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Summary. The method of cutting gear wheel by the Power skiving method is considered and the principle
of creating non-deformed chip when cutting external spur gear is analyzed in detail in this paper. The task of this
investigation is to develop an adequate model of chip formation and to analyze quantitative estimates of
parameters of slices in Power skiving process. In order to solve this problem, complex system of grapho-analytical,
mathematical and computer modeling of this process is developed. It takes into account its kinematics and reliably
reproduces the regularities of cutting-forming processes. The grapho-analytical method developed by I. E. Hrytsai
for worm tooth milling is used to model the parameters of the sections. The continuous movement of cutting and
forming is presented in the form of successive discrete movements of the contour of the tooth, and its linear and
angular positions relative to the processed gear wheel are easily described mathematically. This greatly simplifies
the model and geometric constructions using existing CAD systems, unlike other known methods. In each position
of the tooth, its contour in the front surface is combined with the contours of the teeth, which performed cutting in
the previous positions both along the axial feed and on the helical line. The main condition for the accurate
determination of the parameters of the cuts is the establishment of the shape and dimensions of the surface, which
is formed in the process of steady cutting in each cavity of the gear wheel between the treated surfaces of the teeth
and the raw surface of the workpiece for 1 revolution of the cutter. To investigate the parameters of the slices, the
schematic arrangement of the gear wheel and the cutter is depicted and the process is divided into discrete states.
The results of modeling according to the above mentioned parameters are given in the form of graphic
dependencies: chip cross-sectional area, thickness depending on different axial feeds of the cutter and for different
modules of the gear wheel. The dependence of the change in the geometric characteristics of the undeformed chip
on the position of the cutter is obtained. In further research, it is possible to establish a number of other physical
quantities and their interdependence during gear cutting using the Power skiving method.

Key words: undeformed chip, Power skiving, graphoanalytical method, sliding fracture, chip cross-
sectional area, cutter, legal path.
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Statement of the problem. Technological innovations in the production of gears, such
as Power skiving, brought a new stage in the development of their manufacturing technology.
Due to the increase in productivity and efficiency, this method of cutting the toothed crown has
gained wide application in recent years, mainly due to the possibility of continuous chip
removal. Despite the fact that Power skiving was first described back in 1910 [1], but due to
the increased requirements for the rigidity of the machines, the need for high degree of
synchronization of the rotational movements of the workpiece and the cutting tool at very high
angular speeds, the process was not used for a long time. In addition, there were no suitable
tools available at the time that were able to withstand the elevated temperatures that occur
during the cutting process, all of which precluded the use of this method. Only now, with the
development of machine tools and the acquisition of suitable tool, Power skiving is increasingly
used in modern enterprises.

Today, Power skiving is one of the most effective technologies for cutting spur or helical
gears with external or internal ring gear, which allows you to get the shape of the teeth with

84 ..o ee et ... CorTESPONding author: Andrii Slipchuk; e-mail: andrii.m.slipchuk@Ilpnu.ua


https://doi.org/10.33108/visnyk_tntu
https://doi.org/10.33108/visnyk_tntu2023.0
https://doi.org/10.33108/visnyk_tntu2023.03.084

Andrii Slipchuk

high speed and accuracy. When cutting gears, you can get 7-8 degrees of accuracy of the
toothed crown, which is absolutely sufficient for wide use in various mechanisms, nodes, and
machines. Experimental studies have shown that the process of cutting gears using the Power
skiving method is many times faster than conventional methods of their production. This
technology combines elements of turning and milling, ensuring very short production time and
thus has extremely high performance. In particular, cutting the gear wheel 70 mm wide with
module of 5 mm and which has 26 teeth takes 214 seconds.[2]! Given the importance of this
problem for the theory and practice of dental processing, many scientific schools in Europe,
Japan, and Asia worked on its solution.

