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Gears are one of the most common machine parts used for transmitting motion and torque. At the same time,
they are among the medium-complexity parts. The reliability and cost of the finished product depend on the manu-
facturing performance and the quality of the resulting part. Of the various methods of gear machining, power skiv-
ing is increasingly being used by the world's leading enterprises. Over the past few decades, it has become a
highly competitive gear manufacturing process. This is primarily due to advances in tool engineering and im-
provements in computer numerical control machines. This article reviews some of the main topics, including new
tool designs and insights into process kinematics. This article provides a thorough review of literature and trends in
developing new skiving tool designs. It shows a different approach to describing the cutting pattern to the conven-
tional one, which corresponds to the actual kinematics of the power skiving process. During tool operation, the
working, kinematic, or actual cutting angles undergo continuous variation. The magnitudes of these angles are
governed by the direction of the cutting velocity vector rather than by the initial reference planes of the tool. It has
been established that the actual rake angle on the lateral entering cutting edge of a skiving tooth becomes nega-
tive and varies along the entire cutting trajectory, thereby increasing the intensity of shear deformation on this
edge. A similar effect is observed for the clearance angle on the lateral exiting cutting edge, which also attains a
negative value, consequently leading to an increase in frictional forces along the flank surface. The combined
influence of these adverse phenomena results in a substantial rise in the cutting force and, more critically, in ac-
celerated wear at the skiver tooth tips. Each group of skiving cutters was analyzed, with emphasis placed on the
advantages and disadvantages of each tool type. Taking this scheme into account, cutting processes using skiving
cutters with different blade structures and geometries are analysed. The design shortcomings of combined super
Skiving cutters are analysed.

Keywords: Power skiving, kinematics scheme, cutting speed, undeformed chips, gear, tool design, cutting
blade, three-stage tool, cutting angle, clearance angles, skiving cutter, cutter surface, rake angle.

Introduction

Although Power Skiving was patented in the early twentieth century, it remained purely theoretical for
almost 100 years. Although researchers attempted to implement it in production from time to time, they
were unsuccessful. The biggest problems among them were the insufficient rigidity of the machine tool,
the required cutting speed, the lack of synchronisation between the tool and the workpiece, and the insuffi-
cient wear resistance of the tool material. The first successful implementation of the method occurred in
Japan in the 1960s and 1970s, where it was used to manufacture internal gears. In 2011 the first special-
ised equipment was presented at the EMO Hannover international trade fair in Germany. Since then, the
method has been refined and developed to determine the optimal technology, as well as new tool tooth
coatings and designs. Compared to well-known gear machining processes such as hobbing and broaching,
Power Skiving has several advantages. First and foremost is the flexibility of this method, which plays a
key role in modern production in a highly competitive environment. Unlike hobbing, Power Skiving can
be used to cut both internal and external gears. While it comes close to gear hobbing in terms of perfor-
mance, power skiving is a much more versatile method. Gear hobbing is the most common method of cut-
ting internal gears, but the constant idle significantly reduces the process's productivity. Power Skiving is
a high-performance, continuous cutting process that enables the gear to be machined in multiple passes,
depending on the module size. The successful implementation of power skiving in enterprises depends on
the results of research and the recommendations of tool developers, which are of great scientific interest.
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The rapid development and increasing use of Power Skiving in gear manufacturing indicates that the prob-
lem discussed in this article is important.

Literature review

To summarise current trends in the development of the power skiving method, a study focusing on
existing scientific literature was conducted. This was chosen as a means of analysing new mathematical
models and priority areas that could improve and systematise knowledge about this method. As the
analysis of recent literature shows, most scientists are conducting ongoing research into designing tools
for Power Skiving. This paper therefore presents an analysis of their results and new proposed models.

Customers must receive high-quality products at reasonable prices. The quality of a cut gear depends
on various factors, such as the cutting mode, production costs, productivity, and the rate at which the tool
wears down during operation. These parameters are among the most important as they are key to the ap-
plication and dissemination of the gear cutting method. This study will focus on these two issues. Recent-
ly, an increasing number of studies on power skiving have appeared in the literature, either aiming to im-
prove the tool or to understand the kinematics of the process.

