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IIpedcmaenena nosa mexnonozis i npuxaaona npozpama 0 aemo-
mamu3zauii npoepamyseanis onepauii pesepyseanns npu eipmyaioHomy
oaszyeanns sazomoexu na cmoai eéepcmama 3 4IIY, xoau mouna ycma-
HO6KA 3A20MO06KU 3a KOOPOUHAMHUM OCAMU 8epCmama YycKiaoHeHd.
Bupiwenns marxoi Hayxko6o-mexniunoi npodiemu 00360711€ UKOHYBAMU
Konmypne (pesepysanns demasnei npu ix 008iIbHOMY POIMAULYBEAHHI
Ha cmoai gepcmama 3 UIIY 3 2apanmoganum 6UpieHI08AHHAM NPUNYCKY
3a mpaexmopieto popmoymeopenus.

Memoouixa nepedbavac nocioosHe UKOHAHHA MPLOX emanie 3 napa-
JEIbHUM BUKOPUCMAHHAM CME0peHoi npuxkaaonoi npozpamu. Ha nep-
woMYy emani 20MyemvCsa eNeKMPOHHA KOnis KpecieHns oemani, aAKka
Micmumob eudijeni pi3HUMU KOJbOpaAMU KOHMYP Oemani i 3a20moeKu.
Taxum wunom, npu ckanyeanui sadenenyemvcsa asmMoMamuHe cmeo-
penns yupposux 060MipHuUx Macusie zeomempuunux oopasie, Heodxio-
Hux 0aa eupiwenns 3agdanns. Ha opyeomy emani 6 cmeopeny npozpamy
8600AMbC BUMIPAHI WYNOM HA 6epcmami KOOPOUHAMU MPLOX MOUOK
3azomoexu. Ha niocmasei é6edenux danux 6 cmeopetniii npozpami eupi-
WYEMbCS 3a60aHHS BUPIBHI08AHH npunycky memodom laycca-3etidens
npu euxopucmanni pozmipnocmi Xaycoopga. Taxuii nioxio doseonse
ompumamu KinoKicuy ouinky nodibnocmi nonizonanviux 06’ckmis, wo
HeoOXiOHo 0na eupimenns 3a0a4vi MIHIMAKCY POIMAUMYBAHHI NPUNYC-
KYy. 3adaua noaseae y susnaueHHi Kopexuyii ynpasasiionoi npozpamu 3a
0éoma NiHIHUMU KOOpOUHAMAMU i 0OHIEIO KYMOBOIO HABKOJIO UeHMPA
Mmac 3azomoexku. Ha mpemvomy emani 6usnaueni 6 npozpami eeauvunu
Kopexuii eeodamoca y cmivxy YIIY eepcmama i nouunaemocs 06po6-
JleHHs KoHmypy.

3anpononoeana memoouxa i cmeopena npuxaaona npozpama oyau
anpob6osani npu o6pobaenni xoumypy oemani na Qpesepromy eep-
cmami VF-3 HAAS. Ilpaxmuuna anpobauis nokazaaa epexmuenicmo
Memooduxu, axa nonseae 6 3abesnevenni Qhpesepyeanis 2apanmosano
0e3 nepesanmaicenns iHcmpymenmy i CKOpoOueHH 4acy odOpodKu npu
sipmyanvHomy 6asyeanns 3a20moexu

Kniouosi crosa: sipmyanvie 6azysanns, ppezepyeanus konmypy Ha
eepcmami 3 UIIY, niozomosxa ynpasnsaiouoi npoepamu
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1. Introduction

It is known that the program for processing any surface of
a part on a CNC machine must be tied to a specific position of
the workpiece in the machining zone [1]. Typically, this prob-
lem is solved in two ways: either the workpiece is installed in
a device that is pre-oriented relative to the coordinate axes
of the machine, or the workpiece is installed directly on the

machine table with the subsequent alignment of its actual
position relative to the axis of the machine.

