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Purpose. To solve a scientific and technical problem related to the technological support of
high-performance machining of a cast iron part by optimizing and controlling its machinability with
a hard-alloy tool on multi-axis CNC machines using CAD-CAM systems.

The methods. The methodological basis of the work is a systematic approach and analysis of
the study of the object of research, based on the use of: numerical and graphical-analytical research
methods in order to establish a systematic relationship between turning parameters and the
properties of the material being processed, tool geometry and its stability, parameters of cutting
modes with the corresponding indication in the control program for the CNC machine.

Findings. Numerical research results have been obtained for a scientifically based approach to
solving the technical problem of high-performance turning of cast iron parts on multi-axis
machining centers, which contains a set of adjusted methods and algorithms for predicting their
machinability with ensuring the reliability of hard alloy cutting tools. The results obtained were
compared with known works related to the study of machining processes of various grades of steels,
alloys, and cast irons, the assessment of the reliability of cutting tools, the accuracy and roughness
of the machined surface, and the results of measurements of cutting force parameters. The
maximum relative error of the calculations did not exceed 6-8%.

The originality. Establishment of a complete and systematic connection of machining
parameters with the properties of the processed material, tool geometry and design and
technological factors of the part for the calculation of an optimized automated production
technology. In the mathematical and statistical processing of experimental data, which made it
possible for the first time to obtain complex dependencies in a form convenient for calculation and
analysis, which give a clear picture of the effect of each parameter of the turning process on its
energy and time indicators when compiling a rational technology for machining a part of complex
geometric shape in a CAM system.

Practical implementation. It consists in selecting and justifying the optimal geometric
parameters of cutting tools and equipment, establishing the nature of the influence of the conditions
of turning cast iron on the main process parameters - machining time and operating parameters
depending on the hardness of the part material and tool material. Practical recommendations are
given on the optimal use of CAD-CAM systems, adjustment of process results and operating
parameters to obtain optimal results at the stage of production preparation.

Keywords: turning, machine, cast iron, tool material, technology, stability, cutting tool, cutting
modes, CAD, CAM.
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Introduction. Today, it is already impossible to produce modern complex
equipment, which requires high accuracy without computer automation. The sharp
growth of computerization in production and in everyday life is happening all over
the world. The implementation of computer and telecommunication technologies in-
creases the efficiency and productivity of labor.

Nowadays, the rapid development of computer-aided design (CAD) systems is
observed in such fields as aircraft, automobile construction, heavy engineering, archi-
tecture, construction, oil and gas industry, cartography, geo-information systems, as
well as in the production of consumer goods, such as household electrical appliances.
[1, 2]. CAD in mechanical engineering is used to carry out design and technological
works, including works on technological preparation of production. Development of
drawings, three-dimensional modeling of products and assembly process, design of
auxiliary equipment, for example dies and moulds, drawing up technological docu-
mentation and control programs (CP) for machines with computer numerical control
(CNC), database compilation is done using CAD.

Modern CAD and CAM systems are used for end-to-end computer-aided design,
technological preparation, analysis and production in mechanical engineering, as well
as for electronic management of technical documentation.

CAM systems were set up and now have become widespread. However, unfor-
tunately, the first developers of such systems were specialists in programming, pro-
jective geometry and metalworking in the last turn. Consequently, such systems bril-
liantly solve the tasks of designing shape-generating movements for making surfaces
of any level of complexity, but they do not take into account that such a surface is
formed on the machine tool as a result of cutting process, which has force, tempera-
ture disturbance, tool wear, etc.

However, a situation arose when there were opportunities to control the cutting
process in a wide range on the part of equipment, at the same time such such oppor-
tunities are ignored or simply not used on the part of CAM. Such a contradiction is
the driving force behind the further development of cutting metalworking and the
theory of cutting [3].

Work purpose and task statement. We will consider optimal control to be
such an influence on the cutting process that ensures maximum productivity (mini-
mum cost) at any time if all conditions of limitations are met. In this sence, the opti-
mization task is single-criteria and can be solved by classical methods of nonlinear
programming, in other words, optimal control actions can be uniquely identified.
Typically, the control influences mean longitudinal feed on workpiece turnover and
cutting speed and the depth of cutting is considered to be the main disturbance. Thus,
theoretically, for given turning conditions, there are such constant values of longitu-
dinal feed per workpiece turnover and cutting speed that lead to maximum productiv-
ity. However, in practice, none of its parameters remains constant during any cutting
process. This is determined by the continuous change of both external disturbances
and the characteristics of the technological processing system (TPS) [4].

It is necessary to continuously determine new optimal values of control influ-
ences and apply them on the cutting process in order to maintain initial characteristics
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of the process at the optimal level at each moment of time. Thus, optimal control
should be permanent, take into account variable cutting conditions and be carried out
automatically. Industrial control systems that manage feed, cutting speed and some-
times depth of cut are most suitable for meeting such requirements [4, 5].

