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Summary. The construction of an information model of the processes of gear processing of hardened
large-modular chevron gears is one of the stages of control of the technological structure and parameters of the
automation of the design of the technological process. Taking into account the principles of information
classification, the automated gear processing process is considered as a control object, consisting of a number of
technological objects: initial material (input of the control object); environment (process conditions); gear wheel
(output of the control object, quantitative and qualitative characteristics of the surface layer) The construction of
an information model of the processes of gear processing of hardened large-modular chevron gears is one of the
stages of control of the technological structure and parameters of the automation of the design of the technological
process.
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Statement of the problem. Methods of forming of chevron gears that affect the depth
and degree of strengthening of the surface layer largely depends on a number of factors, such
as elements of cutting conditions, geometric parameters of the tool and condition of the cutting
blade of the milling cutter tooth, properties of the tool and the processed materials, type of
cutting fluid, and the cooling scheme.

Analysis of available research. In the design of a milling cutter on the processed tooth
surface of finishing gear hobs, the productivity was tried to achieve in the following way: by
increasing of cutting speed and increasing of tool feed.

Objective of the investigation is to consider and analyse the analytical approach to
determination of the surface strengthening of gear wheels adn to investigate the influence of
technological factors on quality parameters of involute surfaces of cylindrical chevron gears.

Statement of the task. Force and temperature factors will influence the degree of the
strengthening of cylindrical chevron gears (figure 1) in all methods of their mechanical
processing.

Figure 1. Cylindrical chevron gear
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Analytical approach to determination of surface strengthening of chevron gears

Considering that almost all tools (milling cutters equipped with cemented carbide and
mineral-ceramic cutting inserts, rollers) used in machine processing have a rounded working
section with a given radius value, to determine the strengthening of the surface layer from the
force factor we simulate the working section of milling cutter with a spherical indenter [1, 2,
4]. When a spherical indenter indents the surface of the material, the force acting on it is related
to the indentation diameter:

P =mdy @
where do is the diameter of the indentation; m and n are coefficients depending on the material
properties.

By calculating the diameter of the indentation through the area of the plastic indentation
we obtain:

44,1 0

Deformation forces according to the developed theory of contact interaction:

n/
P= m4AT 2. (3)
b4

Substituting (2) into (3), we obtain the equation for the degree of strengthening

. m (i)n/zAgn/z_l), @)

0,6c'or \m

where 0,6 is a coefficient that takes into account transition of plastic deformation on the basis
of roughness protrusion.

Thus, (4) is a starting point for calculating the degree of strengthening during gear
milling without taking into account temperature changes [4, 5, 6, 8, 12].

In each case the area A, is determined by processing conditions. The coefficients m and
n are determined by Rockwell hardness tests (HRC) at different loads. Thus, for some materials
the values of these coefficients are given below:
Steel grade: 40 45 40Cr 18CrNi3  34CrMo 3Crl3 Crl18Ni9Mn 38CrlNi

m 44 56 63 135 75 61 40 63

n 2,322,31 2,32 2,31 2,29 2,31 2,26 2,32/

During gear milling, the contact area of the cutter with the processed spur gear that
determines the degree of strengthening:

Ah

Ahy,
A, = |arc cos (1 — 7) + hs

sina

t—R R
X [ —Z 4 4arc cos (1 ——Z)] , 5)
sin ¢ r

where 44 is the elastic-plastic layer of the processed material; hz is the wear on the rear surface
of the cutter; 4h, is the value of elastic recovery, calculated by the formula

Ah, = 2,4(1 — u?) (HE—B)Z. (6)
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Substituting (5) into (6), we obtain the equation for calculating the area of actual contact
of the tool with the workpiece during gear milling:

2T 2,4p(1 — p?) (HB\?
A, = [arc cos (0,5 - —0) + hy + M(—) ] X
or sina E

X [:;R; + 4arc cos (1 - %)].

