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Introduction. The analysis of factory lathe-automatic operations revealed a significant variety of multi-tool
setups and identified its areas of application. To develop a matrix theory of accuracy for multi-tool machining and
create a unified algorithmic approach to errors modeling for all possible spatial multi-tool setups, it is necessary
to consider the flexibility of the technological system in all coordinate directions. In this regard, it is required to
systematize a large number of existing multi-tool setups and classify it to structure the information and improve the
understanding of its application. Purpose of the work is to develop a classification of multi-tool setups on multi-
carriage and multi-spindle CNC lathes, enabling the creation of both a matrix model of machining accuracy for each
classification class and a unified generalized matrix model of machining accuracy for the entire classification class.
The work investigates the systematics of multi-tool setups, oriented toward the development of matrix models of
machining accuracy. Therefore, the classification considered in this work is aimed at identifying the characteristics
of force loading and deformation of the technological system during multi-tool machining. The research methods
involve identifying the parameters used for classification and the hierarchy of these parameters, which determines
the levels and order of the systematics. Based on the principles of systematics of multi-tool setups used in traditional
automatic lathes, an analysis of its adaptation to the capabilities of modern lathes designed for multi-tool machining
is conducted. Results and discussion. As a result of the research, a formalized six-level classification of multi-tool
setups is developed, which includes the following aspects: the method of workpiece mounting, the set of carriages,
the types of cutting tools, the types and directions of carriage feeds, the orientation of cutting tools relative to
the workpiece, and the method of tool engagement (parallel, sequential). This classification takes into account the
technological capabilities for organizing multi-tool machining on modern CNC lathes. The main classes of the
proposed systematics of multi-tool setups in the presented work include single-carriage single-coordinate setups,
single-carriage two-coordinate setups, dual-carriage single-coordinate setups, dual-carriage two-coordinate setups,
and multi-carriage setups. The proposed systematics of multi-tool setups on lathe group machines is aimed at
developing machining accuracy models and can serve as a basis for developing recommendations on cutting modes
for these CNC machines. The proposed classification of multi-tool setups forms the foundation of the methodological
support for the CAD system of lathe-automatic operations and serves as the basis for creating next-generation CAD
systems for lathe operations.

For citation: Yusubov N.D., Abbasova H.M. Systematics of multi-tool setup on lathe group machines. Obrabotka metallov (tekhnologiya,
oborudovanie, instrumenty) = Metal Working and Material Science, 2024, vol. 26, no. 4, pp. 92—111. DOI: 10.17212/1994-6309-2024-26.4-
92-111. (In Russian).

Introduction

Multi-tool machining is one of the most effective means of increasing the productivity of machine
operations in machine building industry. [1-10]. It should be noted that the functions of metal-cutting
machine tools are constantly expanding to meet the demands for high productivity and precision when
machining complex and hard-to-process parts on a single machine [1-6, 11-20]. For example, the paper
[2] provides a comprehensive review of multifunctional machines used for metal cutting, its kinematic
configurations, control technologies, and programming. The paper [8] addresses the issue of optimizing
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cutting parameters on multi-position machines and automated lines equipped with multi-spindle heads.
In the work [14], turning was performed on a lathe with two cutting tools mounted on the carriage, one in
the front and the other in the back. A number of studies [21-34] have addressed specific issues related to
the problems of designing multi-tool machining or optimizing the process technology. In the work [30],
the opportunity of applying various modeling and optimization methods in metal machining processes,
classified by several criteria, was critically evaluated. However, none of these studies have examined the
need to organize multiple multi-tool setups, or introduced a system for its analysis. In other words, it has
not addressed the classification of multi-tool setups and the creation of a unified algorithmic model for
machining errors for the entire set of spatial multi-tool setups, taking into account the compliance of the
technological system in all coordinate directions.

The machining error component that arises due to the elastic displacements of the elements of the
technological system under the influence of cutting forces, often referred to as the deformation component,
is the most controllable during machining and at the design stage. By varying cutting conditions, cutting
tool geometry, initial error (at an intermediate stage of machining), and changing the material of the cutting
part, it is possible to significantly influence the magnitude of machining error [4, 9, 13, 15, 16, 25, 26, 33].
Therefore, the mathematical model of the deformation component of machining error forms the basis of the
computational matrix theory of machining accuracy [13, 14, 15, 25, 26, 33, 35, 37].