Relevance of the topic. In this paper, the method of cutting the gear wheel by the Power
skiving method is considered and the principle of creating non-deformed chip when cutting the
external spur gear is analyzed in detail. Obtaining the parameters of the cross-section of the
chips, which is formed during the operation of the cutter, can be attributed to the most important
characteristics of the Power skiving process. Complete information about the dimensions
(width, length, thickness of the chip, its area) and the shape of the cut layers, their size in
different sections (input, output and upper part) of the tooth at each moment of cutting time, as
well as establishing the regularity of their continuous cyclical change during the rotation of the
cutting tool, serve as the basis for comprehensive reproduction and description of various
interconnected and interdependent deformation and contact processes that occur during the
cutting process of the toothed crown. This makes it possible to analyze thermal and force
phenomena, to establish the amount of friction and wear of the tool. Such processes can be
investigated both in static mode and in dynamic one.

Thus, a number of physical quantities depend on the parameters of the sections:

1. the average value of the cutting force and its fluctuations per revolution of the cutter;

2. friction forces on the front, upper and back surfaces of the blades;

3. kinematic angles that change during the passage of the tool's trajectory during
cutting;

4. the necessary work required to remove the allowance and overcome the friction on
the surfaces of the cutter teeth;

5. heat flows into the body of the tool and the intensity of its heating;

6. wear of cutter teeth and their resistance to operation;

7. transient dynamic processes that determine the regularities of force formation and
cutting temperature on tooth surfaces.

Therefore, detailed investigation of the parameters of the cross-section of the slices
at each moment of time, which can be obtained after cutting the chips with the cutter, can
serve as the basis for comprehensive study of the tooth turning process by the Power skiving
method.

The task of this research is the development of adequate models of chip formation,
quantitative assessment of parameters of slices in the Power skiving process, which is relevant
at the moment. To solve such problem, it is necessary to develop complex system of grapho-
analytical, mathematical and computer modeling of this process, which takes into account its
kinematics and reliably reproduces the regularities of the cutting-forming processes. In this
system, the results of each previous stage form the basis for the next modeling step in the
following sequence: 3D model of the undeformed chip ® determination of parameters of cut
layers ® calculation of deformation and contact intensity parameters ® modeling of cutting and
friction forces ® modeling of heat flows and temperature ® calculation of machining errors and
prediction of wear ® selection of rational cutting modes and structural and geometric
parameters of the disc cutter and coating.

Amalysis of available literature recourses. In the last decade, considerable amount of
experimental research and modeling of the Power skiving tooth cutting process has been carried
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out. With this method of slicing, the authors of the work [3] note the wear of the cutting tool.
The relevant work was focused on determining the undeformed geometry and chip thickness
[4, 5], as well as calculation of cutting force components [6]. Chip deformation mechanisms
were also analyzed using FEM-enabled simulations, where temperatures, strains and stresses in
the cutting tool could also be predicted [7].

Author [8] developed the algorithm capable of calculating the undeformed chip
geometry, represented as a series of two-dimensional chip sections along the axis of the
workpiece. The simulation model was based on the same methodology that was developed in
papers [9, 10] and allowed the calculation of cutting forces using the Kienzle-Victor force
model. In paper [11] the simulation model that was able to predict the optimal parameters of
the gear cutting process was developed. The authors of paper [12] developed geometric model
that made it possible to predict the deviation of the tooth profile. In paper [13] the authors
focused on improving the SPART Apro software they had already created for the manufacturing
process of tooth turning. This software product allows you to simulate the Power skiving
process.

In paper [14] the power parameters of the cutting process were investigated. Papers [15, 16]
are devoted to the investigation of the design of tools and their geometric parameters influence on
power indicators during the processing of gear wheels.

The relationship between tool geometry and technological parameters and cutting
conditions is studied in paper [17]. The effect of coatings and changes in the geometric
parameters of the cutting tool on the cutting process are analyzed in paper [18].

In paper [19], the influence of process parameters on chip thickness and sliding speed is
analyzed, tool wear is analyzed, and the occurrence of chip welding to tool surfaces during the
cutting process is investigated.

Paper [20] provides the approach to computer simulation of the process of chip
formation and calculation of its thickness, as well as the morphology of wheels cut by the Power
skiving method.

However, in the above mentioned papers [3—7], the authors do not take into account the
shape and dimensions of the transition surface, which is formed in the intermediate depression
between the teeth and the tool in the previous axial position of the tool during the feed
movement. It is the shape of this surface that determines the inner surface of the removed chip,
its shape and dimensions.