Regarding the practical application of the optimization process. It is necessary to
analyze the draft of the researched workpiece and the material from which it is
planned to be manufactured. It is also needed to analyze the part design for fabricabil-
ity according to qualitative and quantitative indicators and to provide a description of
the production facility.

It is necessary to make three-dimensional model in the CAD system that will
serve as a digital standard for its further mechanical processing in the CAM system
and calculation of the control program for the CNC machine tool.

The obtained results of optimized cutting modes during turning should be imput
to the interface of a specialized engineering program and obtain the optimal control
program (NC file) for the CNC machine tool.

The main part. The main difficulties in the implementation of optimal
management using closed industrial control system (ICS) are due to the principal im-
possibility of creating productivity or cost measuring device to use it as a feedback
sensor. Therefore, it is possible to optimally control cutting process based only on the
assessment of auxiliary parameters related to to the necessary optimality criterion of
the corresponding a priori mathematical model.

Optimal control, which is implemented by software, is the most rational in mod-
ern CAM systems of technological production preparation. In general, various
approaches based on indirect allowance measurement, temperature of the cutting
zone, rates of tool wear [1, 2] are used to evaluate disturbances and obtain
information about the actual progress of the cutting process in ICS of optimal control.
The method that evaluates the process based on the current section value of the al-
lowance layer that is cut off is the closest to the proposed ICS.

Thus, the software of the ICS of optimal control should have the following
structure (Fig. 1).
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Fig. 1. The structure of the ICS of optimal control

Primary information about the progress of the cutting process, in addition to the
constants that are entered earlier, is obtained from the calculation module of the
current cutting depth, which is connected to the program for controlling shape-
generating movements. Next, the optimal values of the control influences (for
example, feed and cutting speed) are determined according to the optimization
mathematical model of the cutting process. The values calculated in this way are sent
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to the software control module, which produces commands for the corresponding
drives of the machine.

In this way, the main such ISC of cutting process optimization is its optimization
mathematical model, which relates the optimization criterion to the controlling
influences of feed and cutting speed. The controlling influence that ensures maximum
productivity or minimum cost subject to absolute compliance with the requirements
of limitations on the processing quality are found as a result of solving the
optimization task. Criterion of the maximum intensity of allowance removal is
applied depending on the results of technical and economic analysis in addition to
traditional optimization criteria (productivity and cost). Sometimes the task of
achieving maximum productivity or minimum cost at given values of tool life is set
in production.

The development of a mathematical model of the cutting process is the most
important stage of creating an optimization algorithm. With a traditional, classic
approach the mathematical model is built in the form of a system of equations and
inequalities, which express the relationships between the controlling influences,
limitations and accepted optimality criteria based on the classical dependencies of
cutting theory [5, 6].

The cutting mode will be optimal with such a combination of feed and cutting
speed, when the main technological time is minimal for the case of processing by
longitudinal turning in one pass with a constant depth of cut, which is equal to the
machining allowance (ideal case). Such an optimal solution is found by looking for
such integral values of the control influences (feed S and spindle rotoation frequency
n) while satisfying all the limitations that deliver the minimum of the optimality
criterion of technological time to,. Thus, for the case of longitudinal turning, the
optimization mathematical model can be expressed by the following system of
equations and inequalities. The relationship between controls S and n and the period
T of the tool life, which determine its cutting ability, is obtained according to the
dependence known from the theory of cutting:

V_7an _ Clk,

1000 TMHS»
318C, k
Sy (1)
DT H™

where, v — cutting speed, m/min; z — constant value 3.14; n — otation frequency, rpm;
H — cutting depth, mm; T — period of the tool life, min; S — feed mm/rev, m, v, X,
y — correction coefficients for the material, cutting forces, processing modes.

Since all the dependencies that make up the mathematical model are empirical,
it should not forget about the dimensions of the physical quantities included in them.
Usually, these dimensions do not correspond to Cl-dimensions.

In the mathematical model (1), it is necessary to take into account the known
from the practice of processing by tying, depending on the stability of the cutter not
only on the workpiece and tool material but also on the geometric parameters of the
cutting part of the cutter in the plan. Influence of the main and auxiliary angles in the
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plan of the cutter is displayed by known [7] dependencies for the permissible cutting
speed:

Pin (Pmll
Such dependencies are included in the mathematical model of the cutting
process, and their influence on the limitations (1) is carried out due to the coefficient

k,, the value of which is calculated according to specific processing conditions. The
next limitation is in the cutting force Ny, kw:

pxDn  C,h"*S”k,xDn

= = <N_7,
P 1000-6-10* 6-10’ o'’
7
from where ng ¥ < 191 1)? Nem'7. (2)
C,h*k,D

where N¢n, — effective machine capacity in KW; 5 — coefficient of performance; C,, kp,
Xp, Yp — COefficients and indicators of the empirical dependence of the cutting force on
the processing mode and conditions.