To implement the first method, it is necessary to ensure
the presence of base surfaces of the workpiece, by which it
is installed in the device, and when such conditions are met,
binding the control program to the actual position of the
workpiece on the machine does not cause difficulties [2].
When it is necessary to perform similar operations for large




sized parts (workpieces), for example, in aircraft manufactu-
ring, shipbuilding, turbine construction, significant difficul-
ties arise. First, the installation of a billet of large dimensions
and mass in the desired position and its alignment takes a lot
of time and effort, which leads to a significant loss of total
time and does not guarantee an optimal (uniform) distribu-
tion of the allowance on the treated surfaces.

Secondly, in case of accidental installation of the work-
piece, to bind its position to the control program, it is
necessary to perform numerous measurements of its actual
position, usually with a contact probe, which also leads to
significant loss of time [3, 4].

In such cases, a promising technology is that the work-
piece is installed on the machine using simple tools, such
as tacks, so that it can process its surfaces in one operation,
and the control program adapts to its specific position. It is
important to ensure the optimal location of the future parts
in the body of the workpiece, for a uniform distribution of the
allowance along the entire path of the tool.

It is important to ensure the optimal location of the
future parts in the body of the workpiece, for uniform distri-
bution of the allowance along the entire path of movement
of the tool. Known solutions to this problem are associated
with considerable difficulties, and it still remains relevant for
solving practical problems of mechanical engineering.

2. Literature review and problem statement

So, to solve this problem, it is necessary to establish
the exact actual position of the workpiece on the machine.
Such operations can be performed using the OMV techno-
logy (On Machine Verification), which Delcam offers [5].
It is reported about the use of «virtual basing», when the
cost of OMV-measurements before the start of milling is
much less than with manual basing, and the control pro-
gram is corrected using special algorithms that are not
disclosed [6]. It is also not indicated whether the deve-
loped algorithms provide such a distribution of processing
allowance, at which the optimization problem presented
in [7, 8] is solved for the case of processing large-sized
cylindrical parts.

Earlier, the authors proposed an adaptive processing
when programming the operations of milling the contours
of parts on a CNC machine in the case of virtual basing of
the workpiece, which is performed as a result of solving
the minimax problem [9]. Moreover, the developed ma-
thematical model allows you to uniquely determine the
position of the workpiece on the machine table by the mea-
sured coordinates of all three of its points. When designing
control programs and for modeling cutting processes in
CAD/CAM systems, the solid model of the workpiece,
the tool path and its geometric characteristics are mainly
used [10]. The use of solid-state models for solving the prob-
lem is inexpedient, and the method of presenting the con-
tours of the workpiece and parts in the form of the proposed
digital models requires complex, time-consuming calcula-
tions, which is an obstacle to the practical application of the
developed software.

Therefore, the scientific and technical problem of pre-
paring a control program for virtually basing a workpiece of
arbitrary shape in order to reduce time and ensure uniform
distribution of the allowance across all surfaces processed in
an operation is relevant.

3. The aim and objectives of the study

The aim of the work is to develop a technology for pre-
paring data for programming adaptive processing by contour
milling, with the solution of the optimization problem by the
criterion of maximum uniformity of allowance during virtual
basing of the workpiece on a CNC machine. To achieve this
goal, it is necessary to solve the following tasks:

— to form an algorithm for creating models of blank con-
tours and parts in the form of two-dimensional digital arrays
and to develop an appropriate numerical procedure;

— to develop a procedure to uniquely determine the po-
sition of the workpiece on the machine table based on the
measured coordinates of all three of its points;

— to develop an algorithm for finding the criterion for the
similarity of the contour of the workpiece and the tool based
on the Hausdorff dimensions;

—to create an algorithm of coordinate descent to solve
the minimax problem of the location of the allowance along
the shaping path;

—to implement all the developed procedures in the ap-
plication program and test the effectiveness of the proposed
technology in practice.

