAHHbIE UHCTNPYMEHbl
obecneyusaiom Ooee 8blCOKOe KAUeCmao Hape3aemoll pe3bObl U YEeauuenHvlli CPOK
CYIAHCOBL NO CPABHEHUIO ¢ MPAOUYUOHHBIMU MEMOOAMU 00PAOOMKU.

Kniouesvie cnoga: xomoOumuposanmvie Memaniopedxicywue UHCpYMeHmbl,
pe3bOoHapesHvie UHCPYMEHMbl, pPACTHouHble pe3bbosvle  pe3yvl, pe3bhosvle
epeOénKu, Hapesanue pe3vobl, NPOU3EOOUMETbHOCHb, KAYeCmE0 00pabomKu
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