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OPTIMIZING THE TECHNOLOGY OF RECONDITIONING LARGE HIGH
PRECISION GEAR RIMS

The subject matter of the research is issues related to the optimization of the technology for reconditioning large-size high precision
gear rims of the drives of mining complexes, mine lifting equipment, heavy vehicles; these issues are a perspective trend for reducing
the cost of reconditioning and operation of expensive unique equipment. The goal is to ensure intensifying production processes,
increasing workloads and speeds, reducing the deterioration of high precision gear rims. The objective is to develop a new technology
to optimize reconditioning large high precision gear rims. To achieve this, the following method is suggested — to machine gear rims
after they have been surfaced by pre-milling with special hob cutters with a prominence and by final machining the teeth with special
cutters equipped with hardmetal inserts that process teeth along the line of engagement, which does not require making full-length
cutting teeth and increases the quality of machining, the durability of hardmetal milling cutters. The process of reconditioning of large
high precision gear rims is a resource-saving technology, as compared with manufacturing new parts, this technology considerably
reduces the cost of materials for manufacturing, decreases a number of process steps, reduces the cost of machining equipment, tools,
cutting and measuring instruments. The smooth operation of a gear train can be ensured only at a constant gear ratio but due to
manufacturing and operational errors, the gear ratio is not constant at every time, which intensify the deterioration of large high
precision gear rims. The following results are obtained. The possibility and practicability of using hob cutters with a prominence (m =
20-28 mm) while rough cutting the worn and reconditioned large gear rims was proved. To obtain the necessary durability of rough
milling cutters, it is recommended that the prominence angle be set within 8-10°. The use of hardmetal hob cutters for finishing makes
it possible to increase the performance rate by 2 to 3 times as compared to high-speed cutters of other designs and to obtain the
necessary quality and precision of manufacturing worn and reconditioned large gear rims. Conclusions. The technology for the
optimization of reconditioning large high precision gear rims with the use of special and universal hardmetal single- and double-flute
cutters that have both re-sharpened cutting elements and disposable rotary tools was developed and introduced.

Keywords: new optimization technology, reconditioning large gear rims, high precision, hob cutters with a protuberance,
special cutters, machining tooth along the line of engagement, improving the quality of machining.

Introduction accumulates. These phenomena lead to a gradual change

in the size and shape of a part. The techniques for
reconditioning the parts and joint connections are
resource-saving, as compared to the manufacture of new

The performance of mining complexes, mine lifting
equipment, heavy vehicles is gradually getting worse due

to the deterioration of their equipment in the process of
operation. Among them, there are large high precision
gear rims. Such large gears can have failures and
malfunctions that are fixed in the course of various
types of reconditioning and repairing activities. To ensure
high-quality recovery, a new technology for the
optimization of reconditioning large high precision gear
rims is suggested.

The service life of fast-wearing large gear trains
determines the prove-in performance of expensive
machines. Stopping equipment to replace worn large gear
trains with new ones leads to a significant decrease in
labour productivity, disrupts the rhythm of the production
process, causes hon-productive metal costs to manufacture
new parts and results in the need for special maintenance
teams.

Analysis of literary sources and problem statement

Modern trends in intensifying of production
processes, increasing workloads, speeds, temperatures
lead to faster deterioration of parts, and along with the
need for production automation, give points to the
problem of increasing the service life of quickly
deteriorated machine parts [1, 4, 7, 9], so most of the parts
that are connected with other parts wear out fast. This
process results in material damage when the material
scales off the solid surface and its friction strain

parts, the costs for materials in manufacturing are
significantly reduced, a number of technological
operations is decreased, the costs for machine tools,
devices, cutting and measuring equipment as well as for
labour remuneration of workers are reduced [2, 3, 5, 10].
A part that has toothed surfaces is known to be under
cyclic and dynamic loads while operating, which
leads to the damage of working surfaces. The smooth
operation of the gear train can be ensured only at a
constant gear ratio but due to manufacturing and operation
errors, for example, the deformation of teeth, the gear
ratio does not remain constant at every time [6, 8, 11].
Moreover, dynamic loads or interference generate an
additional  negative  impact. The  deformation
of gear wheels, as well as manufacturing errors lead to
uneven distribution of the load across the width of the
gear rim.

When the worn-out teeth are repaired by surfacing,
the worn side of each tooth is surfaced when the gear
wheels are of a large diameter (up to 15 m) and a module
is of more than 10 mm. High wear resistance and
durability of the faced surfaces of teeth can be ensured by
using the alloys of sormite and stalinite types. A thin coat
of sormite is spread on the surface firstly faced with a
filler material and roughed up (fig. 1). After surfacing
with sormite, the teeth are firstly milled with special hob
cutters with a prominence and finally machined with
special cutters with hardmetal inserts [1, 2, 3].