Attempts to systematize multi-tool setups can be found in the works of 4. 4. Koshin [35-36]. He
introduced four main and one additional classification levels for setups. The main classification criteria
are the type of carriage, the type of cutting tool, its orientation (whether it presses the workpiece toward
or away from the carriage), and the method of workpiece mounting. The additional criterion is the type of
auxiliary device mounted on the main carriage. However, there is no way to describe a number of features
specific to multi-tool machining on modern CNC (Computer Numerical Control) machines.

The formalized systematization of multi-tool setups forms the basis of the methodological support for the
Computer-Aided Design (CAD) system of turning-automatic operations [37]. Modern automatic machines,
designed for multi-tool machining and equipped with CNC systems, offer significantly richer technological
capabilities for organizing multi-tool operations. Therefore, a new, more multifactorial systematization of
multi-tool setups, reflecting these new capabilities, is required.

The purpose of the work is to develop a classification of multi-tool setups on multi-carriage and multi-
spindle CNClathes, enabling the creation of both a matrix model of machining accuracy for each classification
class and a unified generalized matrix model of machining accuracy for the entire classification class.

To achieve the set purpose the following tasks are solved:

1. The principles of classification of multi-tool setups are revealed,

2. The main classes of the proposed systematics of multi-tool setups are defined.

Research methodology

Principles for classifying multi-tool setups

The basis of systematics is a set of classification indicators. Taking as a basis the principles of the
systematics of multi-tool setups on traditional automatic lathes [37], we will consider the transformation of
indicators to the capabilities of modern lathes of the turning group, focused on multi-tool machining.

The key issue of systematics is to identify the parameters by which the classification is carried out,
and the hierarchy of these parameters, which determines the levels and order of systematics. The proposed
systematics of multi-tool setups is focused on the development of models of machining accuracy.

The main feature of multi-tool machining is the force interaction between the tools in the setups [31,
32]. Therefore, the classification is aimed at identifying the characteristics of force loading and deformation
of the technological system during multi-tool machining.

The basis of the scheme of deformation of the technological system under force loading during machining
is the method of fixing the workpiece. It is a common, single indicator for multi-tool setups. The mounting
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method largely determines the possible types of tools and its placement in the setup. Therefore, it is logical
to put this indicator at the first level of classification of multi-tool setups [31, 32].

Next, it is necessary to describe the types of cutting tools in the setup and its placement relative to the
workpiece and each other, i.e. describe the setup structure itself. The basis of the structure of multi-tool
setup is a set of carriages on which the tools are placed. Therefore, at the second level of classification, there
should be a description of the carriages involved in the setup.

The third level is a description of the actual cutting tools that form the setup.

The introduced three factors describe the type of cutting tools and its location. However, the force effect
of the tools on the workpiece is determined by the cutting forces, the values of which and the direction of
action are determined by another factor — the feed direction. The feed movement refers to the carriage, so it
is advisable to attribute this factor, as an additional one, to the description of the carriage.

In multi-tool setups, it is not uncommon for a cutting tool to be rotated relative to the base surfaces of
the carriage with the help of special holders. Therefore, an indicator of the orientation of the tool relative to
the base of the carriage, or workpiece is introduced.

The classification of multi-tool setups on traditional automatic lathes covers setups where the tools are
working simultaneously. However, modern CNC machines equipped with a tool magazine allow organizing
multi-tool machining with sequential use of tools. Having a single technological base and working from a
common control program, these setups are subject to the laws of multi-tool machining, in the traditional sense
of the term. Moreover, the machining accuracy models make it possible to take into account technological
heredity and reach the design of multi-transition machining. Therefore, it is proposed to expand the concept
of multi-tool setup, including setup both with simultaneous operation of tools and with sequential operation.

Thus, we get 6 levels of classification of multi-tool adjustments (method of mounting the workpiece,
set of carriages, type of cutting tools, types and directions of feed of the carriages, orientation of the cutting
tools relative to the workpiece, method of including tools in the work (parallel, sequential)).