In papers [8-13], the results of geometric modeling and quantitative parameters of the
chip, in particular, the thickness of sections, their area are not properly used as the basis for
further and deeper research of this process. After all, the majority of various force, contact,
tribological and thermal phenomena depend on their values and laws of change in the movement
of the tool.

A significant drawback of papers [14-20] is the inaccurate reproduction of the
kinematics of the process. The cutting movement is formed by the combination of two
movements — the axial feed and the speed of the main movement, which is given to the tool,
and not to the workpiece, as is customary in the specified papers. As the result, the resulting
velocity vector will be directed at different angle relative to the base surfaces and axes. This is
important for the correct determination of cutting forces, friction and geometrical parameters
of the tool.

Kinematic scheme of the Power Skiving process. Power skiving is continuous
machining process where there is constant contact between the tool and the gear being
produced. The process reproduces the engagement of the gear wheel and pinion in the gear train
(Fig. 1) [21]. The difference is that the cutting tool, in addition to rotary motion with frequency
n, still moves along the axis of rotation of the workpiece Vs and located at angle w to the axis
of rotation of the gear wheel (Fig. 2).
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Figure 1. Overview of the external ring gear cutting process on machining center for the Power skiving process

Cutting speed Vet is created by the inclined angle w between the axis of the gear being
produced and the axis of the tool (Fig. 2). This figure shows the tool pos. 1 (green), which is
located at angle to the crown; both rotate at high speed with proportional frequencies ntand ny.

1 — cutter; 2 — gear blank

Figure 2. Kinematic diagram of the Power skiving

At the scheme (Fig. 2) it is marked: Vi — linear velocity of rotational movement of the
part at the considered point; Vet — the linear velocity of the cup cutter at the point under
consideration; V¢ —the linear speed of the tool movement along the axis of the workpiece, which
coincides with the speed of tooth reduction along the feed axis due to the intersection of the
axes; Vx — the speed of the total resulting cutting motion.

According to this approach, the main movement, that is, the cutting movement, is the
rotation of the cutter, which is combined with the movement of the cutter along the axis of the
workpiece (for spur gear), resulting from the intersection of the axes. Then the resulting cutting
motion that describes vector Vs will be the geometric sum of these two movements. This allows
you to display the kinematics of the process and present the graphic image dependences of the
parameters of the cut on the length of the cutter in usual, orthogonal coordinates and directions
of the axes.

Cutting speed Vcut — is the relative velocity between the front surface of the cutting tool
and the surface of the recess in the workpiece being machined. It is proportional to the angle of
inclination ® between the axis of the tool and the axis of the workpiece (Fig. 2).

Larger bevel angle results in higher cutting speed for the same peripheral speed V. That
is, we can achieve the required cutting speed by reducing the number of revolutions by
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increasing the angle of inclination — larger angle is more advantageous. But in practice, there
are a number of restrictions on the angle of inclination (machine capabilities, mutual location
of the workpiece and the tool), therefore, as a rule, such angle will be taken as 20 degrees, which
Is compromise when cutting by the Power skiving method.

The main cutting edge of the cup cutter is sharpened, it precisely cuts the contour of the
gear wheel during engagement (Fig. 3).

Lutting

edge

a) general view b) 3D model

Figure 3. Typical assembled cutter with mechanical clamping for the Power skiving method

Basics of modeling undeformed chips. We will consider all processes of tooth cutting
in the fixed cut — after cutting, but before the cutter exits, when processing spur gears with
external crown. The regularities of the tooth turning process, cross-sections, and features of the
formation of the profiles of the sections revealed for these conditions can be completely used
for slightly modified conditions: — during cutting in and out of the threading tool and
approximated (with appropriate changes) to the processing of helical gears or the processing of
gear wheels with inner crown.

