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Abstract. The article discusses the latest developments of unique technological methods of gear milling
of cylindrical gears for preliminary blade gear processing of hardened cylindrical gears of the cutting
reducer of the UKD200-500 coal mining harvester for the final gear grinding of gear teeth with
modulus m = 16 mm, with hardness HRC 56 ... 62. The peculiarity of the design of special hob cutters is
that a circle passing through the lower boundary points of the involute is used as the palloid of the
machine gearing of the tool and part. Pre-cutting the teeth of hardened wheels with carbide milling
cutters allows you to remove the main allowance for the final gear grinding.

Keywords: hardened wheels; preliminary blade gear machining; high-speed gear hobbing;
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1. INTRODUCTION

Increasing the efficiency of industrial production is largely associated with
the development of mining equipment, transport, energy systems of machines, the
drives of which contain large-scale gear drives (m = 12 ... 30mm). The bearing
capacity of gearwheels in terms of contact strength increases with the surface
hardness of the teeth. Increasing the hardness of the surface of the teeth from
HRC32 to HRC62 makes it possible to halve the dimensions of the gearbox and
reduce the mass by 3 times.

The high requirements for reliability and strength are presented to the
cylindrical gearwheels of the cutting reducer of the UKD200-500 combine
harvester. However, the high labor intensity of manufacturing cemented hardened
coarse-modular gears due to significant allowances assigned for gear grinding
operations to eliminate defects after heat treatment, the possibility of burns and
micro cracks that contribute to the formation of macro cracks and chipping of teeth
requires a scientific approach in solving problems of processing hardened gears. A
unique technology for the manufacture of hardened coarse-modular gears of a high
degree of accuracy with preliminary cutting of teeth for carburizing and hardening
with subsequent removal of the main allowance to 95% with a special blade tool
and final gear grinding with a minimum allowance of 5% has been proposed.

2. PURPOSE AND OBJECTIVES

For processing coarse-modular gears with high wear resistance of the teeth,
with high strength properties of the surface layer, it is advisable to study the
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technological directions of processing hardened coarse-modular gears to ensure the
necessary parameters of surface roughness, gear hobbing quality with the
achievement of high productivity, accuracy and quality of gear processing of
hardened coarse-modular gears, due to improvement of technology and kinematics
of gear milling, development of instrumental and technological equipment, which
will ensure the predicted quality of the surface layer of the teeth and the
performance properties of the gears. To achieve this goal, the following research
objectives have been identified:

— to analyze and establish the main directions of increasing the productivity
and quality of gear processing of hardened large-modular gear wheels in the
conditions of small-scale production;

- to substantiate the application of technological methods of gear processing:

- to formulate the criteria for choosing the structure and parameters of the
systems for blade processing of hardened coarse-modular gears in order to ensure
the specified operational properties.

3. MATERIALS AND METHODS

Unique technological methods of preliminary blade gear processing of
hardened spur gears of coal miners' reducers provide for preliminary blade gear
cutting to remove the main allowance of 95%, followed by gear grinding when
removing the final allowance of 5% gear wheels with modulus m = 16 mm, , with
hardness HRC 56... 62. The complex of scientific research works with the
development of original technological processes, prospective constructions of
worm carbide cutters, special technological equipment was made. Technological
regulations have been developed and implemented for the high-speed gear hobbing
with blade carbide cutters with a final clean slash operation by applying effective
grinding technologies.

The special worm cutters have been developed for pre-processing of
cylindrical gears for grinding, in which a circle (Fig. 1) which passing through the
lower boundary points of involutes B and B1 is used as a palloid of machine
gearing of the tool and part. In this case, the active sections of the BE and B1E1
engagement lines are located symmetrically with respect to the axial perpendicular
and at some distance from it [1, 4, 5, 6].

The angle of the teeth profile of a special cutter ax depends on the number of
teeth of the machined wheel Zy and is determined by:

.~ 0z O3’ (l)
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Where og — is the pressure angle at the lowest point B of the involute; og - is the
half of the angle thickness of the tooth at the lower boundary points B and B 1 of
the involute.