Analysis of typical kinematic diagrams of the Power Skiving process. For the mathematical descrip-
tion of any phenomenon accompanying a particular process, an adequate kinematic scheme is required
since the correct assessment of the vectors of the interrelated working movements has an impact on model-
ling the cutting process. Gear hobbing by power skiving, as well as gear milling with worm cutters, is one
of the most complex cutting and shaping processes. Accurately assessing all movements in this process
and their mutual influence is crucial for determining the actual (working) cutting angles, which affect tool
life, cutting force, and other important parameters of the cutting process:

Due to the complexity of power skiving, researchers often make certain simplifications when reproduc-
ing it. One option is to ignore certain elements of kinematics or misinterpret them. Fig. 1 shows the cutting
motion of a power skiving cutter, representing the movement of a tool tooth in a plane close to the direc-
tion of the gear teeth. This is similar to the movement tooth of a worm gear hob or tooth of a disc milling
cutter when cutting a gap.

The authors of [1-4] define the resulting velocity vector as the geometric sum of the linear velocity
vectors of the cutter and the machined gear. Consequently, the direction of the cutting speed is represent-
ed by a vector that coincides with the direction of the axial tool feed (Fig. 1b). This erroneous judgment
leads to an incorrect interpretation of the cutting speed vector. This is clearly shown in Fig. 1b, where the
cutting speed coincides with the axial feed vector. This approach is typical of many authors who describe
this process in their scientific papers, modelling an undeformed chip and determining all the force pa-
rameters.

Rotation of cutter
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Fig. 1 Kinematic diagram for calculating the cutting speed

In another [4], the direction of the axial tool feed is shown to be along the axis of rotation, which is in-
correct. In fact, the tool feed is directed along the workpiece's axis of rotation. A common error among re-
searchers of this process is considering the cutting speed to be the sliding speed (Fig. 2).
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Fig. 2. Schematic representation of velocity vectors in the Power skiving method [4]

Consequently, the erroneous interpretation of kinematics adopted in the above primary sources gives
rise to an incorrect assessment of the cutting force and its impact on the process, and an incorrect determi-
nation of the actual geometric parameters of the cutting tool and friction forces on its surfaces. It also leads
to errors when modelling the volumetric shape of undeformed chips and, consequently, in describing the
phenomena that accompany this process. This includes the distribution of cutting force components and their
impact on elastic vibrations, machining accuracy, friction, heat, and tool wear.

Analysis of the status of new tool designs in the study. Cutting tools are one of the factors that signifi-
cantly impact the satisfactory technical and economic performance of the machining process, including its
accuracy and product cost. This primarily applies to the processes of cutting gears in continuous generation;
the tools used for this process are highly complex. Unlike single-blade tools, they must meet high precision
requirements as well as being highly hard, strong and heat-resistant to resist wear. This significantly increas-
es the cost of such tools, both to purchase and to maintain in good working order throughout their entire
lifespan. Many well-known works cover the problems of studying the power skiving process, cutting forces,
tool life and their dependence on many initial conditions, as well as their impact on the gear cutting process

The significant interest among gear manufacturers in the Power Skiving method as a fast, versatile and
flexible gear-cutting process has led to numerous studies aimed at improving the technology and designing
more efficient equipment. Most importantly, these studies have focused on finding new cutting tool designs
to increase the productivity of this process. Given the challenging operating conditions of the cutter, design-
ing a tool for power skiving is a precise and labour-intensive process that requires special attention to in-
creasing the service life.

An analysis of literature sources shows that most researchers are looking for ways to solve this problem
by changing the cutting tool design or determining optimal cutting modes for relevant equipment. Many
authors highlight the issue of zero or negative clearance angles during gear cutting [5]. This is because fric-
tion occurs between the main flank face of the tool tooth and the newly formed transition surface of the gear,
resulting in heat, increased tool wear and reduced cutter life. Several methods to avoid such situations have
been described in the literature, such as designing a tapered tool tooth profile or adding an angle to the tool
movement.

In paper [6] Stadtfeld investigated the cutting efficiency, chip formation and cutting mechanism of power
skiving for machining spur gears, constructing the tooth profile of the tool directly from cross-sections.
However, these studies lacked a systematic mathematical model for designing and analysing such tools.

