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Turret lathes, which are automated turret machines, are widely used in large-scale and mass
production. The use of automatic machines in small-scale production, which has a significant specific weight
in instrument construction, was considered inadvisable until recently due to the fact that their reconfiguration
takes a lot of time.

Currently, thanks to the expansion of processing methods, which allow with minimal time consumption
to go from the production of one part to the production of another part of the same group, automatic machines
are increasingly used in small-scale production.

The introduction of innovative methods to expand the technological capabilities of machines should
go not only by increasing the accuracy of processing, a wider use of the expansion of functionality can be
realized by equipping with auxiliary devices that can perform operations that improve the production of parts.
One of the ways to improve the productivity of the automatic lathe is to use shaped cutters, which allow you
to process the part faster and with better quality, and with the help of developing a methodology for calculating
and adjusting the cams.

The expansion of the technological capabilities of automatic machines should not only go by
increasing the accuracy of processing, a wider use of the expansion of functional capabilities can be realized
by equipping them with auxiliary devices that can perform such operations that improve production. One of
the ways to improve the productivity of the automatic lathe is to use shaped cutters, which allow you to process
the part faster and with better quality, and with the help of developing a methodology for calculating and
adjusting the cams. Therefore, the topic of the article is relevant.

Keywords: complex, functionality, machine, equipment, processing process, innovative methods,
vibrations, efficiency.

F. 1. Fig. 10. Ref. 20.

1. Problem formulation

Turret lathes belong to the group of lathes. Machines of this type are used for processing parts in serial
production from bar material or artificial blanks. Depending on the type of workpieces, they are divided into
rod and cartridge. Revolver machines do not have a rear headstock, but have a turret head into which various
cutting tools (cutters, drills, countersinks, and reamers) are installed. The tool is mounted in the cutter holder
of the transverse caliper. All cutting tools are installed in advance when setting up the machine, and in the
process of processing, they are put into operation one by one. After each working stroke, the turret head is
turned, and the working position is occupied by a new cutting tool [1-5].

According to the design of the turret, the machines are divided into machines with vertical, inclined
and horizontal axes of rotation of the turret.

The advantage of lathe-turret machines in comparison with lathe-screw cutters is the possibility of
reducing the main time as a result of the use of multi-cutter holders and simultaneous processing of the part
with tools fixed in the turret head and in the cutter holder.

Relatively small costs of auxiliary time as a result of preliminary adjustment of the machine for
processing with several tools, quick replacement of the tool by turning the turret head, automatic obtaining of
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specified dimensions thanks to the possibility of using stops. Due to this, there is a significant increase in labor
productivity.

2. Analysis of recent research and publications

Turret lathes are used in serial production to produce parts of a heavy configuration from artificial
blanks or a bar. Based on these factors, machines are divided into cartridge and bar machines.

Single-spindle lathes and semi-automatic machines are classified as: automatic machines and semi-
automatic machines.

An automatic machine is a machine in which all the main and auxiliary movements necessary for the
cycle of workpiece processing are automated, including loading and dispensing of the processed part. The
worker should only periodically load a batch of blanks or bars and periodically control the dimensions of the
parts [1-20].

A semi-automatic machine is called a machine in which all the main and auxiliary movements that are
part of the workpiece processing cycle are automated, but the installation of a new workpiece and the removal
of the finished part, as well as the control of its dimensions, are carried out by the worker.

Single-spindle bar automatic machines are divided into: turning-revolver machines; style-distinctive;
longitudinal turning

Shape-cutting machines are used for processing short blanks of small diameter and simple shape. They
have two to four calipers that move only in the transverse direction and carry shaped and cutting cutters. Such
machines are also made with a longitudinal caliper, which allows drilling holes along the axis of the workpiece.

Longitudinal turning machines are used for processing long and precise small-diameter parts from a
bar or a coil of wire. The workpiece has a longitudinal feed, and the calipers (three or four of them) are either
stationary or have a transverse feed. Drilling, countersinking, thread cutting is carried out with the help of
special devices, shaped surfaces are processed by joint movements of the workpiece in the longitudinal
direction, and the cutter - in the transverse direction.