4. Methods and results of the study of the milling
process in virtual basing on the CNC machine

4.1. Problem statement

Automation of data preparation for the design of a CNC
control program for milling involves the creation of a virtual
based application program that can be easily adapted to
production conditions. Therefore, the construction of the
algorithm of the application program, which provides for the
sequential implementation of the three stages is proposed.

At the first stage, digital arrays of geometric models of
workpiece contours and parts are created, which describe flat
geometric contours by two-dimensional arrays of points with
a predetermined step. Moreover, this array should represent
contours both in Cartesian and polar coordinate systems with
a pole, for example, in the center of mass of a flat figure of a part.
At the second stage, the algorithm and, accordingly, the applica-
tion program must allow for the orientation of the digital array
of the workpiece according to the coordinates of the three points
of the real workpiece measured on the machine. And, finally, at
the third stage, an automatic solution of the optimization prob-
lem is performed according to the criterion of maximum uniform
distribution of the allowance. Of course, in practice, after wor-
king with the program, it is necessary, based on the results of the
calculated offsets, to perform the corresponding offsets of the
previously created control program, using standard G-codes.

Further, it is proposed to consider the implementation of
all stages and the software of the created application program
on the example of milling the bracket contour (Fig. 1).

Fig. 1. Bracket



4. 2. Creating models of the contours of the workpiece
and parts

As noted earlier [9], the framework representation of
geometric models is successfully used for computer modeling
tasks for machining parts on CNC machines. This represen-
tation describes flat geometric contours by two-dimensional
digital arrays of points with a predetermined step.

To simplify the procedure of transition from the drawing
of the part to the required type of digital models, a technique
is proposed based on the procedure for scanning a gra-
phic image.

The standard scanning procedure is presented in the
corresponding graphic window of almost any structured
object-oriented programming language, for example, Delphi.
Preparation of the drawing involves some refinement, which
consists in the fact that in any editor the electronic copy
of the drawing is processed manually using the tools of the
editor, highlighting the contour of the part to be milled with
lines of the corresponding color. They also design the contour
of the workpiece and make sure to put a marker line to deter-
mine the real scale of the pattern in the program. The marker
line is applied using dimensional lines of the drawing. When
performing such simple actions, the color of the lines should
be selected using an additive color model (RGB), which
will allow you to uniquely identify the corresponding image
points for scanning,

A drawing prepared in this way, for example, in the stan-
dard Microsoft Word editor, must be copied to the standard
Paint editor and the file in a 24-bit pattern format *.bmp
must be saved.

Next, the created application is used, whose interface is
shown in Fig. 2. In the window you need to write the address
of the saved file and click the Download button. A drawing
image appears in the graphics window with the lines high-
lighted earlier: part contour — blue color (RGB (0, 0, 200)),
designed workpiece contour — red color (RGB (200, 0, 0)),
dimension marker line — green color (RGB (0, 200, 0)).

As can be seen from the figure, the marker line is loca-
ted between two dimension lines (34+34=68 mm) and the
corresponding value is recorded in the program interface
window. Now the corresponding scale will be applied in the
graphic window of the interface and when you move the
mouse, its coordinates in millimeters will be displayed in the
window.

[ Designing the offset of the control program for 2.5 milling

Then, when pressing the button «Scanning», the proce-
dure of scanning the graphic window in all three colors is
turned on with entering the coordinates of the corresponding
points into two dimensional digital arrays: D(x,y) — part
contour, Z(x, y) — workpiece contour. Thus, the discreteness
of the representation of the contours will be one pixel of the
screen, which is quite enough to solve the problem. In this
case, the image of the part and workpiece contours is placed
in the center of the graphics window, and the program per-
forms recalculation of digital arrays representing the part and
workpiece contours in the polar coordinate system, which is
necessary for subsequent manipulations with them.