Accordingly, the author of [1] proposes their own method for calculating the cutter tooth design (Fig. 3)
in the study.

Chung-Yu proposes a barrel-shaped cutter (Fig. 3). To simplify the calculations, he only considered the
area covering the base of the internal gear tooth and the top of the cutting edge of the cutter tooth. The
main disadvantage of such a tool is its height and bulk, meaning this cutter can only be used for large-
diameter, small-width gears. Unfortunately, the author only provides a mathematical description of the
cutter surface and trajectory, and does not present any experimental results. The work is therefore purely
advisory with regard to the design of new tools.
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Generating surface

Fig. 3. Schematic illustration of the barrel shape of the tool surface [1]

The relationship between tool geometry and operating modes of the equipment was investigated in [7—
9]. By modelling gear turning in a software environment, the authors determined the most effective cutting
mode parameters and optimised equipment settings. In addition, based on the results obtained, they at-
tempted to predict the final geometry of the gear. While the conclusions addressed the challenges of tool
design in Power Skiving, the authors did not present solutions for an improved design; these works were
purely review-based. Significant problems such as the dynamic load on the tool during cutting reducing
tool life hinder large-scale industrialisation of the process, prompting inventors to look for new cutter de-
signs.

To overcome these problems, Mitsubishi Heavy Industries, Ltd. conducted comparative tests between
its ‘super cutter’ and a typical tool used by other companies. The article [9] describes the improvement in
tool design and cutting pattern in the power skiving method. This paper shows the appearance of a conven-
tional power skiving cutter (PSC) and a newly developed super cutter (SSC). The SSC is a tool consisting
of three rows of teeth. The authors first propose dividing the disc cutter tooth by height, using a tool with
teeth corresponding to the lower part of the full tooth for the first pass and a tool with teeth corresponding
to the upper part of the full tooth for the second pass.

While the authors do not indicate the economic effect of their design, it is evident that machining time
was reduced by 40%. For a wear limit of 250 um, SSC stability is 2.3 times higher than PSC stability for a
workpiece with a hardness of HRC 30-35 and 1.4 times higher for HRC 35-40.

Guo et al. proposed even more rows in [5] when developing a newer tool. The proposed cutter (Fig. 3)
consists of four rows of teeth arranged one above the other. The operation of the tool teeth begins with the
first row, which has the smallest dividing diameter. Then, the teeth of the second row cut into the prelimi-
nary transition surface that has been formed, and so on until the teeth of the fourth row begin to cut, ac-
cording to the broaching principle.

During the experimental studies, several problems arose. Firstly, the cutter teeth are perpendicular,
which creates new depressions as the tool is positioned at an angle. Secondly, the load on the tool increas-
es significantly, which endangers both the tool and the equipment. The author himself notes that it is nec-
essary to reduce the feed rate significantly. Additionally, the resulting gear is less accurate when hobbing
with such a cutting tool, as is mentioned in the paper.

So, as we can see, the authors investigated the Power Skiving process for various gear cutting applica-
tions, primarily focusing on tool improvement or determining optimal cutting conditions [10,11]. Authors
[12] based their final conclusions on experimental data or geometric modelling of the process.

Materials and Methods

The proposed kinematics of the power skiving process. In the Power Skiving process, the direction of the
cutting movement is determined by the inclination of the front surface of the tool teeth at an angle of 20°—
40° to the tool's axis of rotation. Cutting in the axial feed direction occurs due to the tool's rotation. The main
cutting motion is the rotation of the cutter and the derivative of this motion is the axial feed movement of the
front surface, which serves only as structural movement. A similar effect can be observed in hobbing. Here,
too, the linear movement of a point on the helical surface of the worm in the axial direction of the cutter is
the result of the worm cutter's rotation. This constructive movement is necessary for the cutting process.

Additionally, axial feed is an auxiliary motion that makes the Power Skiving process continuous. It is
performed on the overlapping segment of the gear and tool. Therefore, the resulting cutting speed is the vec-
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tor sum of the tool's rotational speed (Vi.01), the front surface speed in the axial feed direction (V5,) due to the
crossing of the axes at an angle of w, and the tool's rotation. Take into account the speed of the tool along the
gear's axis of rotation, realised by the axial feed V. (even if this speed is small in comparison with the oth-
ers).