Fig. 1. Single-spindle bar machines: a — lathe-revolver; b — style-distinctive; ¢ — longitudinal turning.
Source: grouped by author based on[1, 9, 10]

Lathe-turret machine - a metal-cutting machine of the lathe group, equipped with a multi-position

rotating turret head, carrying tools for processing external and internal surfaces by sharpening, boring, drilling,
countersinking, rolling, rolling, etc.
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Turret turning machines are designed for the production of parts from various steels and non-ferrous
metals and alloys in grades 9-11. They are processed from cold-drawn calibrated round, square and hexagonal
bar material. Unlike longitudinal turning machines, the spindle headstock of a lathe-turning machine does not
have an axial movement.

Traditionally, lathe-turner machines were used in automated lines, where maximum productivity,
accuracy and reliability of the equipment were required. As a rule, this is mass and large-scale production,
where the equipment works in multi-shift mode with a limited range of processed parts.

Turret lathes, compared to universal lathes, have the following characteristic features:

- turret lathes do not have a lead screw and a tailstock, and instead of the latter there is a caliper with
a turret head, in the sockets of which a cutting tool is installed, designed for sequential processing of parts.
When installing special holders in one slot, several cutting tools can be fixed for simultaneous processing of
the part

- the position of each of the tools is adjusted so that the dimensions of the surface of the parts processed
by it correspond to those specified in the drawing

- lathes and turrets have adjustable cams designed to automatically turn off feeds at the end of each
stroke of the calipers

- turret lathes are often used for simultaneous processing of parts with cutting tools, which are in the
holders of the turret head and in the cutter holder of the transverse caliper, which significantly reduces machine
time.

Turret lathes are used in serial production for processing parts from bars or from artificial blanks. All
basic turning operations can be performed on these machines.

The use of lathes is considered rational if the technological process of processing the part requires the
use of a large number of cutting tools.

The advantages of lathe-turret machines, in comparison with lathes, include:

- the possibility of reducing machine time due to the use of multi-cutter holders and simultaneous
processing of the part with a tool installed on the turret head and transverse caliper;

- relatively small time spent due to the preliminary setting of the machine for processing the part with
many tools.

Fig. 2. Location of turret heads: a — with a vertical axis of rotation;
b — with a horizontal axis of rotation parallel to the axis of the spindle;
¢ — with the horizontal axis of rotation perpendicular to the axis of the spindle.
Source: grouped by author based on[1, 9, 10]

In revolving machines, the main movement is the rotation of the spindle; feed movement - longitudinal
s1 and transverse s2 movement of calipers, with cutting tools. In turret heads with a horizontal axis of rotation,
parallel to the spindle axis, transverse feed is carried out by slow rotation of the turret head. In machines with
a turret, which has a vertical axis of rotation, the transverse feed is carried out by a transverse caliper, and
sometimes by moving a carriage with a turret in the transverse direction.

Auxiliary movements in turret machines are: turns (indexing) of the turret head for sequential
introduction of various tools into work; feeding and clamping the bar; quick supply and removal of turret,
transverse calipers, etc.
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A distinctive feature of the structure of lathe-turret machines (Fig. 3) is the presence of a rotating,
sometimes linearly movable turret head, in which the necessary sets of tools for processing are located in the
necessary sequence. Such machines usually do not have a tailstock.

)

/.

Fig. 3. Turret lathe
Source: grouped by author based on[1,9,10]

The location of the axis of rotation of the turret head 4 determines the layout of lathe-turret machines
(Fig. 4): with a horizontal axis and a vertical axis of the turret head.

The calipers that inform the tool of the feed movement 3 and 5 move along the guides 6 of the bed,
the spindle headstock 2 is mounted on the bed 7. The tray 10 is used to collect shavings. Control handles are
located on aprons 8 and 9.

On a lathe-turret machine, you can immediately carry out processing with tools that are fixed in the
transverse caliper 3 and in the turret head 4, which makes it possible to increase productivity with the help of
parallel processing of planes with several tools. Increasing the profitability and productivity of the machines
is facilitated by its initial setting for processing a given workpiece and further work on stops 11.

By shape, revolver heads are divided into prismatic and cylindrical (most often with six faces). After
each working stroke, the turret rotates, and the next cutting tool or group of tools, which are located on a special
mandrel, occupies the working position.