Summarizing the principles of classification of multi-tool setups taking into account the conditions of
modern CNC lathes, it is possible to develop a corresponding classification formula:

}, (1

where Y is the installation method sign; k, is the installation method code; G is the carriage sign; k&, is the
carriage type code; e, is the carriage location; S is the carriage feed sign; k_ 1s the carriage feed type code;
e is the carriage feed direction; Uy, is the cutting tool sign; k_ is the cutting tool code; e, is the cutting tool
orientation; k is the number of cutting tool on this carriage; j is the carriage number at this working position;
i is the working position number; N, is the sign of parallel (simultaneous) operation of the tools described
in square brackets after this sign; ﬂj is the sign of parallel (simultaneous) operation of carriages described
in square brackets after this sign; U, is the sign of consistent development of all working positions.

For traditional multi-spindle lathes, the concept of a working position coincides with the generally
accepted one. With regard to modern multi-tool CNC machines, it is advisable to expand the concept of
a working position. Double-carriage CNC machines equipped with a tool magazine allow to organize a
series of successive elementary setups with the simultaneous operation of several tools. Thus, on a modern
CNC machine, a sequential execution of a set of multi-tool setups, understood in the traditional sense,
can be organized. Since the apparatus of the computational theory of accuracy of multi-tool machining
[31, 32] makes it possible to analyze such a sequence of multi-tool setups, it makes sense to introduce
into consideration a generalized multi-tool setup, which includes a time-distributed sequence of traditional
multi-tool setups with simultaneous operation of several tools. Each stage of the work of such a generalized
setup, related to a separate set of simultaneously working tools, is proposed to be called the position of a
generalized multi-tool setup. Such a sequential inclusion of traditional multi-tool setups is reflected in the
classification formula (1) by the operator U, with index i.

H =Yk, {m {c,-jkc (e0)Syks () {m wk, (e, )}
i k

J
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The filling of the classification formula (1) is provided by a system of codifiers. The codifier of installation
methods can be taken from [35, 36], since the mounting on CNC machines is the same as on traditional
cam-controlled lathes, for which the above classification was developed (Table 1).

Table 1
Codifier of workpiece mounting methods
No Mounting method Code ky
1 In a chuck; in cantilever fashion 0
2 In a collet; in cantilever fashion 1
3 Between centers 2
4 In a chuck with a back center 3
5 Between centers with a steady rest 4

The carriage type codifier should be expanded to take into account the capabilities of modern CNC
machines (Table 2).

Table 2
Carriage type codifier
No Carriage type Code k,
1 Longitudinal 0
2 | Cross feed 1
3 Top 2
4 Bottom 3
5 Rear 4
6 Pivoted 5
7 Compound 6
8 Turret 7

The cutting tool codifier is formed from the list of tools used on the entire group automatic lathes, both
traditional (with cam control) and modern (with CNC and tool magazines) [38].

The feed type codifier for modern automatic lathes has a much more complex structure and does not
fit into the framework of a simple coding table. Firstly, by its nature, feeds can be constant throughout
the transition (parametric control) and variable (functional control). Feed variables are usually specified
as a function of the tool path. Secondly, the feed direction has a decisive influence on the cutting force
distribution pattern.

Basically, feeds are divided into longitudinal (along the axis of the workpiece) and transverse (along the
normal to the axis of the workpiece). This was taken into account in the previous systematics [35, 36], by
introducing feeds §, (longitudinal) and S, (transverse). However, on modern machines, the range of feeds
is much wider. There are pivoted carriages, where the feed is carried out along the direction, oriented in
different ways relative to the workpiece. For example, a pivoted carriage on vertical multi-spindle semi-
automatic machines. When machining tapered surfaces, the carriage turns along the guide and feeds in this
direction. Such a case can be described as a feed in the direction of a given vector e,.

However, machining of the conical surface can be carried out in another way, by adding two coordinate
feeds (longitudinal and transverse). This scheme works on most CNC machines. As a result, to describe
the nature of the feed, it is proposed to use the feed code k, And in a special way to designate only the
functional feed: k = v. If the feed is parametric, the feed type code in formula (1) is omitted.
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The feed direction is given by the direction vector e_. For the convenience of reading the classification
formula (1), it is proposed to introduce special notation for a number of special cases (typical) of the
vector e (Table 3).