It is not difficult to establish the value of the parameter ¥}, which is defined as m/min. Given that the axial
feed rate is approximately 0.5 mm/rev (depending on geometric dimensions, material, etc.), this component
is of little importance. The proposed kinematics of the power skiving process, corresponding to this approach
and explanation, are shown in Fig. 4.

According to the compiled kinematic scheme, the velocity component V), is equal to: . As can be seen in
Fig. 4, this component is the only one that coincides with the direction of the axial feed. Consequently, the
cutting speed vector V., is directed at an angle of y with respect to the gear speed vector Ve, and the front
surface of the cutting wedge. According to this interpretation, it is only necessary for the linear axial velocity
of the workpiece to match the speed of the tool's main motion. This describes the auxiliary motion and does
not significantly affect the cutting speed.

Fig. 4. The proposed actual kinematic scheme of the power skiving process,
taking into account all the cutting movements

By determining the direction of the cutting speed, which is directly dependent on the angle y, the actual
working angles of the skiving cutter can be established, as well as the shear cutting conditions on all blades.
It is important to distinguish between static or tool angles, which are obtained as a result of tool manufactur-
ing, and working, kinematic or actual angles. Once the tool is mounted on the machine, these angles change
during operation — these are the working, kinematic or actual angles. The value of these angles depends on
the cutting speed vector rather than the tool's reference planes. Consequently, the real rake angle at the side
leead blade of the skiving tooth becomes negative and changes along the entire cutting path. This will lead to
an increase in shear intensity on this blade. A similar situation is observed for the rack angle on the original
side blade, which is also negative. This leads to an increase in friction on the flank surface. These two harm-
ful processes cause a significant increase in cutting force and, worse still, intense wear to the tips of the cut-
ter tooth.

In the stationary case during gear machining, each tooth of the tool cuts under the same conditions; this
is not the case with a worm gear hob, where each tooth along its active helical length cuts under different
conditions. The performance of a worm cutter tooth is always variable and never repeatable. From this point
of view, it is easier to model the cutting process in the Power skiving process

A detailed review and derivation of a 3D model of an undeformed chip being cut in a hollow is provided
in [13] for various cases. In [14], the operation of different blades of a skiving cutter tooth is characterised.

The presented kinematic diagram (Fig. 5) confirms some of the authors' assumptions and modelling re-
sults. The geometry of the skiving cutter blades significantly affects the gear cutting process by changing the
conditions of plastic deformation, friction, and contact on their front and rear surfaces. When designing new
skivers, this factor should be taken into account, and the negative phenomena described should be avoided as
much as possible.
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Fig.5. Three-dimensional model of undeformed chips during complete machining in one pass in different views

Results and Discussion

The influence of tool structure and geometry on the gear cutting process. Based on the results obtained,
we will analyse how the parameters of various tools affect the Power Skiving method. A significant number
of different types of skiving cutter have been developed and are already in use in production, as described in
the review. These cutters are classified by purpose and differ in terms of the geometry of the cutting part,
design, material and coatings, and method of attachment. Skivers are usually either solid or made of prefab-
ricated inserts with replaceable inserts, as is typical for most cutting tools. Both types of tool have a positive
back angle on the apex blade of the skiving tooth.

Fig. 6 shows an example of such a common tool: a solid straight-tooth cutter (Fig. 6a) for manufacturing
helical gears, and a helical cutter with a sloping front surface and a positive front angle (Fig. 6 b).

a[15] b[16] c[17]

Fig.6. Solid spur cutters with positive rake for helical gears (a), universal helical cutter with oblique face (b)
and cutter with inserts (c)

As confirmed by the literature, a tapered cup cutter is preferable for the cutting process. The advantages
of a prefabricated cutter with interchangeable inserts that has positive front and rear angles (see Fig. 6. c) are
the same as those of any other prefabricated tool, such as a cutter or milling cutter. Although this cutter is
more expensive, it only requires inserts to be replaced when they are worn out. It can be used to cut both
helical and spur gears. The positive front and rear cutting angles, together with the inclination of the front
surface relative to the linear speed vector of the cutter's rotational motion, enable an oblique cut. These are
the most favourable conditions for the cutting process.