© V. Shapovalov, A. Klochko, M. Gasanov, O. Antsyferova, A. Belovol, 2018


https://doi.org/10.30837/2522-9818.2017.2.005

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2018. No. 1 (3)

Fig. 1. Worn large gear wheels: a) a worn cylindrical gear wheel; b) a worn cylindrical gear wheel surfacing

When operating large cylindrical gear trains, the
following types of tooth fracture occur: fatigue spalling of
the teeth working surfaces, chipping of the teeth,
deterioration, binding of teeth, crushing of the teeth
working surfaces. Fatigue spalling of the teeth working
surfaces which usually occurs near the operating pitch
circle on a tooth root fillet is the main type of destruction
of enclosed gears. The cause is variable contact pressures
on the surface of the teeth oH; these stresses cause
primary cracks, extending cracks, chipping, shelling,
slivering of metal from the tooth surface (fig. 2) [7]. A
crack at the tooth root often causes chips which results in
the increase in the contact pressure and the disruption in
the tooth gearing [4, 5, 6, 7, 12]. Surface layers in open
gears abrade before fatigue cracks appear in them, so
spalling happens very rarely.

Chipping spot

A lubricant

Primary crack

Extending crack A piece of slivered metal

Fig. 2. Fracturing on the involute flank of the teeth of large gear
rims

(a)

The goal and objectives of the research

The goal and objectives of the research are to ensure
intensifying production processes, increasing workloads,
speeds, reducing the deterioration of high precision gear
rims and developing a new technology to optimize the
recovery of large high precision gear rims. To achieve
this, a method for machining teeth after surfacing by pre-
milling with special hob cutters with a protuberance and
by final machining the teeth with special cutters equipped
with hardmetal inserts that machine teeth along the line of
engagement, which does not require that cutting teeth of
milling cutters be manufactured along the full length and
which significantly improves the quality of machining,
increases the durability of hardmetal milling cutters. A
new technology for reconditioning large high precision
cylindrical gears is suggested, where primary rough
milling cutters with a modified face of a tooth with a
prominence are used at the stage of pre-machining of the
wheel teeth for strengthening and final speedy edge
cutting machining of the tooth [7, 8].

For this purpose, the tip of a milling cutter (fig. 3, a)
has a tooth angle that differs from the standard one which
is ao= 20° near the tooth tip and the tooth thickness is
reduced by the allowance amount A which is necessary for
further final machining (fig.1, b).

(b)

Fig. 3. Wheel teeth precutting: a — a tooth of hob cutter with a prominence; b — a wheel tooth machined with A allowance: h,, —the

prominence height, a, — the angle of original profile, a,, — the angle of prominence profile
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The required allowance A is left on the wheel teeth
flanks after machining by this milling cutter (fig. 3, b),
while teeth inverts are machined adequately. The fact that
the tips of a finishing tool, for example, tips of a grinding
wheel, do not participate in cutting the inverts improves
the process of cutting. Radial forces of cutting are
reduced, vibration and springing of a tool decrease and,
subsequently, its durability increases as well as the quality
of the machined teeth.

The drawback of milling cutters with a prominence
is the lowered angle (a3= 1,5°-2°) on the tooth flank due
to relieving work.

The developed technique of pre-machining on the
teeth of a large module (m =20- 25 mm) was successfully
tested for the first time while gear cutting the worn bur
reconditioned large gear rim with the following
dimensions — Da=8058,4mm, m =28 mm; zk= 284; B0=

6°25'; bz=1000mm, produced of 35XMIJI steel; 220-260
HB; the precision rate is 8-B GOST1643-81, which is
used in the ore-pulverizing mill (fig. 4) of MB 90x30
model.

Gear hobhing was dome by a special heavy vertical
gear hobbing machine of KY-306 model (fig. 5) with the
diameter of the operating face plate equal to 8000mm. The
fast-cutting hob cutter “Progress” was used for rough teeth
cutting [7, 8, 9]. This cutter has an elongated starting taper
(Ik=350 mm) and an expanded tool bore — ¢100H7.
According to the diagram given in fig. 1(a), a prominence
is made on the teeth of a milling cutter (fig. 4); the teeth
have complete profile heightwise. There are chip control
flutes on the teeth of the starting taper, which enables
separating box chips, i.e. escaping the space-limited
cutting.  This  improves the tool  durability.

Fig. 4. The general view of the ore-pulverizing mill of MB 90x30 model with the reconditioned gear rim with the following

dimensions m = 28 mm; z, =284, D, =8058,4 mm

Fig. 5. Finish cutting the worn and reconditioned large gear rim (m= 28; z, =284) with the use of the gear hobbing machine of

KVY-306 model
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The rough cutting modes were as follows: cutter
feed Sf=2,5 mm/r; rotary velocity nf= 0,2 sec-1; the
cutting direction is counter, metal cutting oil is
“Industrial-20”. The machining time of rim cutting in one
operation was 110 hours.