Table 3
Special type designations of feed direction vector
No Direction of feed and method of its organization o?tiil%/ircif)?tes
1 Feed along the x-axis (longitudinal) X
2 Feed along the y-axis (transverse) y
3 Feed along the z-axis (tangential) z
4 Feed in the xy plane, perpendicular to the z axis (carriage rotation) ng
5 Feed in the xz plane, perpendicular to the y axis (carriage rotation) ny
6 Feed in the yz plane, perpendicular to the x axis (carriage rotation) nx
7 Feed in the direction specified by the vector in xyz space e,

It should be noted that according to the ISO 84174 and GOST 2359779 standards, the information
about the X, ¥, Z axes presented in Table 3—11 for CNC machines should be interpreted as X=Z7, V=X,
Z=Y. This is because, on CNC machines, the Z axis runs along the spindle axis, while the tool’s transverse
movement occurs along the X axis. Accordingly, the feeds are designated in this manner.

If the feed is formed by adding coordinate feeds, it is logical to describe it through the operation of
combining these feeds. So, the machining of a cone by adding the longitudinal and transverse feeds will be
described as: S(x)NS(y).

As a vector e, characterizing the location of the carriage, the radius vector of the point of the working
surface of the carriage can be taken. Here it also makes sense to introduce a number of special type
designations for this vector (Table 4).

Table 4
Special type designations of the carriage location vector
No Carriage location Carriage example Assignment
£ £ P of the vector e,

X-axis carriage Turret X
y-axis carriage Longitudinal on ATL and HMAL y
z-axis carriage Vertical on ATL z

4 | p-axis carriage Rear on ATL, carriage located on top of B

Y £ dual-carriage CNC machine Y

5 Carrlagg located in the X plane, Carriage with rotation function on VMSL ng
perpendicular to the z axis

6 Carrlag§ located in the y <P lane, Spindle with tools on a CNC machine ny
perpendicular to the y axis

7 Carriage located in the yz plane, Transversal carriage on HMAL, spindle .
perpendicular to the x axis with tools on a CNC machine

8 Carr%age oriented in t.he direction Spindle with tools on a CNC machine e
specified by a vector in xyz space ¢

Vol. 26 No. 4 2024 %
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When organizing multi-tool setups, it is not uncommon when, several tools are mounted on one carriage,
individual tools are rotated relative to other tools due to the use of special holders. For example, two turning
cutters are placed, rotated relative to each other by 180°.

To describe such a situation, the orientation vector of the cutting tool e, is introduced in formula (1).
Here, the vector e, characterizes the direction of the axis of the cutting tool. By analogy with the vectors
of the feed direction e, and the location of the carriage e, in this case it is also possible to introduce special
designations for common typical situations (Table 5).

Table 5
Special type designations for the orientation vector of the cutting tool
No Orientation of the cutting tool Assignment
of the vector e,
1 Along the x-axis
2 Along the y-axis y
3 Along the z-axis z
4 In the xy plane, perpendicular to the z axis nz
5 In the xz plane, perpendicular to the y axis ny
6 In the yz plane, perpendicular to the x axis nx
7 In any direction in xyz space e,
8 Direction of the main component of cutting force from the cutting tool I?;jgfﬁgii t;

Since the rotation of the cutting tool relative to the carriage is rarely used, it is proposed to describe the
orientation of the tool only in cases where this rotation takes place. If the orientation of the tool coincides
with the orientation of the working surfaces of the carriage, the element of the classification formula (1),
which describes the orientation of the tool, is omitted.

The main goal of developing models of machining accuracy in multi-tool setups is to create effective
algorithms for controlling the design process of these setups, assigning cutting conditions that ensure the required
accuracy of all specified dimensions. The structure of control algorithms is largely determined by the type and
number of control parameters. Since the spindle speed during multi-tool setup is the same for all setup tools,
cutting speed is not a direct control factor. It can only be taken into account for each tool. The direct control factor
is the tool feed, of course, taking into account the simultaneous operation of all setup tools.

On machines of the turning group, the feed is set for the carriage as a whole. Therefore, the number of
carriages used in the setup already predetermines the number of given feeds, i.e. number of control factors.
As a result, it is advisable to distinguish three main classes of multi-tool setups: single-carriage, double-
carriage and multi-carriage.