The cutter in Fig. 6c¢ is designed for cutting helical gears, in which case the cutting angle is formed when
the axes of the workpiece and the tool intersect. As can be seen from the kinematic diagram in Fig. 4, with
this structure, the tool has no V,, component of the cutting speed and the cutting process is performed solely
by axial feed (i.e. V}). In this case, productivity will be low.

As can be seen in Fig. 7, the disc cutters have a positive back angle and a zero front angle on the apex and
side blades. This means that they operate with slightly higher cutting forces and energy consumption than the
cutters analysed above. Solid cutters (Fig.7 b) are cheaper to manufacture, but have lower cutting perfor-
mance than cutters equipped with replaceable inserts made from materials with higher cutting properties.

Cylindrical cutters with parallel or inclined teeth are used for finishing. This is because these tools reduce
the error in the gear being cut by ensuring that the direction of the gear tooth coincides with that of the tool
teeth. The tool's tooth contour is involute and symmetrical, but elongated, which reduces the influence of
profiling on the error of the gear's teeth. The skiving cutter shown in the figure has a positive rake angle on
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the apex blade. This cutter design ensures that the original geometry — the leading angle — is maintained
even after the tool teeth have been resharpened along the front surface. As a result, the cutter is reusable due
to its large tool width. These cutters are only suitable for helical gears as the cutting angle can only be
achieved in this case. This design also eliminates the cutting speed component — the V,, vector. Therefore,
increased machining accuracy comes at the expense of productivity, with finishing operations carried out at
low feeds. This operating mode is particularly harmful to the tool because the chip width is small (equal to or
approaching the radius at the top of the cutting edge), meaning that no significant cutting occurs along the
trajectory. The cutting edges of a tool tooth are subjected to significant frictional forces, temperatures, and

plastic deformations.
‘ | -I‘l .- .
a[18] S ‘

Fig.7. Spur cutter (a) and helical cutter (b)

High performance cutter designs. In order to increase the efficiency of the process, non-standard multi-
row cutters are being developed, examples of which are shown in Figure 8, which are defined as "super skive
cutters". Such designs aim to reduce the number of passes by sequentially operating tool teeth at different
heights and levels. The developers expect that they will make it possible to machine a gear in a single pass.
The teeth of the first level, which start cutting, have the lowest height, which increases with each level and
corresponds to the full height of the tooth crown profile at the last level. It is assumed that the teeth that start
the cut form a shallow flute and the higher teeth continue to cut in this flute as the tool moves in axial feed,
increasing the size of the flute and approaching full tooth height at the exit. This should evenly distribute the
oversize between the teeth, reduce the cutting force and cut the gear in one pass.

Analysis of these tools shows the following. Firstly, as mentioned above, cutting in power skiving is per-
formed with a rotational movement of the tool and gear, so the distribution of the oversize, as shown in Fig.8
[2] does not correspond to the actual process. Such a schematic refers to flute cutting with a disc cutter and is
not applicable to rolling gear milling.

a b c

Fig.8. Conical skiving cutters with helical teeth (a) and straight teeth (b) and cylindrical skiving cutters (c)

Secondly, in the case of conical skiving cutters (Fig. 8a), the teeth of all planes have the same angular
pitch. At the same time, these teeth will have different circumferential pitches (in mm of arc of the circle)
because they are formed on different tool diameters. This means that these teeth will have a different modu-
lus, which means that on the gear cut with such a tool, teeth of different modulus will be formed at different
heights, with different circumferential pitches. In this case, at best, there will be an uneven distribution of
oversize on the higher teeth, but in reality the depressions formed by the lower teeth will extend beyond the
cutting zone of the higher teeth.

The main difference in the tool in Fig. 8c is that the teeth are on a cylindrical surface rather than a conical
surface and have a common outside diameter. Despite the different heights, all the teeth have the same cir-
cumferential pitch. When cutting with a gear, the gear gradually forms depressions and tooth profiles with
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the same circumferential pitch as the depth of cut gradually increases. However, in order to cut with teeth of
different heights, such a cutter must have an additional inclination in another plane, which makes profiling
very difficult and increases its cost.