The feed allowed by the required roughness of processing, can be determined by
the deterministic component of the roughness profile of the machined surface, which,
in turn, is determined by the geometric dependencies of the waviness formation of the
workpiece surface layer for each of the four possible profiles [7].

Block scheme of research algorithm

To solve such a problem, it is expedient to use a numerical method, which is
built on the interactive principle of approximation with a given step to the solution
according to the algorithm, the block scheme of which is presented in Figure 2.

Such cases are determined by the ratio between the geometric parameters of cut-
ter tip in the plan (main angle ¢, auxiliary angle ¢; in the plan and the radius r of the
cutter tip rounding in the plan) and feed S against the workpiece.

When ¢ < arcsin (S/2r) and ¢1 < arcsin (S/2r) the profile protrusion is formed by
the intersection of the main and auxiliary cutting blades of the tool, when ¢
> arcsin (S/2r) and ¢y < arcsin (S/2r) the profile protrusion is formed by the intersec-
tion of the auxiliary cutting blade and radius part of the tool top, when ¢
<arcsin (S/2r) and ¢y > arcsin (S/2r) the profile protrusion is formed by the intersec-
tion of the main cutting blade and radius part of the tool top, when ¢ < arcsin (S/2r)
and ¢; < arcsin (S/2r) the profile protrusion is formed by the intersection only the ra-
dius parts of the tool tops. Thus, the condition for determining the permissible (by
roughness) feed includes the feed itself, which makes it impossible to obtain the cor-
responding analytical dependence [1].
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Source data: ¢, ¢1 r, [Rz],
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Fig. 2. Block scheme of the algorithm

The following limitations, that is superimposed on the longitudinal feed, is
chosen from the stiffness strength conditions of the TPS. For example, feeding with
maximum force, which is provided by the machine feed drive can be calculated
according to the following dependence:

1

2R, %
(56 ] :[WJ g

The allowable feed is selected as the smallest of the feeds that are calculated
based on the tool strength [S]ass Or by the traction force of the machine feed
mechanism [Sp]agd :

S < min{[Spladd, [Si]ada} (3)

Design limitations which are determined by the capabilities of the metal-cutting
machine:
range of longitudinal feeds:

Smin < S < Smax, (4)
range of spindle rotation frequencies:
Nmin < N < Niax. (5)

It is accepted as an evaluative function based on the criterion of maximum
productivity

f=nS — max, (6)

because at the same time the main processing time t, = L/n — min (where
L — processing length).
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The obtained mathematical model (3) — (6) forms the core of the application
program "Turning optimization" [1], which we will use to optimize cutting modes
during turning.

Optimization of cutting modes during turning

An application program [1] is used to carry out the work, the interface is
presented in Figure 3. Instructions and explanations for working with the program are
contained in the program itself and appear on the monitor screen when the "Help"
button is pressed.

All the calculated limits forming the area D of permissible values of spindle ro-
tation frequency and feed, which corresponds to the output data of the machine pre-
sented on the interface and the cutting process appear in the graphic window of the
interface after program activation, entering the data according to the option and press-
ing the button "Apply data”. This area s formed by the intersection of the following
constraints in Figure 3: 1 — minimum feed, 3 — minimum spindle rotation frequency,
5 — minimum feed on the surface roughness, 7 — tool life limitations, 8 — machine ca-
pacity limitations. Line 9 displays the optimization function for maximum productivi-
ty and satisfies the dependence (6).

Line 9 appears in the graphical window of the interface and is moved in it by the
mouse intersection. To determine the optimal coordinates of the scope of permissible
values, it is necessary to move the mouse so that the line of maximum productivity
was tangent to the top of the scope of permissible values that is the furthest from the
origin and the mouse intersection coincided with this top.

TH OnTumizayia pesxumy pisaHHa Npu TOYIHHI == ﬁ
NapameTpu BepcTaTy ONTUMANBHWIA PEXMUM PI3AHHA
MorysHicTe, kBT 10 WenaricTe pisaHHs, Mixe 1495 NorysHicTe pisanna, kBT 7,540
Makcumanera cuna naaad, H |2300 Mossaoers nogasa, M/se 4000 Crnanosa Pz, H 30237
YacTtoTa ofepTaHHA WhkHAENA, 06/%6
Mikiryna 125 M ak.curym 1600 n. o648
MoBsnosHA Noaasa, MM/ob \
Mikiryra 0.07 M ark.chinayra 0.7 \ \“'./ 9 4
MapameTpu npouecy pisaHua I‘\\
I uBKHE, M 2 AN /
CTilKICTE IHCTPUMEHTY, 8B 60 7
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Huametp geran, mm 50 \ D
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Exit ‘ Help ‘ Feset ‘ ‘ 3acTocysaTu aani |