As follows from the classification formula (1), on machines of the turning group, especially modern CNC
machines, feeds are divided into single-coordinate and two-coordinate feeds according to the method of
implementation. Single-coordinate feed is when the feed direction coincides with one of the coordinate axes of
the workpiece being machined. A two-coordinate feed is formed by adding two feeds, each of which is carried
out along its own coordinate. In this case, unlike the first one, we have two control factors (two coordinate feeds).

The main classes of the proposed systematics of multi-tool setups are considered bellow.

Results and Discussion

To create a matrix theory of multi-tool machining accuracy, a set of multi-tool setups was organized
and classified. As a result, a formalized six-level classification is developed, which includes the following
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parameters: the method of workpiece mounting, the set of carriages, types of cutting tools, types
and directions of carriage feeds, the orientation of tools relative to the workpiece, and the method of
tool activation (either parallel or sequential). This classification takes into account the technological
capabilities for organizing multi-tool machining for modern CNC lathes. The main classes of the
developed systematization of multi-tool setups are single-carriage single-coordinate setups, single-
carriage dual-coordinate setups, dual-carriage single-coordinate setups, dual-carriage dual-coordinate
setups, and multi-carriage setups.

The developed classification of multi-tool setups on multi-carriage and multi-spindle CNC lathes
allows for the creation of a matrix model of accuracy for each class, which will undoubtedly be structurally
simpler, as well as a unified generalized model. Therefore, the classification discussed in this work is aimed
at identifying the characteristics of force loading and deformation of the technological system during multi-
tool machining.

The developed systematization of multi-tool setups on turning machines is oriented toward the
development of machining accuracy models and can serve as a basis for creating recommendations for
cutting conditions for these CNC machines. Using this approach, it is possible to systematically solve the
problem of increasing efficiency in designing and developing recommendations on cutting modes for CNC
machines. Since multi-tool machining involves numerous factors, its design inevitably requires the use of
computer technologies. Therefore, the proposed classification of multi-tool setups can serve as a basis for
developing the methodological support for CAD systems for new generation turning operations.

Based on the proposed classification, it is anticipated that a set of matrix models for machining accuracy
will be developed in the future for single-carriage and dual-carriage multi-tool setups.

The main classes of the proposed systematization of multi-tool setups

Single-carriage single-coordinate setups. Single-carriage single-coordinate multi-tool setups based
on a single carriage are used on various types of lathes with cam control. These include automatic turret
lathes, horizontal automatic and semi-automatic multi-spindle lathes, vertical semi-automatic multi-spindle
lathes, as well as automatic lathes for longitudinal profiling and shape-cutting automatic lathes. Such setups
are also used on CNC machines. It can be implemented on carriages of any type (longitudinal, turret, or
transverse). On turret lathes, both the upper and back carriages are considered transverse carriages.

The main feature of this class of multi-tool setups is that all tools are located on a single carriage, and
there is only one control parameter: a specific coordinate feed.

Table 6 presents examples of typical setups from this class. The standard setups are labeled according
to the proposed system (1).

For convenience of work, illustrated setups’ guides have been developed as an appendix to each classifier
(Table 7).

Single-carriage dual-coordinate setups. This type of setup is used on CNC lathes for machining coni-
cal and contoured surfaces. In these setups, the contour feed is formed by summing the coordinate feeds,
such as longitudinal (along the X axis) and transverse (along the ¥ axis). When machining conical surfaces,
the feed remains constant throughout the entire machining cycle, meaning that control is performed para-
metrically.

When machining profiled surfaces, the coordinate feeds are setup in accordance with the changes in the
contour being machined, meaning the control is functional.

These differences are significant when developing control algorithms. It is essential for the accuracy
model that it has two control factors.

Table 8 shows examples of applied setups of this class.