Another approach to the separation of the allowance between individual teeth, which is eliminated
by the hollow, is shown in Fig. 8. [2]. Here, a three-stage tool is proposed in which the rough teeth are sepa-
rated by the height of the tooth profile. The idea of such a tool, which consists of cutting the upper and lower
parts of the gear teeth separately in two passes, has been implemented on worm cutters for the production of
8 and 10 mm module traction gears.

In general, in addition to the above-mentioned disadvantages of the "super skiving cutter" designs, all of
them have in common high cutting forces, especially when machining large-width gears. In addition, when a
superior tooth starts to cut, it comes into contact with the workpiece at a larger diameter, where a cavity is
still being cut, causing significant shock loads.

Conclusion

A new interpretation of the cutting pattern in the process of machining gears by the power skiving meth-
od, based on the real kinematics of this process as a set of circular motions, i.e. rotation of the tool and the
workpiece, has made it possible to determine the value and direction of the cutting speed as the resulting
vector of circular and translational motions

The total cutting speed vector is important for the correct evaluation of the process, because after the
skiving cutter is installed on the machine, it receives other angle values that characterise the geometry of its
blades, which are defined as real or working angles. The value of these angles is determined by the position
of the corresponding surface relative to the cutting speed vector and not by the base surfaces of the tool. For
example, if the cutter has a tooth angle of 20°, the total cutting speed vector will be at an angle of 36° relative
to the end of the gear being cut. The working angles of the cutter's blades have a significant effect on the
machining process, increasing the intensity of shearing during cutting and the friction on the front and back
surfaces of the teeth.

This approach made it possible to identify the peculiarities of gear machining with different types of
skiving cutters currently used in production. In particular, a number of negative phenomena were identified
that occur when using "super skiving cutters" - possible displacement of the recesses in relation to the con-
tour of the cutters at different levels, an increase in the cutting forces and impacts at the moment of cutting in
the teeth at each level. The analysis of the standard cutters showed their positive and negative characteristics
and provided the basis for recommendations for their improvement.

REFERENCES

1. C. Y. Tsai, “Power-skiving tool design method for interference-free involute internal gear cutting”, Mechanism and
Machine Theory, Vol. 164, pp. 104396, 2021. DOI:10.1016/j.mechmachtheory.2021.104396.

2. Y. Yanase, J. Usude, K. Ishizu, T. Kikuchi, M. Ochi, “The latest gear manufacturing technology for high accuracy and
efficiency”. Mitsubishi Heavy Industries Technical Review, Vol. 55, No 3, pp. 1-7. 2018

3. T. Nishikawa, S. Shimada, G. Kobayashi, Z. Ren, N. Sugita, “Using Power Skiving to Increase the Efficiency and Precision
of Internal Gear Cutting”, Komatsu Tech. Rep., Vol. 64, Nol71, pp. 1-7. 2018.

4.  F.Klocke, C.Brecher, C.Lopenhaus, P.Ganser, J.Staudt, M.Kromer, “Technological and Simulative Analysis of Power
Skiving”, Procedia CIRP. Vol. 50, pp. 773-778, 2016. DOI:10.1016/j.procir.2016.05.052.

5. E.Guo, N. Ren, X. Ren, C.Liu, ,,An efficient tapered tool having multiple blades for manufacturing cylindrical gears with
power skiving”, The International Journal of Advanced Manufacturing Technology, Vol102, pp. 2823-2832, 2019. DOI:
10.1007/s00170-018-03239-z.

6.  H. J. Stadtfeld, “Power skiving of cylindrical gears on different machine platforms”. Gear technology, Vol. 31, No 1, Pp.
52-62.2014.

7. Hihsam, A. “Modellbildung und experimentelle Untersuchung des Wélzschilprozesses”. Institut fiir Werzeugmaschinen
und Betriebstechnik, Universitdt Karlsruhe, 2002 (in German)

8. D. Spath, A. Hiithsamet, “Skiving for high-performance machining of periodic structures”, CIRP Annals. Vol. 51, No 1, pp.
91-94, 2002. DOI:10.1016/S0007-8506(07)61473-5

9.  E. Nagata, T. Tachikawa, Y. Nakahara, N. Kurita, M. Nakamura, D. Iba, I. Moriwaki, ”Gear skiving for mass production”,
In The Proceedings of the JSME international conference on motion and power transmissions, pp. 02-13, 2017.
DOI:10.1299/jsmeimpt.2017.02-13.