Figure 1 — Scheme of machine engagement of a special carbide
cutter with a machined wheel

In the range of cut gear teeth Z. = 20...400, the profile angle of the teeth of
special cutters varies within the range of ax=5%19°

Each mill can cut the teeth of the wheel in a certain range of teeth numbers:
Zx = 33-49, Zx = 46...66, Zx = 60...88, Zx = 88...134, Zx = 134...204

Technological installation of cutters is achieved by turning one cutter body
relative to the other at a certain calculated angle and changing the thickness of the
distance ring placed between the bodies. Several keyways are made in each of the
cutter bodies.

Figure 2 shows the dependence of the profile angle of the teeth of a special
cutter ax on the number of teeth of the machined wheels Zx and the displacement
coefficient of the original contour of the gear rack X, as well as the range of teeth
to be cut [3, 7, 9, 11].

The area of application of the cutters is illustrated in Figure 3. Uncorrected
gearwheels with 33 ... 49 teeth could be cut with a milling cutter with a profile
angle ax =9° and setting the cutter bodies with a turn at an angle 0
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0=22f,.

where Zx — is the number of teeth of the cut wheel;
Pr=ax %

where o'k — is determined from the graph (Fig. 2)
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Figure 2 — A Graph for determining the applicability
of special carbide milling cutters

For corrected wheels, the range of numbers of teeth to be cut increases: at
X =+0,56, using a cutter with ax =9° gear wheels with 25 teeth are cut, and at
X =-0,56, gear wheels with 57 teeth are cut

Technological installation of cutters is achieved by turning one cutter hulls
relative to the other by a certain design angle (Fig. 3) and changing the thickness of
the distance ring 4, inserted between the cutters hulls. In each of the cutter hulls,
several keyways are made [8, 10, 13, 15, 22].

Mills with a given angle o, can be used for cutting wheels with a different
number of teeth, if the axis of the tooth of the wheel deviates from the axis of the
machine (Fig. 3) at an angle S. and Sy - the distance between the bodies is
recalculated. With positive S, the right cutter body turns clockwise relative to the
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left one by the angle 6. With negative f. - the right cutter body turns
counterclockwise and in this position both bodies are fixed to the mandrel.

The rotation of the cutter bodies by an angle 0 is carried out by aligning the
corresponding keyways in the bodies.

Figure 3 — Installing and adjusting the cutter when turning
the wheel at an angle fx

While being installed on the machine, the bodies of the cutters, which are on
the mandrel, are aligned with the first teeth in one plane and set at a distance S
determined by the conical template (Figure 3, a). The inner distance between the
ends of both cutter bodies is measured and a distance ring is selected from it. Then
the cutter bodies are installed on the corresponding keyways and fixed on the
mandrel. A milling cutter with a mandrel is installed in the machine support with
subsequent adjustment relative to the axis of the wheel tooth.

The advantage of the considered design of special hob cutters considered is
that both bodies simultaneously treat both lateral surfaces of the wheel teeth. The
cutting forces from both bodies are directed towards each other, i.e. there is a force
closure inside the tool. This helps to reduce vibrations and oscillations of the
machine table together with the processed wheel.

The most rational area of using the considered special mills is the serial and
large-scale production of gear wheels, for example, used in coal and ore mills,
excavators, rolling mills, lifting mechanisms [1, 12, 14, 17, 20, 21].

Figure 4 shows a special hob cutter m =12 mm. The cutter consists of 2
bodies, separated by a distal ring with tapered threads of one direction.

The development and modeling of the technological process of shaping using
universal m = 16 mm single-sided and double-sided cutting mills (Fig. 4) equipped
with alloy plates BK10-OM; BK10-XOM. Single-sided cutters (Fig. 4) consist of
two bodies: left and right with conical screw threading of turns of the same
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direction. On the lateral surfaces of the turns in the tangential grooves, hard-alloy
non-overlapping rotary plates made of alloys are installed BK10-OM; BK10- XOM
with dimensions 20x16x6 mm, which are fixed in the sockets with eccentric screws.