For reference: the time for machining this rim by
other cutters, for example, by the “Frezer” plant is 350
hours.

The special hob cutter m= 28 (fig. 6) was used for
teeth finish machining in one operation, this cutter has
hardmetal inserts made of BK 10-XOM alloy [7, 9, 10].

The cutting direction was counter, the cutting modes
S; =3,86 mmir;

- t=0,6 mm, n; =0,33 sec-1.

Fig. 6. Special double hob cutter for two-way cutting (m= 28 mm); af=19°20'

1- cutter housing; 2 - distance ring

The machining time for finishing the rim was 65
hours. The maximum wear of the individual teeth of the
milling cutter after this continuous working time did not
exceed 0.3 mm, which is 4-5 times less than in the case of
similar machining with high-speed cutters. The fact that
the difference in the thickness of the teeth of the machined
rim at the upper and lower ends (I3 = 1000 mm) did not
exceed 0.06 mm indicates the high durability of the cutter.
The measurement of the precision parameters of the cut
teeth with attachable devices showed that the gear
corresponds to the 8th degree of precision in accordance
with GOST 1643-81 in the context of the deviation of the
circumferential pitch of the teeth and the pitch of the
engagement.

Materials and methods of the research

The technique of rough and finishing teeth
machining after the teeth (fig. 5) of large rims were
reconditioned by rough cutters “Progress” with a
prominence and a hardmetal finishing cutters (fig. 6) of a
special design was introduced at PrAT “NKMZ”.

The vertical gear hobbing machine of HHA-750A
model manufactured by the firm “Shibaura” (Japan)
(fig. 7) was used for machining by counter milling with
the use of metal cutting oil is “Industrial-20”. The rim
with the following parameters m = 20 mm; Zk = 268; fz=
5°15"; b= 700 mm; 35L steel; 140-160 HB was finished in
one operation under the following modes of cutting —
t=0,9 mm; Sf= 4,72 mm/r; nf= 0,5 sec-1; Vr.=32m/min.

The machining time for finishing one rim is 24
hours, which is by 1.8 times less than while machining by
a high-speed cutter (fig. 8) (STP 4-15-70).

Fig. 9 shows chips cut during finishing of teeth with
a high-speed cutter without rough cutting by a cutter with
a prominence. Most of the teeth of a finishing milling
cutter cut the box chips; there is the space-limited cutting.
In this case, the perimeter of the chips is approximately
equal to half the perimeter of the wheel tooth which is 45-
48 mm when the tooth module m = 20 mm. The tips of the
individual teeth of the milling cutter cut thickened chips
from the bottom of the tooth groove (fig. 9, the upright
row), which raises the radial cutting forces and leads to
vibrations and springing of the tool, increases the wear of
the teeth (fig. 10).
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Fig. 7. Finish cutting the rim teeth ( T=20 mm; Zk=268; pz= 5°15'; b=700mm; 140... 160 HB) using the machine of HHA-750 model
(Japan)

Fig. 8. Finishing hardmetal hob cutter (=20 mm)
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Fig. 10. Increased wear of the teeth of a finishing high-speed cutter of a pre-fabricated welded design
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Fig. 11. Chips cut by a hardmetal finishing cutter (=20 mm)

Fig. 11 shows chips cut by a hardmetal finishing
cutter (fig. 8). There are no box chips and the length of the
chips does not exceed 10-16 mm while the length of the
tooth cutting edge of the milling cutter is 20 mm. The
length of the teeth cutting edge of the teeth in the
developed designs of milling cutters does not exceed 20
mm and is the same for the modules with m = 12-65 mm.
In this case, a number of teeth of the cutter is byl.5-2
times greater than the milling cutters of other designs
have.

Chips (fig. 11) are compactly twisted, and their
backside is shiny, which indicates a free cutting process,
minor efforts and deformations in the SPEED system.

Hardmetal hob cutters with m = 12 - 65 mm (fig. 12)
that have disposable rotary tools made of BK 10-XOM
alloy were designed to improve the milling cutter.

Fig. 12. The right housing of a special hardmetal milling cutter
with m=20 mm that has hardmetal disposal rotary tools made of
the BK 10-XOM alloy

Under the factory conditions at the PrAT “NKMZ”,
hardmetal hob cutters with disposable rotary tools were
designed and calculated by modelling and a solid model
was obtained on SOLID WORKS programme. The
control programme was further developed for machining
grooves for inserts that are tangentially placed using a
numerically controlled machine tool manufactured by the
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firm “Ferrari” (Italy). The machining time for cutting the
grooves of a cutter housing isTmach= 16-20 hours.