4. 3. Procedure for determining the position of the
workpiece on the machine table

Windows appear in which you must enter the coor-
dinates of the bases of the workpiece, measured directly on
the machine using a standard three-axis contact probe and
standard commands on the CNC machine tool stand. At the
same time, to determine the position of the workpiece, coor-
dinates of three points not only with a rectangular contour,
but even with any other, open contour of the workpiece are
enough. This is explained by the fact that measurements are
performed on an already digitized contour and its position
on the plane is uniquely determined by the coordinates
of three points, conventionally represented in the form
of the corresponding bases and necessarily present in the
digital array.

After clicking the Apply button, these points appear in
the graphics window and now you can move the contour of
the workpiece in the graphics window in accordance with
the bases actually measured on the machine. The movement
is performed manually using the mouse (pressing the left key
and moving along the X and Y coordinates) and buttons in
the right corner of the graphics window to rotate the contour
around the pole. It is so easy to orient the contour of the
workpiece according to the actual position of the workpiece
on the machine table.

4. 4. Algorithm of search for similarity criterion

When the Go button is pressed, an automatic search
for such a position of the workpiece at which the maximum
allowance along the entire contour will be minimal will be-
gin. To organize a directional search that is optimal by the
criterion of the minimax allowance,
it is necessary to have a quantitative
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Y criterion. Analysis shows that such
a task is like the problems arising
in the quantitative determination
of the similarity of two polygonal
objects. Thus, one of the possible
solutions to this problem is the use
of the Hausdorff dimension, which
allows one to obtain a quantitative
estimate of the similarity of polygonal
objects [11, 12].
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Fig. 2. Application program interface with loaded part drawing

piece. Then the Hausdorff distance is
defined as:



H(Z, D)=max(h(Z, D), h(D.Z)), (1)

where A(Z, D) is the directional Hausdorf distance bet-
ween Z and D; (D, Z) is the directional Hausdorf distance
between D and Z.

Yumpo

A

Fig. 3. To the solution of the similarity problem:
1 — part contour, 2 — workpiece contour

Some of these distances are shown in Fig.3 by the
lines for one point of the set of points of the part contour.
From (1) it follows that this distance is not symmetric at all,
i.e. h(Z,D)#h(D,Z).

4. 3. Algorithm of coordinate descent

Thus, a quantitative estimate of the optimization crite-
rion for minimizing the distribution of the milling allowance
was obtained. Further operation of the program is carried out
in accordance with the algorithm, the enlarged block diagram
of which is shown in Fig. 4.
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Fig. 4. Block diagram of the search for minimax allowance

At the first step (i=1), the initially calculated position
of the part contour is changed by one step at the selected

coordinate, either by the X coordinate, or by the Y coordi-
nate, or by the angle of rotation ¢. Linear movements are
carried out with the pole M(xy, ya), rotation — relative to
the pole (see the arrows in Fig. 3). Further, the array of coor-
dinates of points of the geometric model of the part contour
is recalculated according to the new position D(x, ) and the
procedure for determining the Hausdorff distance H;(Z, D)
is performed according to a separate algorithm presented
in [9]. In accordance with the Gauss-Seidel extremum search
method, the calculated distance is compared with the previ-
ously calculated maximum deviation 3,. This process will be
repeated until the condition H,(Z,D)< 3§, is met. After that,
when £=0, a step is made backward along the variable coor-
dinate and the algorithm changes the direction of the pole
movement. Now, the calculations are performed when ano-
ther coordinate is changed, and the array of the part contour
is recalculated again, and the maximum allowance difference
is calculated. Movement in a new direction is carried out
before the fulfillment of a similar condition H,(Z,D)<3,, and
then the direction of movement changes again. Such cycles
(j is the number of the cycle) are repeated until the condi-
tion §,,, =9, is fulfilled 6 times, which means that the extre-
mum is reached — the minimum of the maximum deviation
of the allowance for processing (Fig. 5).
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Fig. 5. Graphs of the coordinates in the search for an
extremum: 1 — movement on X, 2 — movement on Y,
3 — movement on Fi

As follows from Fig. 5, the optimal values coordinates
were obtained by the program in the process of automa-
tic search for 65 iterations. Such values can be considered
optimal, since they minimize the maximum value of the al-
lowance along the shaping path.