Fig. 3. The interface of the application program for optimizing cutting modes
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The optimal values of the cutting mode appear in the interface after pressing the
left mouse button, while holding its intersection at the top of the scope of permissible
values. The following components of the cutting mode and its main characteristics
are determined: spindle rotation frequency (952 rpm), feed per revolution
(0.42 mm/rev), cutting speed (149.5 m/min), longitudinal feed (400 mm /min), cut-
ting force (7.54 kW), which is the cutting force P, (3023.7 N).

We pay attention to the fact that according to the accepted criterion of optimality
- maximum productivity — its value can be conveniently estimated directly by the
value of the longitudinal feed.

The research progress for the initial data, which is indicated in the windows of
the main interface of the program in Figure 3, is presented below as an example of
work performance.

It is necessary to create a table of experimental data by determining the range
and step of the change in the cutting depth (table 1) in order to complete experimental
studies on the first three tasks that are performed in the cutting depth function, before
activating the application program. Figure 4 presents the D area state of permissible
values of the spindle speed and longitudinal feed during experimental research ac-
cording to the data in table 1.

n, rpm n, rpm
' N
4 9 4
9
8 6 5
A \ & 72
j < \/_ s
/2 [ ]
D 5 2 B
_— \ 8
; | 2 D \g
L/ 3 ——
/ -
0 S, mpr 0 S, mpr
n=1192.0, rom S-0.420 mpr n=624.0, rom S5-0.306 mpr
a) b)

Fig. 4. The results of determining the optimal cutting mode: a — at the cutting depth
1 mm (n=1192.0 rpm; S = 0.420 mpr); b — at the cutting depth 4 mm (n = 624.0 rpm;
S =0.300 mpr).

The same designations as in Figure 4 are used here: lines 1 and 2 — limitations
on minimum and maximum feed, lines 3 and 4 — limitations on the minimum and
maximum spindle rotation frequency, line 5 — limitation of feed on the given rough-
ness, line 6 — feed limitation by the admissible force of the machine tool feed mecha-
nism, line 7 — tool life limitations, line 8 — machine capacity limitations. Line 9 dis-
plays the optimization function for maximum productivity. It can bee seen that with a
change of the cutting depth, the top A of the scope of permissible values which corre-
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sponds to the optimal (in terms of productivity) cutting mode, is formed by the inter-
section of various limitations. Thus, at a cutting depth of 1 mm, this top is formed by
limitations on tool life and necessary surface roughness, and at a depth of 4 mm, the
top is formed by limitations on cutting force and the maximum permissible feed drive
force. The obtained experimental data that determine the optimal cutting mode for
different values of the cutting depth H are presented in table 2. Graphs of the corre-
sponding dependence, presented in Figure 5, were built based on experimental data
using the Excel package.

Cutting depth, mm

-0

n ——
Fig. 5. Experimental dependencies of the optimal cutting mode from the cutting depth
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Table 1
Experimental data for one technological transition
Ne nl;lm :g% m;r;\;év Neut, KW | Pz, N | Spin mm/min | v, m/min
1 0.5 1320 0.420 2.80 810 554 207
2 1.0 1192 0.420 4.88 1565 501 187
3 1.5 1120 0.420 6.75 2301 470 176
4 2.0 952 0.418 7.50 3011 389 150
5 2.5 768 0.418 7.48 3722 321 121
6 3.0 648 0.418 7.51 4426 271 232
7 3.5 624 0.362 7.51 4600 226 112
8 4.0 624 0.306 7.52 4603 191 112
1400 0.45
1200 > b | "\L\‘ 4 0.4
= 1000 Tk \n 035
5 N B 103 8
g, 800 \‘C 40,25 E
S 600 oL 0.2 .=
= -
S 400 10153
T 1o &
200 10.05
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The analysis of the obtained experimental results (Fig. 5) shows that the law of
optimal control has two zones:

1) optimal processing up to a cutting depth of 3 mm occurs with a constant feed
to the workpiece, but the rotation frequency decreases almost according to a linear
dependence;

2) optimal processing with a depth that exceeds 3 mm is performed with a con-
stant rotation frequency of the workpiece, but the longitudinal feed also decreases
almost according to a linear dependence;

During the experiments it can be seen that the optimal point of the phase plane
n-S is mainly formed by three limitations: stability, force and roughness. Up to a cut-
ting depth of 3 mm, the main limitation imposed on the feed is the limitation of the
required roughness of the treated surface. When the cutting depth increases, the
fourth limitation comes into effect — by machine feed force.