Carbide cutting elements are placed only along the lines of machine
engagement of the tool and the workpiece, which makes such a milling cutter more
economical in comparison with known designs of similar tools.

The fundamental difference between cutters in comparison with well-known
foreign designs (coarse-modular cutters of the company "Azumi”, Japan, the
company "Fete", [15, 16, 18, 19]) is that with an increased in 1.5-2 times the
amount of its teeth over the length of one cutting turn, the above dimensions of the
cutting carbide plates are the same for the entire used range of modules m = 16 mm
and this, for the first time, a constructive solution reduces the consumption of hard
alloy in the manufacture of the tool by 2-5 times, but most importantly, the cutting
process is significantly improved with increasing the durability of cutting inserts.

The tangential arrangement of carbide cutting inserts with wear-resistant
coatings also contributes to the increase in tool life.

Figure 4 — Special worm-and-carbide double-body cutter
m=16 mm, (@.=9°% Z.=19...57)

The technological disadvantage of special carbide milling cutters is the
impossibility of processing gear wheels with the same tool, which differ
significantly from each other in the number of teeth [15]. Meanwhile, in the
practice of heavy engineering, gears are widely used, including a small-toothed
gear, for exampl, z=12+40 and a multi-toothed wheel, for example z~=180+316.
These are gear drives of coal and ore grinding mills, excavators, etc.
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When processing such wheels with different worm cutters, the identity of the
main pitch and the profile of the teeth will not be ensured, which will undoubtedly
affect the quality of the engagement and the durability of the gear transmission. Of
particular importance for the quality of the engagement is the machining of a
mating pair of hardened (HRC56...62) gearwheels with the same tool, the
operational running-in of which is practically excluded.

In order to improve the accuracy of engagement of mating, predominantly
hardened, gears with a different number of teeth, and to reduce the range of tools
used, the design of universal coarse-modular solid carbide hob mills m=10-65 mm
has been developed. The pitch circle of the wheel is used as the palloid of the
machine gearing of such cutters with the machined wheel, and the profile angle of
the tool teeth is equal to o, =20°.

The two-body design of single-sided cutters is designed to process wheel
teeth in two passes. The milling cutter (Fig. 5) consists of a left 1 and right 2
bodies with a conical screw thread in one direction, in the grooves of which are
installed hard-alloy non-overlapping rotary plates.

According to the gear processing technology developed for this design [1, 2],
each of the cutter bodies is installed separately on the gear hobbing mandrel with
an offset relative to the center perpendicular 00’ tool-part pair by a distance I, (Fig.
5, a, b), determined point B (B') of intersection of the circle of the lower boundary
point of the involute of the teeth and the line of machine gearing BE (B’ E/). The
setting distance does not depend on the number of teeth of the wheel being
machined. The value I, (Figure 5) is determined by the profiled angle of the initial
contour of the rack o 0, the tooth base height h; and the radius of curvature of the
tool head for the preliminary tooth cutting re. These parameters only depend on the
modulus and the offset ratio of the original toothed rack contour.

The installation distance is determined by the formula:

_ hf—xm-rg(l-sinay)

¥ tgag (2)

l

where x — is the coefficient of displacement of the original contour of the gear rack;
m is the module of the teeth of the wheel.

For the wheels with toothed rack source circuit in accordance with GOST
13755-81, where a, =20° h=1,25'm and re. =0,3-m, the formula (2.10) is
simplified:

l _m=(1.052-X)
© 036397 ©)

Thus, by alternately installing each of the bodies with an offset on the gear-
cutting mandrel, one cutter can process gears with any number of teeth in two
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passes. The displacement of the cutter body from the center perpendicular to the
calculated distance |, is carried out by using a special template installed in the
machine center finder, which is located on the milling head in the axis of rotation
of the machine table.