4. 6. Simulation

Fig. 6 shows the program interface after the search for
the extremum of the minimax allowance. The trajectory of
a single point of the part contour is shown when the search
movements are performed in all three coordinates, and dis-
placement values appear in the interface windows that must
be used to adjust the contour milling control program for
such a workpiece base.

When you click the Save button, you can save all auto-
matically made movements in the search coordinates. Using
these data in Fig. 6, graphs of changes in these coordinates
are plotted as a function of the step number approaching
the extremum in the search process in accordance with the
Fig. 4 algorithm. According to the Gauss-Seidel method
of searching for an extremum, after the occurrence of the
condition for changing the coordinate of motion, it changes
one step back. It should be noted that there are cases of such
a mutual arrangement of the contour of the part and the
workpiece, for example, when crossing the contours, when
the search is formally executed, but does not lead to the
desired results.
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were the same for all simulation experi-
ments. Fig. 7, a presents the simulation
results when processing a workpiece ori-
ented along the coordinate axes of the
machine. The graphical interface win-
dow shows the position of the workpiece
and the trajectory of the center of the
cutter, and the areas where the cutting
took place are shown in green and the
idle areas in red. Processing is completed
in 18.5 minutes, with 8 passes around
the part along equidistant paths. The
same interface shows the position of the
workpiece when basing in accordance
with the principle of virtual basing,
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Fig. 6. Search results of contour milling control program offsets

To prevent such collisions, the search algorithm is made
interactive when the final decision is taken by the process en-
gineer. The way out of the deadlock position is carried out by
the forced change of the motion coordinate with a 10 times
change of the search step adopted in the algorithm.

The created program was tested with different values of
the coordinates of the bases, which were entered into the
corresponding interface windows. In the course of operation,
there was always an optimal position of the control program
with respect to the contour of the workpiece.

4. 7. Experimental study of milling in virtual basing

To illustrate the advantages of the developed methodo-
logy, modeling was carried out for milling the part contour
(Fig. 1) at random basing of the workpiece using the appli-
cation program created at the Manufacturing Engineering
Department of the Igor Sikorsky Kyiv Polytechnic Insti-
tute. The machining of the contour of the part with the end
mill &30 mm, Z6, with a feed of 0.1 mm/tooth and cutting
speed of 50 m/min was simulated. For contour processing,
a strategy of its circumvention along equidistant paths
with a distance of 5mm between them was adopted, and
in areas where there was no cutting, an accelerated feed of

£ Simulation of milling x|
T L,

»
L hachining time, min = 18,500

4

& Depth of cuting, mm = 0,000

in a position that is determined by the
measured coordinates of the three points,
as in the above case.

Modeling of the machining, which was performed along
the same paths, showed a significant excess of the specified
depth of cut — in the first pass section, the cutting depth
reached 12.1 mm, which in actual machining can lead to
tool breakage. Reprogramming the control program in the
CAM system, considering the actual location of the work-
piece with the same processing strategy without changing
the reference axes, excludes exceeding the depth of cut, but
leads to an increase in the number of passes to 10, processing
time to 22 minutes (Fig. 7, ).

For experimental verification of the developed techno-
logy on the table of the VF3 HAAS machine, a rectangular
billet was installed in an arbitrary position and secured with
clamps. The measured values of the coordinates of the three
points, which denote the conventional bases, were recorded
in the application program windows, and the correction re-
sults were used to correct the location of the control program.