Finishing the teeth of the worn and conditioned large
gear rims can be further intensified by increasing the lobe
configuration of hob cutters.

While gear machining, long-pitch multi-thread hob
cutters (m> 12) of the standard design were not spread due
to manufacturing complexity, a comparatively small
number of cutting teeth and so on (fig. 13).

The designs of double-flute hardmetal hob cutters
suggested in this work allow them to be used for
machining the worn and conditioned large gear rims with
the tooth module with m = 12-40 mm.

Fig. 13. A rough hob cutter with m=28 mm “Progress” with a
prominence and a chip control flute on the teeth of the starting
taper

Two milling cutters are designed — special double
and universal single ones [7, 11, 12]. A distinctive feature
of a special double-cased cutter is the displacement of first
A flutes (fig. 14) from the starts of the second B flutes by
the angle Q = 180°. The angle of teeth profile of this
milling cutter depends on a number of teeth of the
machined wheel («a,=5°19°30") and the ranges of its

usability are determined like special single flute cutters

[3].
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the start of the
second flute

the start of the
first flute

Fig. 14. The basic design of a double-cased special double-flute cutter (o, =5° — 19°30")

The first flute of the cutter (1) (fig. 14) machines the
right flank of the wheel teeth along the active patch BE of
the machine line of engagement BE, while the second
flute (2) machines the left flank of the teeth along the
patch B'E’. The taper angle of the flutes screw thread
equals to the machine angle of engagement of the “tool-
workpiece” pair, in the instant case — «, =20°. Fig. 14
shows that the bottom boundary points B and BI of the
teeth involute flanks are machined at the moment when a
tooth of a wheel placed on the interaxial perpendicular
shift to the right or to the left by S, angle. Consequently,
basing on the kinematics of the coupling of a tool and a
workpiece, the start points of cutter flutes (fig. 14) should
be shifted by 6, angle.

Let us determine the angles B and 6’Z:
o0

36
B =0p=(rp—1,)=0y —[Zk—uy}

1)

where y, is the angle that corresponds to the setup
distance ly (fig. 14).

u :arcsinlly (2)
y I
b
where 1, is the radius of the basic circumference of the
wheel teeth.
Basing on the kinematics of the machine
engagement of the double-flute cutter, the angle 6, is

determined according to the dependence:

0

360
92 =,8ka :(ab _T+ﬂk)zk' 3)

Like angles @, 72, #  the angle % depends only
on a number of teeth 2k of the machined wheel. Angle
ranges within a number of teeth % = 30-200 are
presented in table 1.

Table 1. Changes of the angle of shift of 8, flutes
Zk 30 60 100 150 200
®z | 104039' | 103039' | 103025' | 103019' | 103014’

Table 1 shows that when a number of the wheel

teeth z, increases, the angle 6, decreases. The angle 6,

within z, = 30-200 changes insufficiently and equals to

1%25' only. Therefore, it is sufficient to make a cutter with
the angle of flutes shift &,=104039" and this cutter can

machine the wheels of the whole range of teeth.

The cutter provides the most qualitative machining if
a number of teeth of the cut wheel is not divisible by a
number of the cutter flutes, i.e. by two. Only in this case,
each cutter flute cuts all slots of the wheel teeth and both
involute flanks of the teeth can be machined completely
and identically.

The results of the research

When a wheel is machined by a milling cutter with a
number of teeth that is divisible by two, only a half of the
wheel teeth can be fully machined in one operation.
Therefore, after the first operation of the tool, the wheel
should be rotated by one angular pitch of the teeth and one
more operation should be performed.

The design parameters of hob cutters, especially
multi-flute ones, significantly affect the quality and
precision of machining gears. In this regard, such
parameters as faceting and waviness of the working
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involute flanks of the teeth are considered. Both the
studied above designs of double-flute cutters and single-
flute standard cutters of known designs ensure the same
faceting and waviness on the wheel teeth flanks. 0.6-0.8
rotation of each flute is engaged in profiling the involute
flank of the wheel teeth by double-flute milling cutters,
while in the context of single-flute cutters 1.2 — 1.8
rotation are needed; however, the suggested double-flute
cutters have a number of teeth placed along the rotation
circuit that is twice as much.

The amount of calculated or geometrical waviness
on the processed surface of the wheel teeth is calculated
by a set of design parameters of the cutter and a workpiece
that is machined, that is by the profile angle of the cutter,
its dimensions, the helix angle of the wheel teeth and so
on. To determine the magnitude of the geometric
waviness, the equation of the path of the tooth cutting
edge point of a hob double-flute cutter in relative motion
can be used. The waviness parameter h, on the machined

surface of the wheel teeth can be determined by the
coordinate of the point of intersection of the two
projections of the cutter tooth path that are shifted relative
to one another by the amount of the tool feed S. The initial
dependence for determining the wave height h, is:

B "o . b . .
hy =21, cos(ﬂ—;)smi—rf siny, smﬂy, 4)

where 1, is the radius of the rotation of a wheel tooth point

adjacent to the corresponding point of the cutter tooth;
r; is the radius of the rotation of the target point on the

cutter tooth; B is the central angle corresponding to the
distance from the machine axis to the target points of the
pair “tool — workpiece”; vy is the target angle of the wave
formation; By is the angle of bringing a cutter in the
machine support into operation position.