For convenience of practical definition, Figure 6 shows a graph of the
dependence of the installation distance I, on the modulus of the cut teeth of the
wheel and the displacement coefficient of the original contour of the gear rack - x.
With the values of the displacement coefficient of the original contour x>1.0, the
value of the installation distance |, calculated according to (2) and (3), may turn
out to be negative. It means that the tool must be moved on the machine during
installation, so that, the very first tooth with the largest radius of rotation would not
intersect the center perpendicular when displaced.

In practice, setting the tool to the calculated distance I, does not require high
accuracy and can be performed either by using a special template or by using a
ruler mounted on the machine support.

Figure 5 — Two-body, one-sided universal cutter:
a —is the right body; 6 — is the left body
(1 — a tapered thread of the left body; 2 — a tapered thread of the right body;
3 —apressure plate; 4 — a split slot; 5 — a cutting plate; 6 — an adjustable pin)

The analysis of cutting patterns and kinematics of gear processing with
universal double-body cutters [1, 5, 9] shows that when the right-hand housing is
in operation (Fig. 5, a), the axial cutting forces P, coincide with the direction of
rotation of the machined wheel ok (with the direction of rotation of the indexing
worm wheel of the machine), and the stock removal proceeds sequentially from the
base of the tooth to the top of the same tooth (arrow B).

64



ISSN 2078-7405 Cutting & Tools in Technological System, 2021, Edition 95

If the directions of action P, and ok coincide, the axial force tends to
"separate" the teeth of the pitch worm wheel from the turns of the pitch worm, and
this can lead to the disruption in the smooth operation of the pitch worm pair of the
machine, vibrations of the processed wheel and decrease in the quality of the
processing.
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Figure 6 — Graph for determining the installation distance Iy

While removing the allowance in the direction of arrow B (Fig. 5, b), the
width of the layers (cut by the teeth of the left housing) is still 2 - 2.5 times greater
than that of the teeth of the right housing [1, 4, 7, 9], even it does not exceed the
nominal length of the cutting edge of 20 mm.
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4. RESULTS AND DISCUSSION

In order to ensure the same processing conditions in terms of cutting
dynamics and according to the stock cutting pattern, the cutter bodies can be made
with screw threads in different directions. For example: the left-hand cutter body
(Fig. 7) has a right-hand screw thread, and the right-hand cutter body has a left-
hand thread. In this case, during machining, the axial components of the cutting
force are directed towards the rotation of the wheel w¢, and the stock removal,
carried out by both bodies, goes in the same direction along arrow A - from the
base of the tooth to the apex.

Figure 7 — A scheme of machining the wheel with cutter bodies
with different directions of turns

In order to increase the efficiency of using the tool, the processing of both
lateral surfaces of the teeth of the wheel could be carried out with only one (either
right or left cutter hull), for example, the right cutter body, alternately shifting it to
the left and right on the gear-cutting mandrel. In this case (Fig. 8), while
processing the left side surfaces, it is necessary to reverse the direction of rotation
of the tool wy and the wheel o, and this processing would be carried out with the
accompanying milling [2, 10, 14, 15, 21].

Figure 9 shows a preliminary gear grinding blade processing of the hardened
gear wheel m=16 mm; z,=20; b=155 mm, steel 20X2H4A-1II, HRC>55 in the

66



ISSN 2078-7405 Cutting & Tools in Technological System, 2021, Edition 95

production conditions at the gear shop of the factory "Svet Shahtyora". The gear
hobbing process is carried out with a carbide-tipped hob cutters (Fig. 10) without
using the lubricating liquids. The direction of milling is reversed. The cutting
conditions for processing hardened teeth are: the depth of the cut t=0.5-0.8 mm per
passage; the cutter feed S=1.5-3 mm/rev; the cutter speed: n=40-60 min?; the
cutting speed V=1.0-1.2 m/s.