So, to rotate the CNC machining program at a given angle,
the G68 rotation function was used, and the offsets along
the X=8.8 mm and Y=4.4 mm coordinate were added to the
coordinates of the G54 working coordinate system. The mil-
ling conditions and the machined contour are fully consistent
with those set (Fig. 8).
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Fig. 7. Simulation results of the part contour milling: 1 — blank contour in CAM, 2 — paths, 3 — milling cutter,
4 — blank contour on a CNC machine: a — the blank is oriented along the machine axes, b — the control program is redesigned
in the CAM system taking into account the actual position of the workpiece on the machine



Fig. 8. Processed contour on the machine table VF3 HAAS

5. Discussion of the results of the study of milling
technology in the virtual basing

To machine a part on a CNC machine, it is necessary to
install the part on the machine table and, in turn, base it on
the machine table. To perform the operation of basing, the
workpiece must have the appropriate «<mounting base» sur-
faces, with the help of which it is correctly oriented relative
to the machine or cutting tool. Such a process requires a lot of
time and effort, especially when processing large-sized parts,
which often takes place in the aircraft industry.

With the improvement of CNC machines and contact
measuring devices, it became possible to determine the po-
sition of the workpiece with an accuracy of up to 0.001 mm
on the machine table in a matter of seconds. Due to this, it
became possible to abandon the complex tooling, alignment
and movement of the workpiece on the machine table.

The most important problem of creating digital arrays of
blank contours and parts was solved. A similarity criterion
for geometric models is found, and its numerical value is used
in solving the minimax problem.

The proposed technology allows one not only to «vir-
tually move» the control program to the actual position of
the workpiece, but also to do this in such a way as to maxi-
mize the allowance for processing along the entire trajectory.

The conducted studies using the example of contour pro-
cessing of relatively simple parts showed that the proposed
virtual-based technology allows determining the position
of the part on the machine table even in the absence of base
surfaces. At the same time, there is no need to perform basing
operations, which in turn reduces the time required to install
the workpiece on the machine table, and also does not require
special qualifications of the machine operator. In addition,

the most important task of maximally aligning the allowance
along the entire path of the contour processing is solved.

In the future, the developed technology will also be ex-
tended to 3D processing of complex relief surfaces of machine
parts. In this case, it is possible to use the representation of
a 3D object in the form of a set of 2D contours, for each of
which it is possible to solve the problem according to the
proposed technology and further compromise integration of
such solutions.

6. Conclusions

1. A new method has been developed for preparing a con-
trol program for contour milling, which allows you to bind
a control program to the actual position of the workpiece so
that the maximum allowance value is as low as possible. The
technique is most effective in processing large-sized parts of
complex configuration, when accurate basing and alignment
of the workpiece on the machine cause considerable difficulties.

2. The method involves the implementation of three sta-
ges. At the first stage, an electronic copy of the part drawing
is prepared using standard Microsoft Office programs, high-
lighting the part contour for milling and drawing the blank
contour. The file prepared in this way is loaded into the
graphical window of the application program. At the se-
cond stage, the coordinates of the three base points of the
workpiece installed on the machine table are measured and
the results are recorded in the appropriate windows of the
application program. At the third stage, the control program
is shifted at the stand by the machine according to the design
results and the milling operation is performed.

3. The created software is maximally adapted for practical
use directly in the process of preparing an operation on a CNC
machine. The developed algorithm allows you to automatically
create arrays of geometric models of part and workpiece con-
tours using the image scanning procedure, and interactively
searches for an extremum when solving the task of minimizing
an allowance location using the Hausdorff dimension, which
allows you to quantify the similarity of polygonal objects.