10. Z. Fang, Z. Ren, L. Shu, T. Kizaki, N. Sugita, “A parametric modeling for fast radial infeed planning process in gear
skiving”. Mechanism and Machine Theory. Vol. 174. pp. 104909. 2022. DOI:10.1016/j.mechmachtheory.2022.104909

11. K. Huang, J. Yu, J. Wang, C. Zhang, L. Wan, “A vectorization model to closed-form solution for cutting forces prediction
during face-hobbing of hypoid gears”. Mechanism and Machine Theory. Vol. 173. pp. 104824, 2022.
DOI:10.1016/j.mechmachtheory.2022.104824.

12.  A. Antoniadis, N. Vidakis, N. Bilalis, “A simulation model of gear skiving. Journal of Materials Processing Technology”,
Vol. 146, No 2, pp. 213-220, 2004. DOI:10.1016/j.jmatprotec.2003.10.019.

94


https://doi.org/10.1016/j.procir.2016.05.052
https://doi.org/10.1016/j.mechmachtheory.2022.104824
https://doi.org/10.1016/j.jmatprotec.2003.10.019

ISSN 2415-3486. Bichux mawunobyodysanns ma mpancnopmy Nel(21), 2025

13. A. M. Slipchuk, “Cymulyatsiya protsesu power skiving dlya narizannya vnutrishn’‘oho zubchastoho kolesa z
modelyuvannyam nedeformovanoyi struzhky” [Simulation of the power skiving process for cutting an internal gear with modeling of
undeformed chips]”, ISTCIPA. Vol. 57, pp. 46 - 58, 2023.[in Ukrainian]. DOI:10.23939/istcipa2023.57.046.

14. L Hrytsay, A. Slipchuk, M. Bosansky, “Justification of the choice of parameters for the gear power skiving operation based
on computer simulation”. Journal of Mechanical Engineering—Strojnicky Casopis, Vol. 73, No. 2, pp. 33-44, 2023. DOI
10.2478/scjme-2023-0020.

15.  https://www.dvs-technology.com/en/pittler/pittler-skiving/skiving-tools Accessed on: December 19, 2025

16. www.sandvik.coromant.com/en-us/press/power-skiving-solution-2-3-times-faster-than-gear-shaping.. Accessed on:
December 19, 2014

17.  https://pws-tools.com/power-skiving-tools?135794241711=1. Accessed on: December 19, 2014

18. https://franchigaetano.it/en/gear-cutting-tools/power-skiving-tools/cylindrical-power-skiving-tool/. Accessed on: December
19,2014

19. https://www.supercuttingtools.com/power_skiving_cutters.html. Accessed on: December 19, 2014

Slipchuk Andriy — Ph. D. (Eng.), Associate Professor, Associate Professor of Department of Robotics and
Integrated Mechanical Engineering Technologies, https://orcid.org/0000-0003-0584-6104. e-mail:
andrii.m.slipchuk@Ipnu.ua

Lviv Polytechnic National University, Lviv

A. M. Ciainuyk

AHaJII3 KOHCTPYKIIII iIHCTPYMEHTY Ta KIHEMATHUKHU NPH 00poOIeHHI
3y04acToro koseca Meroaom power skiving

HauionaneHuii yHiBepcureT ”JIbBiBChbKa MONITEXHIKA”