Figure 8 — A scheme of processing wheel teeth with one right-hand cutter body:
a, ¢ —is a right - hand body during counter milling; 6, d — is the right body during passing
milling with a reversible direction of rotation of the cutter and the gear which is being cut
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Figure 9 — The pre-treatment with a gear blade for a hardened gear wheel
m=16mm; z=20; £ = 0°;, b=155 mm; steel 20X2H4A-I1I, HRC56...62 at the gear shop
of the factory "Svet Shahtyora"
The time of the machine to remove the preliminary allowance for the gear
grinding is 35 min. The maximum wear out of the individual cutter teeth, after the
specified continuous running time, did not exceed 0.15 mm.

SUMMARY

The use of the developed technological methods of preliminary blade
processing of the teeth of hardened wheels with carbide milling cutters makes it
possible to reduce the labor intensity of low-performance gear grinding operations,
depending on the wheel module, by 3-4 times due to the removal of the main
allowance for gear grinding by the method of high-speed gear milling with a
special blade tool, in which the allowance is removed according to the line of
engagement and does not require the manufacture of the cutting part of the cutter
along the height of the entire tooth.

The peculiarity of the design of special hob cutters is that a circle passing
through the lower boundary points of the involute is used as the palloid of the
machine gearing of the tool and part.

Carbide cutting elements are placed only along the lines of machine
engagement of the tool and the workpiece, which makes such a milling cutter more
economical in comparison with known designs of similar tools. In order to improve
the accuracy of engagement of mating gears with a different number of teeth, and
to reduce the range of tools used, the design of universal large-module solid
carbide hob cutters m = 16mm has been developed.

A certain cutting section of the cutter tooth is involved in cutting, which
ensures economical use of cutting inserts, simplifies the design of cutters, and
increases the reliability of the cutting process of hardened cylindrical gears.

References: 1. O patriarhe zuboobrabotki A.K. Sidorenko / V.F. Shapovalov, V.I. Pechenyiy,
A.A. Klochko, A.N. Korotun, G.I. Mihaylov // Visnik Natsionalnogo tehnichnogo universitetu “KhPI”:
zb. nauk. pr. Tematichniy vipusk : Problemi mehanichnogo privodu. — Kharkiv : NTU “KhPI”, 2009. —
Ne 20. — pp. 3-7. 2. Timofeev Yu. V. Tehnologiya zubofrezerovaniya zakalennyih krupnomodulnyih
koles spetsialnyimi chervyachnyimi frezami s minimiziruyuschimi parametrami glavnyih rezhuschih
kromok / Yu. V. Timofeev, A. A. Klochko, V. F. Shapovalov// Naukovi notatki : mizhvuz. zb. — Lutsk,
2010. — Vip. 29. — pp. 209-216. 3. Timofeev Yu. V. Novaya tehnologiya skorostnoy obrabotki
zakalennyih krupnomodulnyih zubchatyih koles spetsialnyimi diskovyimi frezami / Yu.V. Timofeev,
A.A. Klochko, V.F. Shapovalov// Visnik SevNTU : zb. nauk. pr. Seriya «Mashinopriladobuduvannya ta
transporty. — Sevastopol, 2011. — Vip. 118. — pp. 139-144. 4. Sovershenstvovanie tehnologii
zubonarezaniya chervyachnyimi modulnyimi frezami s kontaktno-reaktivnoy paykoy rezhuschih plastin
/ E.V. Mironenko, A.A. Klochko, V.F. Shapovalov, V.A. Chmyir // Nadezhnost instrumenta i
optimizatsiya tehnologicheskih sistem : sh. nauch. tr. — Kramatorsk : DGMA, 2013. — Vyip. 33. —
pp. 3-7. 5. Konstruktorsko-tehnologicheskie sposobi povyisheniya proizvoditelnosti i kachestva
zuboobrabotki  krupnogabaritnyih  zubchatyih ventsov / E.V. Mironenko, V.F. Shapovalov,