The equation (4) is used for calculating the amount
of waviness in case of machining the wheel by a single-
flute hob cutter under the standard pattern of cutting and
by a double-flute sinlge-casing cutter, the basic design
parameters are given in Table 2.

Table 2. Hob cutters specifications

The calculations were carried out under the same
tool feed rate S = 4 mm/rev and while machining spur
gears with the module m = 20 mm and a humber of teeth
z, = 40 and z, = 200. The calculated amounts of

waviness are obtained at the tips of the wheel teeth, i.e. in
the places where the waviness is of the largest amount.
The results of calculations are presented in Table. 3.

Table 3. Calculating the amounts of waviness height h;,

Hy
Cutter design , Mem
Z, =40 Z, =200
Single-flute standard 35 27
Double-flute one-cased 70 58

The data from table 3 show that a double-flute cutter
produces waviness on a machined surface that is twice as
large as the waviness formed by a standard single-flute
cutter. This happens due to the greater curvature of the
trajectory of the motion of its teeth while machining. The
waviness does not exceed the allowance for the wheel
teeth profile within 8-9 degrees of precision according to
GOST 1643-81, which is quite acceptable for pre-
processing before subsequent gear grinding or other types
of finishing.

The waviness in case of finishing milling limits the
tool feed rate and, consequently, the performance rate.
The suggested designs of double-flute milling cutters
should be efficiently used for preliminary edge cutting
machining the hardened wheels for subsequent gear
grinding. While pre-machining, the tool feed rate is not
limited by waviness of the machined surface but by the
physical and mechanical properties of the material of the
cutting part of the milling cutter and of the material of the
wheel being machined which have a decisive impact on
the durability of the tool.

The discussion of the results

Parameter meanings
Single-flute Double-
Parameter name standard | flute sinlge-
(STP 48- casing
15-70)
outer diameter D, mm 295 295
a number of teeth at the length 10 18
of one thread turn z¢
the angle of the teeth profile «, 200 200
the angle of the turn gradient T 4046' 9028'40"
the radius of the cutter tooth 104,24 103,19
rotation that produces waviness
at the tip of the wheel tooth
re, mm

The previously described universal designs of
hardmetal cutters can be profiled according to the
considered technique on the basis of the involute hob. The
need for such profiling arises both while the final edge
cutting machining of hardened wheels in order to reduce
noise and increase the smoothness of the transmission
operation and with preliminary edge cutting machining of
the teeth for subsequent tooth grinding. The abrasive tool
coupled with a workpiece in a machine reproduces a
theoretically exact involute on the gear grinding machine.
The approximation of the profile of the wheel teeth to the
theoretical involute already at the stage of preliminary
edge cutting machining enables significant reducing the
time for low-performance gear grinding of a worn and
reconditioned large gear rim.

The universal double-flute cutter (fig. 15) has the
standard angle of teeth profile «,=20° Its screw

addendums of the case are conical and placed opposite to
one another and the start points of the addendums have an
angular shift within the teeth being machined Z, =30-300

equal to Zoffset.= 104°0' [7, 9].
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Both suggested designs of double-flute milling
cutters ensure the most qualitative machining in case if a
number of teeth of the cut wheel is not divisible by a
number of cutter flutes, i.e. by two. Only in this case, each
flute of the milling cutter participates in shaping all the
slots of the wheel teeth and complete and identical
machining of both lateral involute tooth flanks will be
achieved.

While milling a wheel with a number of teeth
divisible by two, only a half of the wheel teeth can be
completely machined in one operation. Therefore, the
wheel should be rotated by one angular teeth pitch after
the first operation of the tool and one more operation
should be performed.

\N\\\‘

A o ]

Fig. 15. The basic design of a sinlge-casing double-flute cutter

The design parameters of hob cutters, especially
multi-flute ones, significantly affect the quality and
precision of machining worn and reconditioned large gear
rims. At the same time, such parameters as faceting and
waviness of the working involute surface of the teeth are
considered [1, 9, 12].

For the efficient use of the technology for
reconditioning large high precision gear rims, heavy
hobbing machines with a mechatronic control system
should be re-engineered to ensure cutting speeds of up to
3-5m/s.