3ybuacmi Koneca € 00HUMU 3 HalnowupeHiwux Oemarnel MawuH, SKi eukopucmosylombcs 0ns nepedayi pyxy ma
KpymHo20 mMomeHmy. B 00HO 4ac, 80HU 8idHOcsimbcsi 00 Oemarnel cepedHbOoi epynu cknadHocmi. Bid npodykmusHocmi
8U20mMOeB/1eHHs1 ma sikocmi ompumaHoi 0emari 6yde 3anexamu HadilHicmbe ma 8apmicmb 20moegoi npPodykuii. Ceped pi3HUX
memodie 06pobKu 3ybyacmux KOJiC Ha ceimosux MposiOHUX nidnpueMcmeax 8ce Yacmiwe MOXHa 3ycmpimu 3y60moYiHHSA
Power Skiving. 3a ocmaHHi Kinbka ecsmuinimb 8iH cmag 8UCOKOKOHKYPEHMHUM MPOUEeCoM 8U20MO8IIEHHS 3yb4yacmux Koric.
Lle noe'asaHo, nepw 3a ece, 3 rpoepecoM 8 iHcmpyMeHmarnbHOMy MauwuHobydyeaHHi ma 800CKOHareHHsIM eepcmamis 3
4UC/108020 MPO2PaMHO20 KepysaHHs. Y 0aHOMY O0ChiOXeHHI po32rsiHymo OesiKi 3 OCHOBHUX mMeM, a came: HO8i KOHCMPYKUil
iHcmpymeHmie ma Hogse po3yMiHHSI KiHemamuku ripouecy. Y yiti cmammi npedcmasnieHo ecebiyHull oenssd nimepamypHUxX
Oxepen i meHOeHUii po3gumKy HO8UX PO3POBOK KOHCMPYKUIli iHCmpymeHmy — ckatigepa. [loka3aHo iHwul nidxid 6o onucy
cXemu pi3aHHS, 8iOMiHHUU 8i0 npuliHamMoeo, skul eidnosidae pearbHil KiHemamuui npouyecy Power skiving. 1i0 yac pobomu
iHCcmpymeHmy poboui, KiHemamuy4Hi abo ghakmuyHi Kymu pi3aHHsI MOCMIUHO 3MIiHIOOMbCSA. BenuduHu yux Kymie eusHadyaromscsi
HanpsIMKOM 8eKkmopa WeUudKoCMi pi3aHHS, a He noYamkosuMu MIoUWUHaMU iHcmpymeHmy. BecmaHoeneHo, wo gakmuyHul
nepeldHili Kym Ha Bi4Hil 8xiOHIl pixy4il Kpomui 3yba cmae 8i0’eMHUM | 3MiHIOEMBCS 83008 yCiei mpaekmopii pidaHHs, mum
camum 36inbwyro4u iHmeHcusHicmb Oegbopmauii 3cysy Ha Uit kpomui. ModibHUlU eghekm criocmepizaembcsi | Onst 3a0HbO20
Kyma Ha 6i4Hil 8UXIOHIU PiXy4ill KPOMUi, SKUU makox Oocsieac 8i0'€MHO20 3Ha4YeHHs, WO, SK Hacridok, npu3sooums 00
36inblweHHs1 cun mepmsi 83008X 3a0HbOI M08epxHi. CyKyrnHUU 8MnIu8 Yux HECpusamMIUeuUx seull npu3eodums 00 Cymmego20
306inbWeHHS cunu pisaHHa ma, wo 6inbw Kpumu4Ho, 0 MPUCKOPEeHO20 3HOCY 8epuiuH 3ybie ckalisepa. byno npoaHanizogaHo
KOXHYy epyny ckalgiHe-pi3uie, npu ubOMy akueHm 3pobrieHo Ha repesazax i HedosliKkax KOXHO20 mury iHcmpymeHmy. 3
ypaxysaHHsIM KiHeMamuy4HOI cxeMu, fpoaHasi3oeaHo Mpouecu pisaHHs 3 8UKOPUCMAaHHAM cKaleepa 3 Pi3HO KOHCMPYKUIEO
ma eeomempieto ne3a. [lpoaHarnizogaHo KOHCMPYKMuUeHi Hedoriku KombiHosaHux 3ybie iHcmpymeHma. [lpoaHanizogaHo
KOHCMpYKU,itiHi Hedoniku kombiHosaHux Super Skiving 3ybis.

KniouoBi cnoBa: lNMpouec Power Skiving, kiHemaTnyHa cxema, WBUAKICTb pidaHHsA, HegedopMoBaHa CTpyxkka, 3ybyacTe
KOMNeco, KOHCTPYKLUIA iIHCTPYMEHTY, piXyye neso, TPUCTYNEHEBUW IHCTPYMEHT, KYT pi3aHHs, 3afHi KyTu, WwnidysanbHUM piseLp,
NOBEPXHsI Pi3us, NEPeqHin KyT.
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