The main parameters of lathes and turret machines are the maximum diameter of the processed bar
and the maximum diameter of the processed surface of the artificial workpiece above the caliper and above
the bed. The main parameters also include the overall dimensions of the working area of the machine, which

determine the maximum length of the processed part, and speed characteristics.
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Fig. 4. Location diagram of a lathe-turner automatic machine: 1 — transmission box; 2 — spindle
headstock; 3 — transverse caliper; 4 — revolver head; 5 — longitudinal caliper; 6 — guide; 7 — bed;

8, 9 — aprons of transverse and longitudinal calipers; 10 — pallet; 11 — emphasis.
Source: grouped by author based on[1, 9, 10]

The main movement of the lathe-turret machine is the feed movement: transverse and longitudinal (in
machines with a horizontal axis of the turret head - circular due to the rotation of the head) movement of the
calipers that feed the tool; movement of the spindle that feeds the workpiece.

The main components of a lathe-turret machine with a vertical axis of the turret head are largely the
same in design as the components of lathes.
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The spindle headstock of large and medium-sized machines has a built-in speed box, which provides
a small adjustment range and a small number of steps of the spindle rotation frequency, compared to the same
unit of a lathe. Only the spindle is installed in the spindle headstock of small machines. The speed of rotation
of the spindle is adjusted with the help of a reducer, which is installed in the base of the machine and connected
to the spindle by a belt transmission.

Gear box 1 is structurally simpler than the gear boxes of lathe-screw-cutting machines, since lathe-
turret machines have a smaller range of adjustment of the rotation frequency and a smaller number of gear
stages. In addition, there are no elements in the feed box that are required for cutting threads with a cutter using
a lead screw.

A lathe-turret machine with manual control is considered a universal machine. On such a machine,
you can make parts from a bar and from artificial blanks that are fixed in a chuck. The machine is equipped
with a hydraulic drive for clamping and feeding the bar into collet chucks (with a bar tolerance of £ 1 mm).
Acrtificial workpieces are clamped using a special chuck attached to the machine. Lathe-turret automatic
machines were developed on the basis of lathe-turret machines.

Lathe-turret automatic machine, the scheme of which is presented in fig. 5, makes the processing of
parts of a rather complex configuration.
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Fig. 5. Scheme of processing on a turning machine
Source: grouped by author based on [1, 9, 10]

The workpiece-bar 3 is fixed in the spindle 2 and receives the main rotational movement.

Turret head 6, fixed on a turret caliper 7. Tools 8 are placed in it in a certain sequence, starting from
position I, where a stop limiting the feed of the rod is installed. The turret head, after the end of the operation,
for example, drilling in position I, moves away from caliper to the right and turns by 1/6 of a turn, driving
another tool into the processing area, for example, a countersink in position I11.

Caliper 7 provides longitudinal feed to tools 8.

The automatic machine has three, and in some models four, transverse calipers 4 and 5, which provide
transverse clearance and cut-off.

6 4
Fig. 6. The device of a lathe-revolver automatic machine
Source: grouped by author based on [1,9,10]
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The device of a lathe-revolver automatic machine is shown in Fig. 6. Based on 1, which houses a
gearbox with an electric motor. The cabinet with electrical equipment and units of the lubrication and cooling
system are placed in the frame 2, along the guides of which the longitudinal turret support 3, which carries the
turret head 5, moves. In the left part of the frame, there is a spindle headstock 8, in which the spindle with a
collet clamp rotates.

Transverse calipers 7 and a rod feeding and clamping mechanism 9 are placed on the frame.

On the left side of the base 1, a bracket 10 and a supporting pipe 11 are fixed for placing the processed
rod in it.

The camshaft 4 with cams 6 is located on the front wall of the bed, and the auxiliary shaft is mounted
on the rear wall.

Lathe-turret single-spindle automatic machines of models 1D112 and 1D118 are designed for mass
and serial production of parts from round, hexagonal and square calibrated bars. Machines can, with
appropriate cutting modes, process various metals: from copper to hard steels. The machines are supplied in a
universal version with a set of replaceable gears, collets and various holders.

3. Research purpose and tasks

The purpose of the article is to use innovative methods to expand the functionality of a single-spindle
lathe-turning machine using shaped cutters and by developing a methodology for calculating and adjusting
cams. To achieve the goal, it is necessary to solve the following tasks:

- conduct an analysis of known device designs and determine their advantages and disadvantages,
which can be used to increase the efficiency of the machine;

- to propose a methodology for calculating shaped cutters;

- develop a methodology for calculating and adjusting cams;

- perform a technical and economic justification of the feasibility of expanding functional capabilities.