The grapho-analytical method developed by I. E. Hrytsai for worm gear milling was
used to model the parameters of the sections, the essence of which was as follows [22]. In
cutting and forming methods with complex kinematics, which also includes Power skiving, four
relative movements of the tool and the workpiece take place. Such movements in tooth milling
with the worm cutter are the rotary movement of the cutter (main movement), the rotary
movement of the circular feed provided to the wheel workpiece, the axial movement of the tool
along the axis of the workpiece, as well as the constructive movement of the point belonging to
the helical surface of the worm cutter in the axial direction for the cutter, tangential to the
dividing surface of the gear wheel. Similar kinematics takes place in the Power skiving method,
but the constructive movement of the point on the working surface of the cup cutter occurs due
to the intersection of the axes of the cutter and the gear wheel. The trajectory of the described
movements is described by splines, which are formed in the form of imaginary traces of the
movement of the tooth of worm cutter.

As well as the constructive movement of the point belonging to the helical surface of
the worm cutter in the axial direction for the cutter, tangential to the dividing surface of the gear
wheel. Similar kinematics takes place in the Power skiving method, but the constructive
movement of the point on the working surface of the cup cutter occurs due to the intersection
of the axes of the cutter and the gear wheel. The trajectory of the described movements is
described by splines, which are formed in the form of imaginary traces of the movement of the
tooth of the worm cutter. CAD systems, unlike other known methods. In each position of the
tooth, its contour in the front surface is combined with the contours of the teeth, which
performed cutting in the previous positions both along the axial feed and on the helical line.
The superimposition of these contours and their intersection forms the instantaneous section of
the chip in the given specific position, which is repeated for each subsequent discrete position

88 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (111), 2023 https://doi.org/10.33108/visnyk_tntu2023.03


https://doi.org/10.33108/visnyk_tntu2023.0

Andrii Slipchuk

in accordance with the kinematics of the tooth cutting process. On the basis of these consecutive
instantaneous sections, it is possible to monitor the operation of individual blades, the dynamics
of chip formation, and reproduce its actual shape and dimensions.

Based on this approach Fig. 4 shows the reduction of tooth contours to the axis of
symmetry of this tooth.

Figure 4. The array of tooth contours and construction of the cross-section of the cutting surface formed by this
set during tooth milling with he worm cutter

We will analyze the tooth turning process using the Power skiving method, as one of
the most productive methods at the moment.

Construction of instantaneous cross-sections of slices. The main condition for the
accurate determination of the parameters of the cuts is to establish the shape and dimensions of
the surface, which is formed in the process of steady cutting in each cavity of the gear wheel
between the treated surfaces of the teeth and the raw surface of the workpiece for 1 revolution
of the cutter. Instantly machined surface is formed by the active tooth during «engagementy
with the workpiece. There can be from 2 to 5 of them in operation at any moment — it depends
on the parameters of the gear wheel that is being cut and on the parameters of the tool (module,
number of teeth). When this intermediate surface is next processed (after 1 revolution), the tool
will move down by the amount of feed along the axis of rotation of the gear wheel, and thus cut
the next layer of chips. The cutting process takes place due to the difference in the sliding speed
of the profiles due to the intersection of the axes of the wheel and the tool at a certain angle,
which, when cutting spur gears, is equal to the angle of elevation of the helical line of the cutter.
Within this transition surface, each subsequent cutting cycle in the same cavity continues after
the rotation of the workpiece and movement of the cutter by the value of the axial feed. This
transition surface of the cavity determines the actual shape and dimensions of the instantaneous
section of the cut, which vary uncertainly with the angle of rotation of the tooth, and are
periodically repeated in the machining cycle.

During the axial movement of the cutting tool, each of its teeth moves along the same
trajectory, occupying the same circumferential position relative to the elementary surface of the
cut profile. In other words, due to the rigid kinematic connection between the working
movements of cutting and forming in the tooth turning process, during each cut, the tooth blade
is in contact with the formed profile once during the period of one revolution of the gear wheel,
and the cutting surface of the blade remains unchanged for the given initial conditions. The
periodic contact of each cup cutter (its blade) with the workpiece is combined with the
continuity of cutting and forming in the process of rolling due to the constructive movement of
the cutter, movements of rolling and axial feed.