Such numerical values of cutting modes calculations were also obtained with the
classical analytical method of correction in relation to the geometry of the cutting
tool, material and parameters of the part [7-9], the relative error of the calculations
did not exceed 6-8%. This means that the model is verifiable for the adequacy of the
results of the mechanical processing modes in relation to our part "Right bearing
cage" and its geometric parameters.

Further we consistently repeat the procedure of changing the input data for each
technological transition during turning (transverse, longitudinal, boring, groove turn-
ing and cutting). The obtained results are entered in the table 2 where we adjust the
cutting modes for each turning case.

Table 2
Optimized cutting modes of turning operations on a CNC machine tool
F
Operation name D&T‘h’ mm/rg\e/d(’mm/ rSnF;(reT?:jn
cutter tooth)
Radial turning - 0.427 228
External turning (draft) 3.0 0.418 232
External turning (finishing) 0.85 0.162 267
Boring (draft) 2.25 0.281 188
Boring (finishing) 0.25 0.143 241
Internal groove turning 1.15 0.182 215
Workpiece cutting off - 0.221 194

Note. Value of cutting modes during milling, drilling and rifling were not opti-
mized, but were chosen as a weighted average from the range of modes recommend-
ed by the manufacturer and taking into account the passport ranges of the processing
mode of the CNC machine

231



Applied Mechanics, Construction and Civil Engineering

Practical implementation of the obtained results in CAD-CAM systems

It is necessary to study the paramenets of the part, make appropriate conclusions
about linear, diametrical and tolerance sizes in the drawing in order to qualitatively
and correctly approach the assembly of the automated manufacturing process. It is
necessary to analyze from the drawing technical requirements for the part, oughness
and quality of processing surfaces. Also we need to analyze chemical composition
and mechanical properties of the part material, provide a general description of the
research object and carry out a qualitative analysis of fabricability of part design. At
the end of the chapter the part need to be model in three-dimensional form in the Au-
todesk PowerShape CAD-system by size according to the drawing. The part "Bearing
cage" (Fig. 6), that was selected for the example, is part of the gear shift transmission
of the tractor. The shaft in rolling bearing rotates in the middle of the part. The cage
remains stationary after installation in the case.
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Fig. 6. Part sketch "Bearing cage"

Making a three-dimensional model of a part in the Autodesk PowerShape program

Autodesk PowerShape is easy to learn and use CAD system that combines the
capabilities of surface, solid and facet 3D modeling. It has effective functionality for
reverse engineering and recovery of damaged imported data [6-8].

We use this program to make a three-dimensional model of the part "Bearing
cage". With the help of simple lines, simple geometric shapes and curves of the Pow-
erShape interface, we create an object step by step in terms of sizes and proportions,
in scale, perfectly similar to the one on the drawing, which is a technical task for us.

The created model of the part is presented in Figure 7
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- kﬂ' - Autodesk PowerShape Ultimate 2018 - [NEW_MODEL_1 (Mpumep1)]
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Fig. 7. A three-dimensional model in the Autodesk PowerShape program

The method of making of automated processing technology in CAM system

It is necessary to perform a certain sequence of operations in order to make the
correct automated technology of mechanical processing on a CNC machine under the
conditions of using CAD-CAM systems:

— create a three-dimensional model based on a drawing or sketch (technical
task) in the selected CAD system;

— calculate and create a three-dimensional model of the workpiece or use the
functionality of the selected CAM system and calculate it from simple geometric
shapes;

— choose a logical and correct sequence of the part processing route (PPR), tak-
ing into account its geometry, requirements for accuracy and quality, material,
equipment, modes and conditions of part processing;

— select the necessary software-controlled equipment, progressive cutting tool,
facilities and assign cutting modes according to the 1SO standard guides;

— choose a CAM system and make the optimal sequence of operations (techno-
logical transitions) in it using numerical calculations and mode parameters obtained
and described in the list above;

— visualize in 3D mode and on the machine completed process of mechanical
processing of the part, provide clarifications or reactions in technology parameters;
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— make a control program for a multi-coordinated machine tool with CNC after
completing the technology adjustment, using the CAM system;

— save the NC file of the control program in the appropriate format and the
technology project in the CAM system for further correction and transfer of infor-
mation to the CNC equipment.

We import the part model and the interface of the FeatureCAM program, assign
the workpiece sizes, that were calculated in the previous section, set the local
coordinate frame of the part, select in the database the existing post-processor of the
machine and the three-dimensional hybrid model of the MAZAK Integrex 200-1V S
machine, get the following view of a computer experiment on preparation for
technology automation, Fig. 8.
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Fig. 8. The project preparation for automation of the FeatureCAM interface

Consistently, according to the PPR of tables 1 and 2 assign the appropriate
processing operations, choosing the appropriate options from the program interface:
"Turning", "Radial turning", "Boring", "Milling", "Drilling", "Workpiece cutting off".