(1)

In the process of high-speed gear milling the contact area of the cutter with the
workpiece:

2
27, TParccos [1 —-24(1 —pu?) (HE—B) ]
A, = |arccos (0,5 - O'_T) + 90 X

(8)

mpAarc cos (1 - R?)
90

X

During SPD processing the actual contact area of the tool with the workpiece:

180—arccoss_apl
{—— %
180 : (9)

Substituting (7) into (9), we obtain the equation for calculating the degree of
strengthening at blade gear processing from the force factor:

m (4 n/, J[arc cos <0,5 — %) +hy+ %;‘uz)(;j)z] Xl(n/z—l)

S—apl

. Ry \ Y0 180—arc cos—; ;
= (3 s 1y,

100 \Rp o 180

_ " : (10)
0.6¢"or \m t—R, R,
L X [ - + 4arc cos <1 - _>]
sin @ P
To calculate the degree of strengthening at high-speed gear milling:
("/2-1)
21, TPATC COS [1 —24(1 —u?) (%)2] 2
"/ 0,5——||+ y
f= e ) reces(05-5) 90 . @y
0,6c'or \m ( u
nmparc cos | 1 )
\ x b
90

Interaction of surface parameters of cylindrical chevron gears with the conditions of
their machining with cutters equipped with cemented carbide inserts [3, 6, 7] is shown in table
1, influence of technological factors on quality parameters of involute surfaces of cylindrical

chevron gears at high-speed gear milling with cutters equipped with mineral-ceramic cutting
inserts is shown in table 2.
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Analytical approach to determination of surface strengthening of chevron gears

Table 1

Interaction of surface parameters of cylindrical chevron gears with the conditions
of their processing with cutters equipped with cemented carbide inserts

Geometric characteristics of machined surface Parameters of
physical and
. . . . mechanical
lgg%ﬂ:;?;ﬂg Roughness parameters a?a:rsgtirs M'C;&‘:;’ZEZ:'S(’” properties of the
P P surface layer
Ra| Rz [ Rmax | Sm | S tp |Rp| Wz | Wm |Smw Hmax Hp HuO| hu | o0 | ho
Feed S, 0 B
mm/min +00+*+*0+000 0 0 + |+ |+ | +
<50 - +* +* +* +* O - +* +* +* +* +* —% +* —% +*
>50
Cutting speed N N
v,m/s ol O T N B I i } R N R R
<0,80 I el R e o R I o B + + + | +* | x| 4>
> 0,80
Cutting depth t +* + sl el B B ol
Rake angle of | +
the cutter - R RS S N el iwl in
>0 I +* +* | +* +| +* * S I
<0 *
Radius of
rounding of +* + +*
cutting edge, p
Roughness of
cutting edge, - 0 + |+ | +* + |+ 4+ |+ |+
Rszp
Stiffness of N
thesystem | [+*| + |[+*|+ |0 |+| + | 0 | O +0 + (0]0|0|O
DTMS
Notes:

1. Symbol «+» means that an increase (or decrease) in a specified machining
condition contributes to an increase or decrease of a certain parameter of surface
quality.

2. Symbol «-» sign means that an increase (or decrease) in a specified
processing condition contributes to a decrease or increase of a certain parameter of surface
quality.

3. Symbol «0» sign means that a change in a specified machining condition
has no effect on a certain parameter of surface quality.

4. Symbol «*» denotes machining conditions which have a major impact
on certain parameter of surface quality.
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Influence of technological factors on quality parameters of involute surfaces of cylindrical chevron gears at high-
speed gear milling with cutters equipped with mineral-ceramic cutting inserts

Machining
conditions

Geometric characteristics of machined surface

Parameters of

) ) o physical and

Roughness parameters Ripple Microdeviation mechanical
parameters parameters | properties of the

surface layer
Ra | Rz | Rmax {Sm| S | tp | Rp | Wz | Wm | Smw Hmax Hp HuO | hu | 60 | ho