4. Results of the researches

Tool support. Technological processes of metal processing by removing shavings in order to give the
parts specified shapes, sizes and quality of surface layers are carried out with cutting tools. Almost all turning
operations can be performed on automatic lathes. The cutting tools are installed in the holders of the turret
head and the transverse caliper. The combination of a transverse caliper with a turret head allows you to process
several surfaces at the same time.

In the literature, technological recommendations for effective processing of parts are given, but the
problem of improving such recommendations will always remain relevant, as new designs of cutting tools are
developed, the technological capabilities of machine tools are expanded, and the requirements for the quality
characteristics of the processed surface are increased. Accordingly, the existing technological
recommendations lose their relevance and require further improvement. Taking as an example the processing
of internal holes in a solid material by drilling with axial blade cutting tools, we established that the most labor-
intensive processing by cutting consists of the technological transitions of drilling - 36%, milling - 26%,
turning - 25%, all other types of processing together make up only 13% .
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Fig. 7. Analysis of the labor intensity of technological transitions
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The use of innovative methods to expand the functionality of the turning machine. To reduce
labor intensity and increase the productivity of work on the automatic lathe, we used shaped cutters.

Shaped cutters are used for processing external, internal and end-shaped surfaces of bodies of rotation
on lathes, semi-automatic and automatic machines, as well as for processing various shaped surfaces on planing
machines. They have a number of advantages in comparison with ordinary cutters - high productivity,
dimensional accuracy, identity of the shape of products that do not require high skill of the worker.

According to their design, shaped cutters are more complex than ordinary cutters of general use and
are highly specialized, that is, they are designed for processing blanks of one profile. This is a relatively
expensive tool and it is used mainly in large-scale and mass production.

However, recently, shaped cutters began to be used in small series and single production, especially
when their use is due to technical necessity - it is impossible to obtain the required surface in another way.

Shaped cutters can be classified according to various features [6]: according to the tool material (hard
alloy, high-speed cutting), according to the feed direction (radial, tangential), according to the location of the
mounting base (cutters with a parallel arrangement of the base and the axis of the workpiece and with an
inclined one), according to the structural form (flat and rod, prismatic and round) etc.
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Fig. 8. Rod shaped cutters: 1 — complex profile; 2 — radial groove;
3 —external gallet; 4 — internal halt

The simplest design is a rod shaped cutter with a welded or soldered cutting plate (Fig. 9). Due to the
complexity of the profile, shaped cutters are ground not on the back surface, but on the front. The disadvantages
of rod cutters include a small amount of allowable resharpening.

sharpening
place

-
-

8

Fig. 9. Prismatic shaped cutter: a — assembled with a holder;
b — installation diagram (1 — holder; 2 — screws; 3 — cutter)

- s
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A prismatic cutter can withstand a large number of resharpening operations (Fig. 9). The profile of its
back surface corresponds to the given shape profile of the part. The cutter is fixed in a special holder with a
dovetail shank, and in order to form a rear corner, the cutter is installed with an inclination towards the sole of
the holder. Resharpening of the cutter is performed by grinding the front surface.
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Fig. 10. Disc shaped cutter: a — construction; b — setting in the center of the workpiece (a=0);
C — setting higher than the center of the workpiece (a>0)

Disc (round) cutters with a shaped outer surface have become widespread. A shaped cutting edge is
formed at the intersection of the plane of the corner cutout with the outer surface. The cut is made below the
center of the cutter, and the center of the cutter is set higher than the center of the workpiece (Fig. 10), which
ensures positive values of the front and back angles. The front surface of the cutter is resharpened tangentially
to the conventional circle, the radius of which

r = Rsin(a +y) Q)
where — a is the specified rear angle; y — is the given front angle.

After each resharpening of the front surface, the disc cutter is rotated on the axis of the holder,
reinstalled in the center and fixed. The teeth on the end of the cutter and on the end of the holder prevent the
cutter from twisting due to the forces arising during cutting [17-20].

To reduce the vibration of the workpiece when processing with a shaped cutter by the method of
transverse transmission, the surface is pre-drilled with a through cutter, leaving a small allowance for final
processing with a shaped cutter. Mode of turning with a shaped cutter: feed 0.02...0.1 mm/rev (before the end
of the working stroke, the feed is reduced); cutting speed up to 30 m/min.