At the last stage of programming mechanical operations, using the features of
the FeatureCAM program, we create a control program (CP) for a CNC machine and
save it in *txt format. A fragment of the CP from the interface for the machine is

shown in Fig. 9.
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$#152=[#150+$9101]
$#153=[#151+£9102]

Hed ( MAIN SFINDLE, TUENING )
HeS ( FINISH FACE TOPEIL )
H70 GO0 Glg G21 G40 G30 G95
H75 G30 B3 U0. WVO.

HE0 G30 P3 WO.

N85 MO0l ( MAIN SPINDLE

NS0 M202 { MATN TURN MODE }
N85 TOO01.01 TOO02 MO6 ( PCLNR2525-M12 CHMGl20408NR_ICS010 )
H100 &30 B3 U0. WO.

H105 G50 52500 R1

H1l0 G97 5582 M0O4

H115 M248

HN120 G53.5

H125 @00 Z3.0

H130 X2&7.0

H135 G9¢ 5488

H140 X2&69.0 Z-0.85

H145 GO0l X-1.& FO.152

H150 X3.774 Z1.737

HN155 ( MAIN SPINDLE, TURNING )

Hled ( FINISH FACE TOPEIL )

H1e5 G50 52500

H170 G9¢ 5488

H175 GO0 XK269.0 Z1.737 hd

EE Onepaupmm e MaparmeTphl Koo ¥11 ﬁPeauenepxaTenm

Fig. 9. Fragment of the control program for Mazak Integrex 200-1VV S

Exactly from the table 2 we take the adjusted cutting modes and and enter them
into the settings of each technological transition (operation) of mechanical processing
in the interface of the FeatureCAM program (Fig. 10).

CBOWMCTBa TOYEHMSA - TOUYeHKe X
ll TodeHwnel WHCTpyMEHThI Wcnons30BaHKe MHCTpYMeHTa
E| MapamMeTpesl Moaaya/CropocTs COK MenemeHHKIE NOCTANONIBCOONA ToueHue

IMI Pazmepel

;i c HanpagneHue WwWnNuHaens Mpotne UC DBaMEHa
TpaTerna
Ez PazHoe InpTERE
=1 Onepaumn [¥] Nocrosnnan cropocts pesaxus Auanazol UacToT Bpaw. | ABTO i
Tg uepH. CKOpOCTb pe3aHua 232 M MUH 3aMEHa

g TE HKMCT. MaKCHMMaNbHasA CKOpOCTh 2500 ob/mme || 3amena
CKOpOCTH NOAXoAa 1000 06/ MUH D3aMEHa

Mogauwn
[+ nenonsaoaats Mm/ab

Mogaua 0.418 M/ o6 3EMEHE

BpezaHne u oTBOA @ Moaada O YcCKopeHHoe ABHXEHNE

Mogaua epezaHuA M/ o6 D3EMEHE

Mopaua oTeogda 18 MM/ 06 DBaMEHa
[Jnopaua oT HauansHO# TOUKM WA KPHEGH
YCKOPEHHOE Ha KpMBOI

Mogaya Ha Kpueoil T

CBpoc Bcex

Fig. 10. The interface of the FeatureCAM program with optimized modes
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Conclusions.

1. The obtained numerical research results are used for a scientifically based ap-
proach in solving the technical problem of part turning made from pig iron on multi-
axle processing centers containing a set of adjusted methods and algorithms for pre-
dicting their machinability with ensuring the reliability of a cutting tool made of hard
alloys. The obtained results were compared with well-known works related to the re-
search of machining process of various steel grades, alloys and pig iron, evaluation of
the reliability of cutting tools, accuracy and roughness of the machined surface, and
the results of measurements of cutting force parameters. The maximum relative error
of calculations did not exceed 5-8%.

2. The complete system connection of the processing parameters with the prop-
erties of the processed material, the tool geometry, tool material and design and tech-
nological factors of the part on the calculation of the optimized turning technology is
substantiated and established.

3. The performed method significantly simplifies the cumbersome analytical
calculations by classical methods with a lot of correction coefficients and takes into
account the modern geometry of tools, cutting indicators and modes in relation to a
specific part. Moreover it can be adapted to other types of parts, such as rotation bod-
ies of various production branches.

4. Analyzed design features of the part, material and the general characteristics
of the research object is provided, also a qualitative analysis of the manufacturability
of the part design was performed. The three-dimensional model is qualitatively made
in the CAD system.

5. The optimal technology of mechanical processing of the part was developed.
An advanced cutting tool of the ISO standard was applied, equipment for a modern
multi-purpose CNC machine tool. The software implementation and computer exper-
iment based on automated technology of mechanical processing are implemented in
the Autodesk FeatureCAM program.