The chip that is cut by separate tooth of the tool in the process of fixed cutting, that is,
in the intermediate position of the workpiece and the cutter at a certain distance from the end

of the wheel. The cutting area of the tooth will be determined by the angle ¢ turning and
projecting into the end plane of the cutter. begins to form on the angle ¢ in, and completes its
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formation at the angle of rotation of the cutter @ouw, O position — corresponds to the

perpendicular position of the tooth. moving during the given turn along the axis of the wheel in
the feed motion (Fig. 5). Thus, the trajectory of the tooth movement is circular, and not
rectilinear, as presented by most authors who studied Power skiving.

Figure 5. Motion path of the cutter’s teeth in the Power skiving process

To study the parameters of the slices, let's depict the schematic arrangement of the gear
wheel and the cutter and divide the process into discrete states (Fig. 6). These conditions
determine the position of the teeth of the cutter relative to the interaxial perpendicular. t.B1 is
the point that lies on the top of the tooth that cuts into the workpiece and it is located at the

intersection of circles with radii Raz and Raz.

Ra> _ the radius of the circle to the tip of the cutter;

Ra1 — the radius of the circle to the top of the gear;

In the plane of the end of the workpiece, with zero rotation of the tooth relative to this
plane, this tooth is at the distance x from the interaxial perpendicular O10s.

From triangles O1B10 and B:0O, we will find the distance x, which is equal to half the
chord C. For this, we will make the following notations:

C —the length of the chord, which is equal to the distance between the point of insertion
of the cutter and the point of exit from the cutting zone C = 2X;

jin — the central angle between the radius drawn to the cut-in point and the vertical axis
of symmetry (the interaxial perpendicular of the MOP). We can divide this angle into 5 equal
segments before the interaxial perpendicular and 5 after it passage. In this way, we will create
10 discrete positions of the cutter tooth through the corner j= jin /5.

A —wheelbase;

We will find the coordinate of the tip of the tool tooth in each position. For this, it is
necessary to set the value x and y.

x* =R% —y* =R%, —(A-y)
yz _(A_ y)2 + R:z - Ra21 =0
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Figure 6. Scheme for geometric calculation coordinates for the top cutter of the tooth

In order to reproduce the transition surface, which is the principle position of this work, it
is necessary to turn the profile of the cutter tooth relative to the center of the axis of rotation of the
gear wheel Oy to the interaxial perpendicular. In this way, we will get a new placement p.B1 —p.B’1.
In order to obtain the first i- position of the tool blade, we will rotate the triangle O1B10; relative to
p.O1 on the angle b and we will get its new position O1B’10’. And at the next rotation of the gear
wheel, the cutter blade will accept a new one i+ /-the position shifted to angle Dj.

After that, we perform the same action for the displaced tooth of the tool. We will get
shifted contour of the blade, and the difference of these contours will show us the first shape of
the cross section of the undeformed chip. We will carry out such procedures with all discrete
states of the cutter blade, as the result of which we will obtain a set of cuts for the entire chip —
from the beginning of the cutting of the tool to its exit from the cutting zone (Fig. 7).

Simulation results. To study the parameters of the cuts that are formed from two
directions — the axial feed and the rotation of the cutter, we will separate the consecutive
positions. Let's break down the trajectory of the cutter into 10 positions:

- position -5, -4, -3, -2, -1 will correspond to angle ¢ in, where -5 is the cutting position

of the cutter tooth blade in the workpiece. The following positions will correspond to its gradual
approach to perpendicular placement — 0 (Fig. 7 a);

- position 0 — the tooth of the cutter is located perpendicular to the wheel and
corresponds to the middle of the entire trajectory;
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- position -1, -2, -3, -4, -5 will correspond to angle ¢ out, Where -5 is the position of the

blade of the cutter tooth exiting the workpiece. After passing through the middle location
(position 0), the tooth will gradually disengage from position -1 to -5 (Fig. 7 a).

The next cut in this depression will occur through complete revolution of the gear wheel.
During this time, the cutter will move in axial direction by the value of axial feed. Let's carry
out the same procedure for dividing the trajectory of the «cutting path» of the cutter (Fig. 6 b).