68



ISSN 2078-7405 Cutting & Tools in Technological System, 2021, Edition 95

A.A. Klochko, S.Yu. Palashek, E.V. Ostapovich // Visnik NTU “KhPI”. Seriya: Tehnologiyi v
mashinobuduvanni. — Kharkiv : NTU “KhPI”, 2015. — Ne 4 (1113). — pp. 28-32. 6. Suslov, A.G.
Tehnologicheskoe obespechenie i povyishenie ekspluatatsionnyih svoystv detaley i ih soedineniy //
A. G. Suslov [i dr.] ; pod obsch. red. A. G. Suslova. — Moscow: lzdatelstvo “Mashinostroenie”, 2006. —
447 p. (Ser.: Biblioteka Tehnologa). 7. Suslov A.G. Naznachenie, oboznachenie i kontrol parametrov
sherohovatosti poverhnostey detaley mashin/ A.G. Suslov; Pod red. .M. Korsakovoy. — Moscow:
Izdatelstvo MGIU, 2010. — 111 p. 8. Osnovi formoutvorennya poverhon pri mehanlchnly obrobtsl /
N.S. Ravskaya, O.A. Ohrlmenko, P.P .Melnichuk, O.V., T.P. Nlkolaenko // Navchalniy posibnik z
grifom  MON Ukrayini (list Ne 1/11-5203 vid 12.03.2013), Kyiv: Vid. SKD-Druk 2013.
9. Joseph Stokes, The Theory and Application of the HVOF Thermal Spray Process, 2008, Dublin City
University, 206 p., pp. 1 - 14. 10. Skorostnoe zubofrezerovanie zakalennyih zubchatyih koles /
V.F. Shapovalov, A.A. Permyakov, A.A. Klochko, A.N. Lishenko // VVazhke mashinobuduvannya.
Problemi ta perspektivi rozvitku: materiali pyatnadtsyatoYi Mizhnar. nauk.-tehn. konf., 30 travnya — 1
chervnya 2017 r. / Pid zag. red. V. D. Kovalova. — Kramatorsk : DDMA, 2017. — 96 p. 11. Sudhansu
Ranjan Das, Amaresh Kumar, Debabrata Dhupal, 2013, Effect of Machining Parameters on Surface
Roughness in Machining of Hardened AISI 4340 Steel Using Coated Carbide Inserts, International
Journal of Innovation and Applied Studies, Vol. 2, No. 4, Apr. 2013, pp. 445-453. 12. Kane M.M.
Upravlenie kachestvom produktsii mashinostroeniya / M. M. Kane, A. G. Suslov, O. A. Gorlenko i
dr.pod obsch. red. d.t.n. M. M. Kane. — Moscow : Mashinostroenie, 2010. — 416 p. 13. Nanotehnologiya
mehanicheskoy obrabotki detaley mashin / Yu. F. Nazarov, A. V. lvanayskiy, D. S. Sviridenko [i dr.]
/[Tehnologiya mashinostroeniya.— 2009. — Ne 6. — pp. 45 — 49. 14. Johny Shaida Shaik, K.Rajasekhara
Babu, 2012, Prediction of surface roughness in hard turning by using fuzzy logic, International Journal
of Emerging trends in Engineering and Development, Issue 2, Vol.5 (July 2012), pp. 38-49.
15. Tehnologicheskie vozmozhnosti zuboobrabotki vyisokotochnyih krupnogabaritnyih zubchatyih
ventsov / A.N. Shelkovoy, A.A. Permyakov, A.A. Klochko, O.A. Antsyiferova, V.F. Shapovalov //