5. Conclusions

The analysis of the existing designs of automatic lathes and tooling showed that the existing designs
need to be modernized. An analysis of the advantages and disadvantages of various designs of lathe-turning
machines, a comparison of automatic and semi-automatic machines was carried out. The analysis of tooling
showed that it is really beneficial to use shaped cutters, because it reduces the time of technological transitions,
thereby improving production. Shaped cutters can be used expediently in productions of various series.
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THHOBAIIIIMHI METOJIA PO3IIMPEHHSA ®YHKIIOHAJIBHUX MOXJIABOCTEN
TOKAPHO-PEBOJIBBEPHOTI'O OJHOIIMAHAEJIBHOI'O ABTOMATA

Toxapno-pegonveepni  asmomamu, wo nPeOCMABIAIOMs CcO00I0  ABMOMAMU3OBAHT  DEBONbEEPHI
sepcmamu, OMpUMAanu WUPoKe 3aCOCYBaHHsL Y 8eTUKOCEPIIHOMY | MACOBOMY GUPOOHUYME.

Buxopucmanus aemomamie 6 OpiOHOCEPiliHOMY GUPOOHUYMSI, WO MAEC 3HAYHY NUMOMY 842y 8
npunadooyo0y8anti, 00 OCMAHHLO20 YACY BBANCANIOCS He OOYITbHUM BHACAIOOK MO20, WO IX NepeHanazo0iceHts
3aimae bazamo uacy.

B oanuii yac 3aeoaxu posuwupennio memooie 06pooKu, wo 003601510Mb 3 MIHIMATLHOI GUIMPAMON0
yacy nepexooumu 6i0 6UeOMOGIeHHs OOHIET demani 00 8ULOMOBNEHHS THWOT 0emani miei Jc epynu, agmomamu
oOmMpuMyIoms 8ce Oiblle 3aCMoCcy8anHs 8 OpiOHOCePIUHOMY 8UPOOHUYMEL.

Bnpoeadoicenns innosayitinux memooie 0Jisi poUUPEeH s MEXHONOSIHHUX MONCTIUBOCTEL ABMOMAMIE
NOBUHHO UMY He MIIbKU WAXOM 30UIbUEHHS MOYHOCT 00POOKU, OLIbUL WUPOKE BUKOPUCMAHHS PO3UUDEHHS]
@DYHKYIOHATLHUX  MOJICTUBOCEU  MOJICHA peanizyéamu  3a O0OHNOMO20I0 OCHAWEHHAM OONOMIJDCHUMU
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NPUCTOCYBAHHAMU, SIKi MOJICYMb BUKOHY8AMU onepayii, AKi noKpawyioms upobHuymeo oemanei. OOHuM i3
WIAAXI8 NOKPAWEHHs NPOOYKMUBHOCTI MOKAPHO20 A8MOMAMA € 3aCMOCY8AHHS (DACOHHUX pi3yis, AKI 0aromb
3M02y 0bpobnaAmuU demane weuoule, Max AKICHiue, ma 3a 00NOMO2010 pO3POOKU MEeMOOUKU PO3PAXYHKY Md
HANAWMy8aHHs KYI1auKis.

Poswupenns mexnonoeiunux MoscIu8ocmenl Maului-asmomMamis NOSUHHO Umi He MilbKU 3a PAXYHOK
niosuuerHs mouHocmi 06pooKu, OiNbUL WUPOKe BUKOPUCANHS POSUUPEHHS (DYHKYIOHATbHUX MONCIUBOCEL
Modice Oymu pedniz08aHo WSIXOM OCHAWEHHS IX 0ONOMINCHUMU RPUCIPOSIMU, SIKE MOICYIb BUKOHY8AMU MAK]
onepayii, axki nokpawyoms eupobruymeo. OOHUM i3 wiiAXie NIOGUWEHHS NPOOYKMUBHOCMI MOKAPHOSO
sepcmama € GUKOPUCMAHHSA (DACOHHUX pI3Yie, SKI 00360410Mb wisuoute i AKicHiule oopobasmu demans, a
MAK0AC 3a OONOMO20I0 PO3POOKU MEMOOUKU PO3PAXYHKY | pecymosanns Kyiaukie. Tomy mema cmammi €
AKMyanvbHox.

Knrouoei cnosa: xomniexc, yHKYioHANbHI MONCIUBOCI, 6epcmam, 00IAOHAHHS, npoyec 0OpoOKu,
iHHOBaYitiHI Memoou, sibpayii, echekmusHicme.
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