Figure 7. Complex of contours cutter of the tooth during cutting in and out at the i-th revolution (a) and i+1
revolution (b)

If we superimpose these two projections on each other, we will get sections of the chip
in each position (Fig. 8).

As the research object, we will choose the cutter, 3-D model of which will look like in
Fig. 5. with the following characteristics: m=5mm, z=24, which cuts the gear wheel z=33.

Figure 8. The array of chip sections obtained during each position of the cutter

The results of modeling according to the above mentioned parameters are given in the
form of graphic dependencies: chip cross-sectional area (a) and thickness (b) depending on
different axial feeds of the cutter and for different modules of the gear wheel (Fig. 9-10);
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Figure 9. Parameters of the cross-section of the sliding fractures by the angle of rotation
of the cutter for 5Smm module
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a) for feeding 0.5 mm/rev b) for feeding 0.25 mm/rev

Figure 10. Dependence of the area of the perpendicular section’s chip on the module
and the position of the cutter

Conclusions. If you analyze the graphic dependencies (Fig. 9-10), you can establish the
following characteristic features:

a) the thickness of the slices is almost directly proportional to the axial feed of the tool.
This trend persists for different gear cutting modules. Thus, by changing the axial feed of the
cutter, we can choose more acceptable feed to avoid zones of «rubbing» — lack of cutting. Such
cases are possible under the condition that the thickness of the section is less than the radius of
the cutting edge of the blade.

b) the maximum slice thickness always falls on the initial position, for different feeds
and modules (Fig. 9 b). Further, the thickness of the chip gradually decreases, although it should
be noted that in the position of the cutter close to MOP (position -2...1 in Fig. 9) it is almost
unchanged,

c) the influence of the axial feed on the thickness of the slice is almost directly
proportional. But the module, as it turned out, does not change the maximum thickness of the
slice. The fluctuation of this value does not exceed 10% for different modules, which turned
out to be unexpected.

d) analyzing the dependence of maximum slice thickness on the position of the
cutter, it can be divided into 3 zones: 1 — a zone of large thicknesses that gradually decrease
(positions -5.. -2) 2 — stable zone. Here, the thickness almost does not change (position —
2..1); 3 —zone of small thickness (position 1..3). In this zone, the thickness is not significant
and it also gradually decreases. As a rule, after the 3rd position of the cutter tooth, cutting
does not occur.

e) if we analyze the areas of sections for different feeds and modules (Fig. 10), it should
be noted that the growth of these values leads to larger areas, which should have been expected.
2-fold increase in the axial feed of the results in similar increase in the cross-sectional area. But
maximum value of the area does not fall on the -5 position, like the maximum thickness, but on
-4. In this way, it increases from the moment the tool is inserted to the -4 position, and then
gradually decreases.
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So, having obtained the dependence of the change in the geometric characteristics
(thickness, length, area, shape) of the undeformed chip on the position of the cutter, in further
investigations we can establish a number of other physical quantities (cutting forces, thermal
characteristics, oscillations) and their interdependence during gear cutting using the Power skiving.
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Modeling of undeformed chip in Power skiving gear cutting process

VK 622.24.051.55

MOJEJIOBAHHS HEJJE®OPMOBAHOI CTPYKKHU ITPU
HAPI3YBAHHI 3YBYACTOI'O KOJIECA METOJOM POWER
SKIVING

Anapii Ciaingayk

Incmumym mexaniunoi inorcenepii ma mpancnopmy, Hayionanonuu
yHigepcumem «J/Ivgiscoka nonimexuixay, Jlveis, Ykpaina