Dual-carriage single-coordinate setups. Multi-tool setups of this type are used on dual-carriage and
multi-carriage lathes. These concerns traditional automatic and semi-automatic turning lathes with cam
control, such as turret lathes, horizontal automatic and semi-automatic multi-spindle lathes, vertical semi-
automatic multi-spindle lathes, as well as automatic lathes for longitudinal profiling and shape-cutting
automatic lathes. These setups are often made on double-carriage CNC lathes.
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Table 6

Elements of the classifier of basic multi-tool single-carriage setups for a longitudinal carriage

Tool

Turning cutter

Chamfering cutter

1

2

Designation of adjustments

Turning cutter

YOCO(»)S(x) [t 1(y) N ip 1(y)]
Y0CO(y)S(x) [t 1(y) N 1 1(=y)]

YOCO(»)S(x)[142(y) Ny 1(p)]

YOCO(»)S(x)[12(y) A 1y 2(y)]

Chamfering cutter 2
YOCO(y)S(x) [t 2(y) Ny 1(-y)] YO0CO(y)S(x)[uy 2(x) N uy 2(x(-y))]
Profile cutter s YO0CO(y)S(x)[uy 5(x) N up1(y)] YOCO(y)S(x)[uy 5(x) N up 2(y)]
YOCO(y)S(x)[uy 5(x) N up1(=y)] YOCO(y)S(x)[uy 5(x) Ny 2(x(=p))]
Drill 12 YO0CO(y)S(x) [ull2(x) Ny l(y)] YO0CO0(y)S(x) [”1 12(x) Ny 2(y)]

YOCO(y)S(x)[112(x) N up1(-y)]

YOCO(»)S(x) [y 12(x) Ny 2(x(-y))]

Table 7

Fragments of the illustrated determinant. Elementary multi-tool setups on a longitudinal carriage

(the part is mounted in the chuck)

Turning cutter

Y0CO ()5 (x)[ 4 (x) A1 (9)]

YOCO)S()[14(x(-3)) 1]

v“m

Ds,
———

[

7
&
)

Ds,
——
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Continuation of the Table 7

Chamfering cutter

Y 0CO(»)S(x) [ 14 (x(-3)) N 1y 2(y) ]

Wide cutter

YO0CO(y)S(x) [ty 4(x) M tp 4 (x(-)) |

Ds,
-

Drill

Y0CO(y)S(x) [ 12(x) Ny 1(y)] Y0CO(y)S(x) [ 12(x) N ur 2(y)]

Vol. 26 No. 4 2024 %
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The End Table 7

Y0CO(»)S(x)[uy12(x) A 1 4(p)]

Ds,
17 -

/I/

(‘J_‘HH
i

Note: Recommended setups are highlighted in red, while possible but not recommended setups are shown in black.

Table 8
Examples of single-carriage two-coordinate setups
Setup name Tool Setup layout
YOCO(y)S(x)[ul7(y)]
Machining an external
cone with a single tool Cutting tools for straight 44 I

using feeds along the
coordinate axes x and y:
S and S

turning on CNC machines

Machining an internal %

cone with a single tool
using feeds along the
coordinate x and y: §_and
S

y

Cutting tools for boring

on CNC machines o 1».
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The End Table 8

Setup name Tool Setup layout
YOCO(y)S(x)[ul8(y)]

TN

Single tool external
profile turning with two
feeds S and S,

Cutters for CNC machines, S A R e B
contour turning

A characteristic feature of two-carriage single-coordinate setups is the presence of two control
parameters — the feed of each carriage. However, these parameters are not equal. The feed of the carriage
on which the tool that forms the considered dimension is mounted is a direct, immediate control factor.
The supply of another carriage, the tools of which form other dimensions, has only an indirect effect on the
accuracy of the considered dimension.

Table 9 shows examples of applied multi-tool setups of this class.

Table 10 shows examples of possible and applicable setups of this class.

Dual-carriage dual-coordinate setups. These setups can be implemented on modern dual-carriage
CNC lathes. In general, machining on each carriage can be controlled by two coordinate feeds. However,
even the presence of such control on only one carriage, along with a second carriage in the setup, catego-
rizes the setups into this class.

Multi-carriage setups. Setups of this class can be carried out on traditional cam-controlled machines:
automatic turret lathes and automatic longitudinal profile turning. It is possible to implement such setups
on modern double-carriage CNC machines, if an additional tool spindle with an independent drive is used.

Table 11 shows examples of possible and applicable setups of this class.