Conclusions
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Industrial confirmation of the possibility and
expediency of using hob cutter with a prominence
(m = 20-28 mm) while rough cutting of worn and
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ONTUMIBALIA TEXHOJIOI'I BIJHOBJEHHS KPYIIHOI' ABAPUTHUX
3YBUYATHUX BEHIIIB IIIIBUIIEHOI TOYHOCTI

IIpeaMeToM IOCTIKCHHS € MUTAHHSA, MOB'SI3aHI 3 ONTHUMI3Ali€I0 TEXHOJIOTIi BiTHOBJICHHS BEJIMKOra0apUTHUX 3yOUYacTHX BIHIIIB
MiABUIICHOT TOYHOCTI MPUBOAIB TIPHUUOA00YBHUX KOMIUICKCIB, IIAXTHOTO MiAHOMHOTO 00JaIHAHHS, BAKKUX TPAHCIIOPTHUX 3ac00iB
1 € aKTyaJIbHIM HaIpsSMKOM IO 3HW)KCHHIO BHTPAT Ha BIJHOBIICHHS 1 €KCIUTyaTalliF0 JOPOTOro YHiKaJdbHOTO oOnamHaHHS. Meta -
3a0€e3MeYnTH IHTEHCH(DIKAIiF0 BUPOOHHUYUX IPOLECIB, 30UIBIICHHS POOOYMX HABaHTA)KEHb, IIBHAKOCTECH, 3HMIKCHHS 3HOIIYBAaHHS
3yO4acTHX BIHIIIB MiIBUINEHOI To4HOCTI. 3aBaaHHs. Po3poOka HOBOiI TEXHOJIOTIT ONTHMI3aIlil BiJHOBJICHHS BEIMKOTA0APUTHUX
3y0UacTHX BIiHINB IIJBHINEHOI TOYHOCTI, JUII YOTO 3alpOIIOHOBAHO MeToJ OOpoOKHM 3yOiB IiCis HAIUIaBKH IOTIEpEeTHIMHU
(dpe3epyBaHHAM CIEIiAIbHUMH YEpB'SITYHUMU (Dpe3aMHu 3 «IpoTyOepaHieM» i 0CTaTOYHOT 0OpOOKH 3y0iB CICIialbHUMHU (pe3amH,
OCHAIIICHUMU TBEPAOCIUIABHUMU IIJIACTUHKAMH, SIKI BHUPOOJISAIOTH 0OpOOKYy 3yOiB IO JIiHII 3a4eruieHHs, Ha 40ro He MOTPiOHO
BHUTOTOBJIATH PiKydi 3yOn (pe3 mo BCidt DOBKHKHI, 10 3HAYHO IiIBHUINYE SIKICTH 0OPOOKH, MiIBHICHHS CTIHKOCTI (pe3, OCHAICHUX
TBepIUM cruiaBoM. [Ipomec BiZHOBIEGHHS BeIMKOTa0apUTHHX 3yO4YacTMX BIHLIB MIiABUIIEHOI TOYHOCTI BIZHOCATBHCA MO
pecypco30epiraroynx TEXHOJOTiH, TOMy IO B NOPIBHSHHI 3 BHTOTOBJICHHSM HOBHX JieTajled 3HAYHO CKOPOUYIOTHCS BHTpPATH Ha
Martepiajiy IPH BUTOTOBJICHHI, 3MEHINYETHCS KiTbKICTh TEXHOJIOTIYHHX OIepaliif, 3HIKYIOThCSI BUTPATH Ha BepCTaTHe OoOJIaHAHHS,
MIPUCTOCYBAHH, PLKYIHI 1 BUMIpIOBAIBHUH iHCTpyMeHT. I1maBHa pobota 3ybuacTtoi mepenadi Moxke OyTH 3abe3ledeHa TUTBKH IpH
MOCTIHHOMY TepelaTHOMY BiIHOIICHHI, aje Yepe3 IMOXHOKM BHTOTOBJICHHS 1 IMOXHMOOK, MOB'I3aHMX 3 EKCIUIyaTalli€ro, BEIMYMHA
repeAaBajbHOr0 YHCIa B KOKEH MOMEHT 4YaCy HE € IIOCTIHHOIO, IO MPU3BOAUTH OO0 IHTCHCH(IKAIil 3HOCY BEIMKOrabapUTHHX
3yO0yYacTHX BIHI[IB MiJBUIICHOT TOYHOCTI. Pe3yabrarm. OTpUMaHO NPOMHCIIOBE MIATBEPHKCHHS MOMIIMBOCTI 1 JOLIIBHOCTI
3aCTOCYBaHHS YepB'sIYHUX (pe3 3 «mpoTydepannem» (m = 20—-28 MM) npu YOpHOBOMY 3yOOHapi3yBaHHI 3HOIIEHHUX 1 BiTHOBICHHX
BEJMKOTA0APUTHUX 3yO4yacTUX BiHIIB. [Ji1 OTpHMaHHS HEOOXiTHOI CTIMKOCTI YOPHOBUX (pe3 KyT Mmpodiito «IpoTyOepaHIs»
PEKOMEHIIYEThCSI TIPU3HAYNTH B Mexkax 8—10 °. 3acTocyBaHHS IPU YHCTOBOMY 3y0O(pe3epoOBaHHIO YepB'STYHUMH TBEPAOCIUIABHUMHU
(bpe3aMu TO3BOJISE MIABUIIMTH IPOXYKTUBHICTH OOpoOKM B 2 — 3 pa3u B NOPIBHSHHI 3 IIBHIKOPI3IBHUMH (pe3aMu iHIIHX
KOHCTPYKIIIH 1 OTpUMATH HEOOXIHI SAKICTh 1 TOUHICTh BUTOTOBJICHHS 3HOIICHHX 1 BIJHOBJICHHX BEJIUKOra0apUTHUX 3yOYaCTUX BIHIIIB.
BucHoBku. Po3po0ieHO Ta BOpOBaKEHO TEXHOJIOTIIO ONTUMI3aIlil BiTHOBICHHS BEJIIMKOTA0ApUTHUX 3y0YaCcTHUX BIHIIIB IiABHIECHOT
TOYHOCT] 13 3aCTOCYBaHHSIM KOHCTPYKIIi CIEIiadbHUX 1 YHIBEpPCATbHHUX ONHO - 1 JIBYX3aXOJHHX TBEPIAOCIUIaBHHX (pe3, sK 3
NIepEeTOYYBaHIUMH PKYIUMH €IEMEHTaMH, TaK i 3 HeIepeToIyBaHUMH IIOBOPOTHUMH IUIACTHHKAMHU.