Kompleksne zabezpechennya yakosti tehnologichnih protsesiv ta sistem (KZYaTPS — 2017) : materiali
tez dopovidey VII mizhnarodnoyi naukovo-praktichnoyi konferentsiyi (m. Chernigiv , 24-27 kvit. 2017
r.) : u 2-h t. / Chernigivskiy natsionalniy tehnologichniy universitet [ta in.]; vidp. za vip.: Eroshenko
Andriy Mihaylovich [ta in.]. — Chernigiv : ChNTU, 2017. — T. 1. — pp. 163- 164. 16. Pat. 2064376
Rossiyskaya Federatsiya, MKI V23 F 5/08, 5/12. Zuboobrabatyivayuschiy stanok / V.F. Shapovalov,
V.I. Pechenyiy, A.A. Klochko, S.P. Naletov, N.I. Aristarhov, V.D. Korotkov, G.N. Ruin.,
N.A. Lobanov, A.V. Kuznetsov. — # 4915857 ; zayavl. 23.01.91 ; opubl. 27.07.96, Byul. # 21. — 5 p.
17. Yamnikov, A. S. Resursosberegayuschie tehnologii izgotovleniya tsilindricheskih zubchatyih koles /
A.S. Yamnikov, A.A. Malikov, E.N. Valikov, A.V. Sidorkin // Tehnologiya mashinostroeniya.— 2008. —
Ne 7.— pp. 7-10. 18. Pat. 2082567 Rossiyskaya Federatsiya,MKI V23 F 5/00. Zuboobrabatyivayuschiy
stanok /V. F. Shapovalov, V. I. Pechenyiy, A. A. Klochko, G. N. Ruin, S. P. Naletov, N. I. Aristarhov,
V. D. Korotkov, N. A. Lobanov, A. V. Kuznetsov. — Ne 92009350 ; zayavl. 01.12.92 ; opubl. 27.06.97,
Byul. Ne 18. — 6 p. 19. Tehnologiya remonta i vosstanovleniya krupnomodulnyih zakalennyih
zubchatyih koles metodom vyisokoskorostnoy lezviynoy obrabotki / A.A. Klochko, A.N.Shelkovoy,
V.F. Shapovalov, A.V. Belovol, O.A. Antsyiferova // Suchasniy stan naukovih doslidzhen ta tehnologiy
v promislovosti. — Kharkiv. 2017. — Ne 2 (2). — pp. 38-47. 20. Shapovalov V.F., Pechenyiy V.1., Klochko
AA., Permyakov A.A., Shelkovoy A.N., Gasanov M.l., Antsyiferova O.A. Povyishenie kachestva
poverhnostnogo sloya zubyev iznoshennyih i vosstanavlivaemyih krupnogabaritnyih zubchatyih koles
poverhnostnyim  plasticheskim — deformirovaniem //  Nadiynist Instrumentu ta optimizatsiya
tehnologichnih sistem: zb.nauk. pr. — Kramatorsk : DDMA, 2018. — Vip. 42. — pp. 91-102.
21. Kovalev V.D., Klimenko S.A., Antonyuk V.S., Vasilchenko Ya.V., Klochko A.A., Ryabchenko S.V.,
Voloshin O.l. ,Statkevich O.V., lvanov S.O. Stvorennya ta vprovadzhennya Innovatsiynih tehnologiy
vigotovlennya krupnogabaritnih reduktoriv vazhkogo mashinobuduvannya. Vazhke
mashinobuduvannya. Problemi ta perspektivi rozvitku. Materiali Mizhnarodnoyi naukovo-tehnichnoyi
konferentsiyi 04 — 07 lipnya 2019 roku / Pid zag. red. V. D. Kovaleva. — Kramatorsk: DDMA, 2019. —
pp. 5-6. 22. Permyakov O.A., Klochko O.0., Kamchatna-Stepanova K.V., Novikov F.V. Cherv'yachna