Feed per minute,

Smin

+*

+

+

Feed per revolution
So

+*

+*

+*

+*

+*

+*

Feed per hob tooth
Sz

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

Cutup milling

4*

+*

+*

+*

+*

+*

+*

+*

+*

+*

Cutdown milling

+*

+*

+*

+*

Stiffness of the
system
DTMS

4*

Yield strength of
work material,
Om

+*

+*

+*

+*

Original ripple,
Wz,

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

Original
macrodeviation,
Hmaxo

Original
roughness,
Rzo

The reason for the deformation of the surface layer (and therefore the strengthening) is
that metal cutting is carried out with the milling cutter tooth with a radius of rounding of the
cutting edge p and partial elastic recovery of the uncut deformed metal.

Thus, for milling cutters with micrometric adjustment on front and rear surfaces,
sharpened with diamond wheel, the radius of rounding of cutting edge of milling cutter
teeth p =3 ... 10 um, for module gear hobs made from high-speed steel P6M5, with wear on
the back surface 0,1 ... 0,3 mm the radius of rounding of cutting edge of milling cutter
teeth p =20 ... 60 um; for modular cemented carbide hobs T15K6, BK 10 the radius of rounding

of cutting edge of milling cutter teeth p = 80 ... 450 microns.

The considered factors that influence the deformation of the surface layer are manifested

depending on cutting modes, grade of machines and tool materials, tool geometry etc [10].

Thus, metal, that forms the surface layer in the process of cutting, undergoes repeated
plastic deformation. This, in turn, changes all physical and chemical properties and structure of
the metal. According to dislocation theory, the strengthening of the metal in the process of work
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Analytical approach to determination of surface strengthening of chevron gears

hardening is the concentration of dislocations at the shear lines. Atomic layers at the location of
dislocations are elastically distorted in such a way that a local stress concentrator occurs. During
plastic deformation the number of dislocations in the metal can increase by several orders of
magnitude. In undeformed metal the average dislocation density j = 10°~10% cm?, but in hardened
metal it increases to j = 10 cm?. During plastic deformation the strengthening of a metal occurs
due to increase of density of dislocations and interaction of their force fields [3, 6].

The degree of strengthening is characterised by the depth of the plastically deformed
surface layer hc and the degree of work hardening N, that is determined by the formula:

N Hi-H

100% (13)

where H1 is the microhardness of the part directly from the surface; A is the microhardness of
the surface layer at depth of hc.i. According to the changes that occur in a surface layer, the
depth of the hardened layer is determined either by the change of microhardness along in a
cross section or by the change of character of interference lines on radiograph during layer-by-
layer etching of the examined surface [11].

Applied to cutup gear milling the formula for determining the depth of the hardened
layer is as follows:

1-sinf
he = —
2sinf

- sin¥ck, (14)

where ¥, is the sliding angle.
The shear angle g is calculated using the formula:

tgB = OV _ . sinWex (15)
& —siny

where £ is the chip shrinkage; y is the rake angle of the cutter.

The formula (15) is valid when the ratio of depth of relative penetration resulting in
cutting without lubrication is ai/p > 0,5, and with lubrication, ai/p > 0,31. The thickness of the
cut layer aj = Sy-sinWersing.

Technological factors that affect the depth and degree of strengthening of the surface
layer largely depend on a number of factors, such as elements of cutting mode, geometric
parameters of the tool and condition of the cutting blade of the milling cutter tooth, properties
of the tool and the processed materials, type of cutting fluid, and the cooling scheme, etc.

The cutting speed is a factor that determines the rate of plastic deformation of the surface

layer. With increasing strain rate the tensile strength and yield strength of structural materials
increase [7, 9]. The increase of the yield stress reduces the plasticity of the processed material
and acts in the direction of decreasing the degree of strengthening.
The cutting speed determines the duration of the contact between the rear surface of the cutter
and the workpiece. During higher cutting speed, the surface of the part passes through the
contact zone without getting the degree of strengthening that it could have got at a lower cutting
speed and longer contact time.