KnrwouoBi cioBa: HOBa TEXHOJIOTIS ONTHMI3allii, BiJHOBJICHHS BEIUKOTaOApUTHHUX 3yO4YacTHUX BIHINB, MiJBHUIICHA TOYHICTH,
4epBsa4Hi Gpe3n 3 «IpoTydepaHiem», crierianbHi ppes3n, 06podka 3y0iB 1o JiHIT 3a4eIUICHHS, MiABUIIEHHS IKOCTI 00pOOKH.

OoNNTUMM3ALIUA TEXHOJIOI'MU BOCCTAHOBJIEHUSA KPYITHOT'ABAPUTHBIX
3YBYATBIX BEHIIOB MOBBIINEHHON TOYHOCTH

IpeameToM uccIeIOBaHUs SBISIOTCS BOMPOCHI, CBS3aHHBIC C ONTHMHU3AIMEH TEXHOJIOTHH BOCCTAHOBICHHUS KPYMHOTaOapUTHBIX
3yO4aThIX BEHIIOB TOBBIIIEHHOH TOYHOCTH MPHBOAOB TOPHOMOOBIBAIOIINX KOMIUIEKCOB, INAXTHOTO IOJBEMHOTO O00OpYIOBaHHS,
TSDKEJIBIX TPAHCIOPTHBIX CPEACTB M SBISIOTCS AKTyaJlbHBIM HANpaBlICHHEM I10 CHIDKEHHIO 3aTpaT Ha BOCCTAHOBJIGHHE U
9KCIUTyaTallMI0 JOPOTOCTOSIIEr0 YHHKaJdbHOTO oOopynoBanus. Lleab — oOecrednTh WHTEHCH(UKAIMIO TPOU3BOJICTBEHHBIX
MPOLIECCOB, YBEIMYCHHE Pa0OYMX HArpy30K, CKOPOCTEH, CHW)KCHHWE M3HAIIMBAHHs 3yO4YaThIX BEHIIOB TOBBIIIEHHOW TOYHOCTH.
3ananue. Pa3paboTka HOBOM TEXHOJOTMH ONTHMHU3AI[MH BOCCTAHOBIICHHS KPYITHOTa0ApUTHBIX 3yOYaThIX BCHIIOB IMOBBINICHHOM
TOYHOCTH, JUIS Y€ro MPEeAoXKeH METoJ 00pabOoTKH 3yObeB IOCIE HAIUIABKU MPEIBAPUTEIBHBIM (pEe3epOBaHUEM CIECIHATBLHBIMU
YEePBIYHBIMH (pe3aMu C «IpoTyOepaHIeM» M OKOHYATCIHHOH 00paboTKH 3yObeB CHEIHATbHBIMUA (pe3aMu, OCHAIICHHBIMH
TBEPOCIUIABHBIMU IIJIACTUHKAMH, KOTOPBIC TMPOU3BOIAT 00pabOTKYy 3yObEeB IO JIMHUM 3alleIJICHHUS, JUIS Yero HE HYXHO
W3TOTAaBIMBATh PEXYIINE 3yObs (pe3 Mo Bcell UTMHE, YTO 3HAYMTEIHHO MOBBIIIAET Ka4eCTBO OOpPaOOTKH, MOBBIIIEHUE CTOMKOCTH
(dpe3, OCHAIIEHHBIX TBEPIBIM CIIaBOM. lIpormecc BOCCTaHOBICHHUS KPYITHOTa0APUTHBIX 3yOUaTHIX BEHIIOB TOBBIIIEHHOH TOYHOCTH
OTHOCATCSI K pecypcocOeperaronM TEXHOJIOTHIM, TaK KaK I0 CPaBHEHHWIO C W3TOTOBICHHEM HOBBIX JETalleil 3HAYHTEIHLHO
COKpAIL[AIOTCS 3aTPaThl HA MAaTEPHAIbI TPU H3TOTOBIICHUN, YMEHBIIIAETCS YHUCIIO TEXHOJIOTHUECKHIX ONepanii, CHIKAIOTCS 3aTpaThl HA