Pestome. Poszenanymo memoo napisyeanns 3youacmoeo xoneca memooom Power skiving ma oemanvho
NPOAHanizo6ano npunyun nodoyoosu Hedeopmosanoi cmpyjicKu npu Hapizy8anHi 306HIUHBLO20 NPAMO3Y0020
8iHYs. 3a80aHHA 0OCHIONCEHHSA — PO3POONEHHS A0eK8AMHOI MOOeNi CIMPYIHCKOYMBOPEHHs md NPOAHANi308AHO
KiIbKICHI oyiHKU napamempig 3pizie y npoyeci Power skiving. /[na eupiuienHs makozo 3a80aHHSA po3poOieHo
KOMNIIEKCHY CUCMeMy 2pa@oananimuiiozo, MamemamuiHo2o i KoMn 10mepHo2o MOOe08aHHs Ybo20 Npoyecy,
de 8paxoeaHo 1020 KiHemMamuky U OOCMOBIPDHO GIOMEOPEHO 3AKOHOMIDHOCMI Hpoyecié pi3aHHsA-
Gopmoymeopenna. [us  mooenioganHa napamempie 3pi3i6  GUKOPUCMAHO 2PAPOaHANiMUYHUL  Memoo,
pospobnenuii I. €. I'puyaem 0ns ueps ’saunozo 3ybogpesepysanns. Henepepsnuii pyx pizanns i popmoymeopenns
npeocmaesieHo y euisoi NOCHO06HUX OUCKPEMHUX nepemiujerb KOHmypa 3yoys, a 1020 NiHIUHI 1 Kymogi
RONOJCEHHS IOHOCHO 0OPOONI08AHO20 3YOUACMO20 KONecd 1e2K0 Nid0aiomvcsa Mmamemamuynomy onucanuio. Lle
SHAYHO CHPOWYE MOOelb [ 2eomempuyni nooyoosu 3 eukopucmanuim icuyrouux CAD cucmem na 6iominy 6i0
[HWUX GI0OMUX MemOoOi8. Y KONCHOMY NOJONCEHHI 3Y0Ysi 11020 KOHMYD Yy NepeOHil NOGEePXHI CYMIUAcmbCs 3
KOHmMYpamu 3y0Yis, AKi GUKOHY8AIU PI3AHHS 8 NONEPEOHIX NOJIONHCEHHAX K NO OCbOBIL N00Ayi, MAK i Ha 28UHINOBIN
niHii. T'0108HO0I0 YMOBOIO MOUHO20 8USHAYEHHS NAPAMEMPIE 3DI3i8 € BCMAHOBIEHHS (POpMU MA PO3MIDIE NOBEPXHI,
AKA YMEOPIOEMbCA 8 NPOYeCi YCMANeH020 Pi3aHHA 8 KOJICHIU 3anaouni 3y0uacmozo Koaeca midc 0opodaieHumu
3Y0yAMU NOBEPXHAMU MA HeoOpOoOIeHOW nosepxHero 3a2omoeku Ha 1 obepm pizaxa. [lna OocnidxceHHs
napamempis 3pizie 306panjiceHo cxemamuine po3mauly8antsa 3youacmozo Koaeca i pizaka ma po30ileHo npoyec
Ha Ouckpemui cmanu. Pe3yibmamu mMoOeno8anus 3a 8KA3AHUMU Guuje Napamempamu HAGeoeHo y 6uasioi
epagiunux 3anexicHoCmell: niowa nepepizy CMpyHCKu, MOSWUHU 3AIEHCHO 810 PIZHUX 0CbOGUX N0OaY pi3aKa i Ois
pisHux Mmooynie 3y6uacmozo koneca. OmMPUMAHO 3ANEICHOCMI 3MIHU 2€OMEMPUYHUX XAPAKMEPUCUK
He0ehopMOBAHOT CMPYICKU 810 NOJIOANCEHHS Pi3aKad. ¥ no0anbuux 00CAI0ONCEHHAX MOAICHA BCMAHOSUMU YU P50
IHWUX QI3UYHUX GeNUYUH MA IX 63AEMO3ANEICHICMb NI0 Yac HApI3yeaHHsa 3y6uacmozo koaeca memooom Power
skiving.

Knruosi cnosa: nedeghopmosana cmpyoicka, Power skiving, epadhoananimuynuii memoo, 3pi3, niowa
nepepizy cmpyjicKku, pizax, OUCKpemue nepemiujeHHs..

https://doi.org/10.33108/visnyk_tntu2023.03.084 Ompumaro 18.07.2023

96 ......... ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (111), 2023 https://doi.org/10.33108/visnyk_tntu2023.03


https://doi.org/10.33108/visnyk_tntu2023.0
https://doi.org/10.33108/visnyk_tntu2023.03.084