4. Preliminary modeling of possible options for organi-
zing a machining strategy on a CNC machine with virtual
basing shows that without applying the developed technique,
contour milling results in a significant excess of the cutting
depth in some sections of the contour, which can lead to tool
breakage or an increase in processing time. Approbation of
the developed technique for machining the part contour on
a VF3 HAAS CNC machine proves its effectiveness.
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na nideuwenns edexmusnocmi o0pooxu Qpesepysan-
Ham ckaadnux gaconnux nogepxonv (CDII), 3acmocosyromo-
€L 8 OCHOBHOMY Memoou, N06’A3aHi 3 NONINUEHHAM B]ACMU-
eocmeil iHCMPYMeHMAbHOZ0 Mamepiany, IMiHOI0 CKaady ma
sacmugocmell NOBePXHEB020 wapy IHCMpPYmeHmy, HaHeceH-
HAM MOHKONAIBKOBUX NOKPUMMIE, ZHUNCEHHAM UWOPCMKOCML
PO00UUX NOBEPXOHD | NONINUEHHAM YMO8 eKCniyamauii incmpy-
Mmenmy 3acmocyeannuam 30TC.

Buxooauu 3 euwe suxaaoenozo 6 pobomi docaioicenni ma
euKaa0eHi HAYK0BO OOTPYHMOBAHT MeXHIMHI Ma MEeXHON02IUHI
pluenns, aKi nojasealomo 8 po3poodui 108020 6uCoKoepexmus-
H020 cnocody 00pobtKU CKAAOHUX PACOHHUX NOBEPXOHL OUCKO-
eumu padiychumu Qpezamu 3i 360pOMHO-20U0ATLHUM PYXOM
nooaui. [Januii memod o6pooxu 003607s€ nideuuwumu nepiod
cmitixocmi incmpymenmy 6 1,7 pasu i npooyxmuenicmo Ppe-
3epyeanns 6 1,6 paszu, 3a paxynox nocmiinoz0 KiHeMamuiHozo
3CY6y pincyoi Kpaiiku 610HOCHO NOGEPXHI Pi3aHH.

3anpononoeano mamemamuunuii anapam cnocody gpese-
PYBAHHSA 3 NOCMIUHUM 3CYBOM pidicynol Kpatiku. Ananiz danozo
Memooy 3a 00noM02010 HUCAOBUX PYHKYi, 003601UE 6CMAHO-
8UMU AHATTIMUMHI 3ANEHCHOCMI 0N BUSHAUEHHSA MOBUWUHU MA
00’eMy 00unuU“IH020 3pizaemozo wapy.

OcHo6HUI BNTIUE HA BETUMUHY MOBUUHU 3PI3AH020 WAPY HAOAE
nodaua na 3yo6 Sz, a Ha 00caz — KYmM v, WO BU3HAUAE HOPMATLHI
ymosu pizanns. Jlocaioiceno mooenb po3nooiny meniosux nomo-
Ki6 6 piscynomy xaumi 0as cnocody Ppesepysanns 3i 360pom-
HO-20U0ANTLHUM PYXOM NO0adi, W0 6pAX08YE AMNIAIMYOY PYXy,
wo 2o0tidae 3azomoexu. Bcmanoeneno snuscenns memnepamypu
do 330,2...395,5 °C, moomo na 80,6...181,6°C 01a wmamnoeoi
cmaau 9XCi 0o 193,8...285 °C, moomo 56,6...120,2 °C 0 cmanu
45, 6 nopisnanni 3i 3eunainum pezepyeannam. Bemanosneno,
W0 3azavia 00excuna pixcy4oi kpatixu 3oirvuyemocs 6 2,4 pasu,
npu yboMy memnepamypa 3nudcyemocs 8 1,5 pazu

Kmouogi cnosa: ppesepysanns, kinemamuuna cxema pizan-
Ha, pixcyvuil incmpymenm, piycyua Kpaixa, ckiaona gpaconna
nogepxusa, 411y
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1. Introduction of the cutting tool material and, consequently, machining
efficiency. For example, when 20CR13 steel is machined by

Kinematic schemes of surface machining, cutting tool = means of a carbide tool, transition from kinematic schemes
designs and initial tool surfaces directly affect durability — with a continuous cutting process (turning with a cutter)