6. Practical recommendations on optimal use of CAD-CAM systems are privid-
ed, as well as adjustment of technology results and mode parameters to obtain opti-
mal results at the production preparation stage.

7. Completed research allows to simulate absolutely all turned works due to the
use of computer programs in conditions of production shortage of full-scale experi-
ments and distance learning; is also enables to individualize the learning process and
increase the efficiency of the pupil's or student's independent work; makes it possible
to conduct research in such areas of changing parameters that are impossible or dan-
gerous to implement on real expensive equipment.

References
1. Tlerpakos, I0.B. (2006). Jlabopamopro-komniomepnuii npakmuxym 3 meopii pi3anns.
[TomiTexHika.
2. Ilerpaxos, }0.B., Coxans, C.B., ®ponos, B.K. & Kopenbkos, B.M. (2018). Texnonocii popmo-
VMBOPEHHA CYUACHUX CKaaononpoginenux oemaneti: HaeuanvHuii nocionux KIII im. Irops
CiKopchKOTO.

236



Ilpuknaona mexanixa, 6y0i6HUYMBO MA YUBLILHA [HICEHEDIsL

3. Ilerpakos, 10.B., & Maukiscekuii, O.C. (2015). MonentoBanHs (pe3epyBaHHS KiHIECBHMHU
bpeszamu. Bicnux HTYY «KIIl». Cepis mawunobyoysanns, 1(73), 78-83.

4. Tlerpaxos, FO.B. (2011). Pozsumox CAM-cucmem asmomamu3o8anoco npocpamyeaHus eep-
cmamis 3 YIIK: Monoepaghis. Ciukap.

5. Bacwibuenko, S.B. (2019). Mamemamuune mooeniosanns npoyecie pizanns ma pizaibHux iH-
cmpymenmis. [Ipakmuxym. JJAMA.

6. Zhuravel, O.Yu., Derbaba, V.A., Protsiv, V.V., & Patsera, S.T. (2019). Interrelation between
Shearing Angles of External and Internal Friction During Chip Formation. Solid State Phenom-
ena. Materials Properties and Technologies of Processing, (291), 193-203.
https://doi.org/10.4028/www.scientific.net/SSP.291.193

7. Kravchenko, Yu., & Derbaba, V. (2020). Empirical definition of the shearing angle and chip-
edge contact length when cutting. Collection of Research Papers of the National Mining Uni-
versity, 63, 123-133.
https://doi.org/10.33271/crpnmu/63.123

8. Hep6aba, B.A., Ilanepa, C.T. & I'puropenko, B.Y. (2022). Oco6iuBOCTI MEXaHIYHOT 00pOOKHU
3HOCOCTIMKHUX YaBYHIB. 30ipHuk Haykosux npays HI'Y, 71, 217-230.
https://doi.org/10.33271/crpnmu/71.217

9. Ulepb6una, €.10., lep6ada, B.A. & Kozeuxo, B.A. (2022). Kputepii cTiiikocTi pixy4oro iH-
CTPYMEHTY JJI BUCOMIBIAKICTHOI 00poOKHU. 30ipHux naykoeux npays HI'Y, 67, 77-95.
https://doi.org/10.33271/crpnmu/67.077

AHOTANIA
Meta. Po3B'si3aHHS HayKOBO-TEXHIYHOI 3aj1ayi, TOB'SA3aHOT 3 TEXHOJOTIYHHM 3a0€3ICUCHHIM
BHCOKOIIPOAYKTUBHOI MEXaHIYHOI 0OpOOKH JieTaii 3 YaByHa IIJISIXOM ONTHMI3aIlil Ta yrpaBiiHHS 11
00pOOITIOBAHICTIO IHCTPYMEHTOM 3 TBEPIUX CIUIaBiB Ha OaratoriioBux Bepcrarax 3 UIIK, 3a ymoB
Bukopuctanas CAD-CAM cuctewm.

MeTtoauka. MeTOI0JIOTIYHOK OCHOBOIO pOOOTH € CUCTEMHHI ITiJIX1JI Ta aHAJli3 BUBYCHHS 00'€KTa
JOCIHIJKEeHb, 110 TPYHTYEThCS Ha BUKOPUCTAHHI: YHCEIBHOTO Ta rpado-aHAIITUYHOMY METoJax
JOCTIKEHHSI 3 METOI0 BCTAHOBJIEHHS! CUCTEMHOTO 3B'A3KYy NapaMmeTpiB TOUIHHS 3 BJIACTUBOCTSIMHU
00poOIIOBaHOIO MaTepially, TeOMETPi€l0 IHCTPYMEHTY Ta HOro CTIHKICTIO, MapaMeTpaMu PeXHMIB
pi3aHHA 3 BIANOBIJHUM 3a3HAYEHHSM JI0 Kepyro4oi mporpamu ais Bepcrara 3 UIIK.