Table 9
Examples of elementary two-carriage one-coordinate setups (the part is mounted in the chuck)
The tool mounted The tool mounted on the longitudinal carriage
on the transverse ] ] _ ] _
carriage Cutting tool for straight turning Cutting tool for chamfering

Cutting tool for
facing surfaces

Ds, ﬁ
YOG, 0(»)Sy (x)[ul(y)] v YOG, 0(»)S; () [u2(y)] v
VY 0G1(1)S) (») [u9(-y)] WY 0C,1(»)S, (») [u9(-y)]
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The End Table 9

The tool mounted
on the transverse

The tool mounted on the longitudinal carriage

Cutting tool for straight turning

Cutting tool for chamfering

carriage
Dsz¢
Chamfering
cutter
Ds,

YOG, 0()S; (x) [ul(y)] v
VY 0C, 1(y)S,(») [u2(-y)]

YOG, 0008 (x) [12(»)]
VY 0C, 1(y)S, (1) [u2(-)]

Groove cutter

Ds,

———

Y0C,0(y)S) (x)[ul(y)] v
WY 0G 1(»)S,(») [ u3(-y(-x)) |

YOG, 0(»)S; (x)[u2(y)] U
VY 0C,1(»)Sy (0 [43(~3(~x))]

Table 10

Possible and applicable variants of two-carriage two-coordinate setups

Tool mounted

Tool mounted on the longitudinal carriage

on the trans-
verse carriage

Straight turning tools used on CNC
machines

Turning tools for boring surfaces on CNC
machines, used for machining contoured surfaces

Cutter for fac-
ing operation

\/\J o

YOG, 0(y)S; (x)[ul7(y)] v
VY 0G,1(y)S, (0) [49(-p)]

YOG, 0(»)S; (x) [ul8(y)] v
VY 0C, 1(y)S,(») [u9(y)]
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The End Table 10

Tool mounted Tool mounted on the longitudinal carriage
on the trans- Straight turning tools used on CNC Turning tools for boring surfaces on CNC
verse carriage machines machines, used for machining contoured surfaces
Ds2| Ds.|

Chamfering U
cutter - o
L] ,ésl l Ds,, =
Ds,, — DSIZI Ds,,
YOG 0(3)S; () [ul 7(3)] YOG 0(7)8; (x) [ul8(y)]
K VY0 1(10)S () [u2(-y)] VYOG, 1(»)Sy (») [u2()]

D _g Ds|

TN

Groove cutter

Ds,,
DZ DS|

YOG, 0(y)S; (x) [ul7(y)] v YOG, 0(»)S; (x)[ul8(y)] v

WY 0C, ()8 (») [ u3(-y(-x)) ] VY 0G1(1)S,(») [ 43 (y(-x))]
Table 11
Examples of multi-carriage setups
Setups layout Designation
Ds, I

=

N YOG, 7(x)S; (x)[ul(y)] v Y0C21(y)Sz(y)(y)[ufS(—y(—x))] v
WY 0C32()(¥) S5 (¥)[u5(»)]

o)
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The End Table 11

Setups layout Designation

YO0C; 7(x)S;(x) [u7 (y)] U Y0C,0(y)S, (x)[ul(=y)] v
YOG 1(»)S3(y) [u5(y)] W Y 0C43(2)S4 (¥)[u2(y)]

YOG, 7(x)Sy (x) [ 12(x) Ny 1(y) | 0 Y 0C,2(2) S, (y)[uS(y)]
WY 0C31()S5 (¥) [y 3(=y) nup 2(=y) ]

Y0C, 7(x)Sy (x) [u5(»)] w YOG, 1(»)S, (y)[u4 (—y(—x))] U
WY 0C32(2)S;5 (¥)[u9(-)]

Ds,

Conclusions

1. A new, multi-factorial systematics of multi-tool setups is developed, taking into account the rich
technological possibilities for organizing multi-tool machining for modern CNC machines.

2. A classification of multi-tool setups is carried out with the identification of the applicability of types
of setups and the formation of setup classes that have a common mechanism for the formation of an error.
The creation of effective algorithms for managing the process of designing these setups is substantiated.

3. The proposed systematization of multi-tool setups on lathes is intended for creating a matrix model
of machining accuracy. The main feature of multi-tool machining lies in the force interaction between the
tools in the setup. Therefore, the classification of multi-tool setups aims to identify the characteristics of
force loading and deformation of the technological system during such machining. This can serve as a basis
for developing cutting condition recommendations for CNC machines.

4. The developed classification of multi-tool setups forms the basis of methodological support for CAD
systems for lathe-automatic operations and serves as the basis for creating CAD systems for new generation
turning operations.
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