CTaHOYHOE 000pyI0BaHKE, IPUCITOCOOTCHHS, PEXKYILUI 1 U3MEPUTENbHBIN HHCTpYMeHT. [ImaBHas padbota 3y04aToil mepejadyi MOKET
OBITH OOECTieUeHa TOJBKO MPU MOCTOSHHOM TEPEIATOYHOM OTHOIICHHH, HO HM3-3a MOTPEIIHOCTEH M3TOTOBICHUS U TIOTPEITHOCTEH,
CBSI3aHHBIX C DKCIUTyaTalyel, BEJIMYMHA [TEPEIATOYHOIO YKCIIa B KaXIbIi MOMEHT BPEMEHH HE SIBJISIETCS TIOCTOSIHHOM, YTO MTPUBOUT
K WHTCHCH(UKAIMK W3HOCA KPYMHOTAaOAPUTHBIX 3yOuyaThIX BCHIIOB TMOBBIIICHHONW TOYHOCTH. Pe3yiabTarnl. [lomydeHo
IPOMBIIUICHHOE TOATBEPIKICHHE BOZMOXKHOCTH U L[eJIeCO00Pa3HOCTH MPUMEHEHUsI YepBsIuHbIX (pe3 ¢ «rmporydepanuem» (m=20-28
MM) TIpH YE€PHOBOM 3yOOHape3aHWH H3HOIICHHBIX W BOCCTAHOBJICHHBIX KPYIMHOTa0ApUTHBIX 3yO4aThIX BEHIOB. s momydeHus
HEOOXOJMMOW CTOMKOCTH YEpHOBBIX (pe3 yronm mpoduist «npoTyOepaHIa» pPEKOMEHAYeTCs Ha3HauuTh B mpenenax 8-10°.
[IpumMeHeHHe TPU YUCTOBOM 3y0O(hpe3epoBaHWU YEPBSYHBIX TBEPAOCIUIABHBIX (pe3 MO3BOJSIET MOBBICUTH MPOHM3BOIAUTEIHLHOCTD
00padoTKu B 2 - 3 pa3a 1o CPaBHEHHUIO ¢ OBICTPOPEKYIIMMHU (pe3aMu JAPYrUX KOHCTPYKIMHA U MOJYYUTh HEOOXOJAUMbIE Ka4eCTBO M
TOYHOCTh HW3TOTOBJICHHS M3HOIICHHBIX M BOCCTAHOBICHHBIX KPYIMHOTA0APUTHBIX 3yOuaThiX BEHIIOB. BbIBoABI. Paspaborana u
BHCIPCHA TEXHOJOTHS ONTUMH3AIMH BOCCTAHOBICHUS KPYMHOTaOApUTHBIX 3yOYaThIX BEHIIOB MOBBINICHHOW TOYHOCTH C
NPUMECHECHHEM KOHCTPYKIMH CIHCIUATBHBIX W YHHBEPCAJIbHBIX OJHO - W JIBYX3aXOIHBIX TBEPAOCIUIABHBIX (pe3, Kak ¢
MepPETauNBACMBIMU PEXKYIIUMHU 3JICMEHTAMH, TaK U C HEMIEPETAYNBACMbIMU TTOBOPOTHBIMH TTACTHHKAMH.

KnioueBbie ci10Ba: HOBasi TEXHOJIOTHS ONTHMH3AINH, BOCCTAHOBICHHE KPYIMHOTA0APUTHBIX 3yOUaThIX BEHIIOB, IMOBBIIICHHAS
TOYHOCTh, YCPBSYHBIC (PPE3bI C IPOTYOEpaHIeMy, CIeHUalbHbIe (pe3bl, 00paboTka 3yOheB MO JIMHUU 3aIICTUICHHS, TTOBBIIICHIC
KadecTBa 00pabOTKH.