PesyabraT. OnepxaHi yucelbHI pe3yJbTaTH JOCIIIKEHb /111 HAyKOBO-OOTPYHTOBAHOTO MIIXOY
y PO3B's3aHHI TEXHIYHOI 3aJjauli BHCOKOIPOJYKTUBHOI TOKapHOI OOpOOKH jaeTaynell 3 YaByHy Ha
0araToBiCHMX OOpOOHMX LIEHTpax, 1110 MICTUTh CYKYITHICTh CKOPEIrOBaHHUX METOJIMK Ta aJrOPUTMIB
JUIi  TPOTHO3YBAaHHSA I1XHBOI OOpOOMIOBAaHOCTI 13 3a0e3Me4YeHHsSM HaAIHHOCTI Pi3aJIbHOTO
IHCTPYMEHTY 3 TBepaux ciuiaBiB. OTpuMaHi pe3yiabTaTH MOPIBHIOBAINCA 3 BIJOMHUMH pOOOTaMH,
MOB'SI3aHUMH 3 JTOCIIKEHHSIMH MPOILECIB MEXaHIYHOTO 00pOOIEHHS pI3HUX MapOK CTalel, CIIaBiB
Ta YaBYHIB, OL[IHKOIO HAAIHHOCTI PIKY4YMX IHCTPYMEHTIB, TOYHOCTI Ta IIOPCTKOCTI 0O0poOieHoi
MOBEpPXHI, pe3ylbTaTaMd BHMIPIOBaHb CHUJIOBUX MapaMeTpiB pi3aHHsA. MakcumallbHa BiJIHOCHA
nmoxuOKa po3paxyHKiB He niepeBuIyBaia 6-8%.

HaykoBa HoBHu3HA. BcTaHOBIEHHS MOBHOTO 1 CHCTEMHOTO 3B'SI3Ky MapaMeTpiB OOpoOIeHHS 3
BIIACTHBOCTSAMU OOpOOTIOBAHOTO MaTepiany, TEOMETPIEI0 I1HCTPYMEHTY 1 KOHCTPYKTOPCHKO-
TEXHOJIOTIYHMX YHMHHHUKIB JIE€Tajll HAa PO3PAXyHOK ONTHMI30BaHOi TEXHOJIOT1] aBTOMAaTH30BaHOIO
BUPOOHMITBA. Y MaTeMaTHKO-CTATUCTUYHOMY OIPALIOBAHHI €KCIIEPUMEHTAIbHUX JaHMX, 110 AaJI0
3MOTY BIIEpII€ OJiepaTH KOMIUIEKCHI 3aJI€KHOCTI B 3pyYHOMY JUIsS pO3paxyHKy i aHalli3y BUIJISIL,
AKl JIal0Th HAOYHE YSBJIEHHS IMPO BIUIMB KOXHOTO IapaMerpa Mpolecy TOUYiHHSA Ha Horo
€HEepreTHYH1 Ta 4acoBl MOKAa3HUKHU IpPU CKJIaJaHHI pallioHAIbHOI TEXHOJIOTi MeXaHI4YHOi 00poOKHu
nertani ckiaaHoi reometpuuHoi popmu B CAM cuctemi.
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Ipaktuyna 3HaumMmicTh. [lonsrae y BuOOpi i OOIpyHTYBaHHI ONTHUMAIBHUX T'€OMETPHYHHUX
napaMmeTpax pi3albHUX IHCTPYMEHTIB Ta OCHAIICHHS, YCTAaHOBJICHHI XapakTepy BIUIMBY YMOB
TOKapHOi 0OPOOKH YaBYHIB HAa OCHOBHI IOKa3HUKH MPOIIECY — YaC MeXaHI4HOI 0OPOOKHU Ta peKUMHI
MMOKAa3HUKH B 3QJIKHOCTI B1Jl TBEPIOCTI MaTepiaidy Jaeraji 1 IHCTpyMeHTaabHOTro Marepiany. Hamgani
NpaKTUYHI pekoMeHaamii monxo ontumansHro Bukopuctanus CAD-CAM cucrtem, KopuryBaHHS
pE3yNbTaTiB TEXHOJOTI Ta PeXMMHUX MapaMeTpiB Uil OTPHUMAHHS ONTHMAIbHHUX PE3yJbTATiB Ha
CTajii MiaAroTOBKM BUPOOHUIITBA.

Knwuoei cnosa: mouinnsa, eepcmam, uA8yH, IHCMPYMEHMANbHUL Mamepianl, mMexXHON02Is,
cmitikicms, pigicyuuti incmpymenm, pescumu pizanns, CAD, CAM.
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