69



ISSN 2078-7405 Cutting & Tools in Technological System, 2021, Edition 95

freza z rozdilnoyu shemoyu formoutvorennya z povorotnimi neperetochuvanimi rlzalnimi elementami.
Novyie i netraditsionnyie tehnologii v resurso- i energosberezhenii: Materialyi mezhdunarodnoy
nauchno-tehnicheskoy konferentsii, 22-24 sentyabrya 2021 g., g. Odessa. — Odessa: Gosudarstvennyiy
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Omnekcanap Kosanpuyk, Bomognmup HexeboBckuit, Onexcanap Ilepmsikos,
Omnekcanap Kmouko, XapkiB, Ykpaina, Cepriit Ps6uenko, Kuis, Ykpaina

OBPOBKA 3ATAPTOBAHUX NWITHAPUYHUX 3YBYACTHUX KOJIIC
PEJYKTOPA PI3AHHSI KOMBAMHA YKJI 200-500

AHoTauifa. Y cmammi posensmymi ocmanHi  po3poOKU  YHIKANbHUX MEXHONO2IYHUX ~NPULOMIE
3y60¢hpesepysants  YuNiHOPUYHUX — 3YOuACUX  KOMIC ONsl  NONepeoHboi  11e3080i  3Y0000poOKu
3a2apMOBAHUX  YUTIHOPUYHUX 3Y04ACMUX KONC pPedyKmopa pi3aHHs 8y2ied00y8H020 KOMOAUHA
VK/200-500 ons ocmamounoeo 3ybownigpyeanns 3y6ie 3youacmux xonic 3 mooynem 16. [lns
WBUOKICHOT 11e30601 3Y0000pOOKU  pO3POONIEHO, BUCOMOBNICHO MA BNPOBAOICEHO 8 BUPOOHUYMBO
NEPCNeKmueHi  KOHCMPYKYIl yYepe'ssunux meepoocniasuux @pes. s excniyamayii KOJHCHO20 3
KOHCMPYKMUSHUX pilleHb MEepOOCHIA6HUX Yeps'iuHuUX (pes po3pobieHi mexHONO2IuHI pe2iamenmu
1e30801  3y0000po6Ku. Po3pobiieHo KOHCMpPYKYilo CcneyiaibHoi 080KOpNYCHOI uepe'sunoi  ¢pesu
060CMOpoHHLO20 pisana. OcobIUBICIMb NPOEKMYBAHHA CNEeYIaTbHUX Yepe'TUHUX (hpe3 nonazae 6 momy,
Wo AK nanoioa 8epcmamHoz0 3auennieHHs [HCMpYMeHmy i Oemani UKOPUCMOBYEMbCA KOO, WO
NPOXOOUMb Uepe3 HUJICHI SPAHUYHI MOYKU esobeeHmu. TeepAoCniasHi pi3aibHi enemMeHmu po3miuyeHi
MiNbKU NO NIHIAX BEPCMAMHO20 3aUenNieHHs IHCIPYMeHny ma 3a20MmosKu, wo pobums maxy @pesy
EKOHOMIYHIWOW NOPIGHAHO 3 GIOOMUMU KOHCMPYKYIAMU AHANOZIMHUX [HCmMpyMeHmis. 3 memoro
NIOBUWEHHS MOYHOCTI 3AYeNnIeHHsl CROJYYHUX, 3Y0UACIMUX KOIIC 3 PI3HUM YUCIOM 3Y0i8, | CKOPOUEeHHS
HOMEHKIAMYpU — IHCMPYMeHmy — po3pobnena  KOHCMPYKYI — YHIGEPCAbHUX — GeTUKOMOOYIbHUX
meepoOOCnIagHUX UYeps'sunux gpes m=16mm. 3acmocysanns po3podiIeHUX MEXHONOSIUHUX NPUTIOMIE
nonepeonvoi 1e3080i 006pobOKu 3y0i6 3a2apmoSaHUX KOMIC MEEPOOCHAASHUMU Ppe3amu O03601A€
SHUBUMU  MPYOOMICIMKICIb MATONPOOYKMUGHUX 3YO0ULNIQYBATLHUX Onepayitll, 3anedlcHo 6i0 MOOYIA
Konic, y 3-4 pasu 3a paxyHok 3meHuwienHs npunycky 3 1,5-2,5 mm na 6ix 3yoa oo 0,3 -0,5 mm, a maxodc
003607151€  3a6e3nequmu  eKOHOMIYHICIb npoyecy 3Y06000pOOKU 34 PAXYHOK 3MEHUWIeHHs GUmMpam
MEepOOCNIAHUX NAACTIUH.

KurouoBi cioBa: mexuonoziuni nputiomu; KpynHOMOOYIbHI YUNiHOpU4HI 3a2apmosani 3youacmi
Koeca; weuoKicHa ne306a 3y6000poodxa.
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