When the cutting speed increases to a certain value, the plastic zone narrows and the
depth of its spreading decreases below the shear line. The first and the second decrease the
degree of strengthening.

The cutting speed, as a temperature factor, changes the degree of development of the
built up edge in gear milling with modular gear milling cutters made of high-speed steel P6M5
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and it changes the nature of flow and bypass of metal from the zone of chip formation towards
the rear face. The degree of sharpening increases the effective radius rounding of the cutting
edge and thus it increases the work hardening.

The cutting speed affects the change of the intensity of softening process [3, 6]. During
plastic deformation in the surface layers of the metal two processes occur simultaneously:
strengthening and softening. When the temperature and the degree of deformation increase, the
speed of the process of softening, that occurs due to the recrystallization, increases. Increasing
the temperature of the cutting improves the intensity of the process of softening and reduces the
degree of strengthening.

During cutup gear milling at the sliding angle of the cutter W« the increase of contact
temperature to the temperature corresponding to the maximum embrittlement will reduce the
degree of strengthening, and the further increase of temperature should increase the work
hardening, because in this case the flexibility increases.

Conclusions. The results of analytical studies of forming parameters of condition of the
surface layer of cylindrical gears during gear milling, high-speed gear milling and PSD with
thread tapered rolls, their mathematical description and experimental testing allow to establish
the interaction between the parameters of the condition of the surface layer of cylindrical gears
that determine the operational properties with the conditions of their processing. Scientifically
substantiated approach to the formation of parameters of the parameters of condition of the
surface layer of cylindrical gears during gear milling, high-speed gear milling and PSD with
thread tapered rolls allows to manage the parameters of the state of the surface layer, depending
on the type of processing.
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VJIK 658.52.011.56

AHAJITUYHUAM NIIX11 BUSHAYEHHSA IOBEPXHEBOI'O
SMIONHEHHSA IEBPOHHUX 3YBYACTUX KOJIIC

Karepuna KamuaTtna-CrenanoBa

Hayionanvnuii mexniunuu ynigeepcumem « XapKigcbKui noaimexHidyHul
incmumympy, Xapkie, Ykpaina

Pe3rome. Bupobruymeo 6e1ukomMo0yibHUX UleBPOHHUX 3y0UACMUX KOJIIC € 0OHIEIO 3 HAUCKIAOHIUUX chep
6a0ICKO20 MAUUHOOYOYEAHHA | 3 CE0IMU AKICHUMU XAPAKMEPUCTIUKAM NOCMYNAEMbCS GUPOOHUYMEBY Malo- md
cepeOHboMoOYabHUX Koaic OOHe 3 20106HUX 3A80aHb CMAHKOOYOY8AHHS € NIOBUUICHHS AKOCMI NPOOYKYil, wo
BUNYCKAEMbCA, 8 MOMY YUCTI KPYNHOMOOYIbHUX 3Y04ACIUX nepeoay 6axdCKUx MemanopizaibHux eepcmamis,
NPOKAMHUX CMAHIG, PYOOPO3MENbHUX MIUHIB, KPOKYVIOUUX eKCKA8AMOpI8, NIOUOMHUX MAWUH, OYPO8oi mexHIiKuL.
Iobyoosa ingopmayitinoi modeni npoyecie 3y0000pobIeHHA 302aPMOBAHUX KPYNHOMOOYIbHUX 3YOUAMUX KOJIC €
OOHUM 3 emanie YnpasiiiHis MexXHOI02IYHOK CIMPYKMYPOI Ma Napamempamu aemomMamu3ayii npoeKmy8aHHs.
MEeXHOI02IYH020 npoyecy. 3 Ypaxy8aHHsam npuHyunie kiacugixayii ingpopmayii npoyec 3y6006podieHHs, wo
ABMOMAMUZYEMBCS, PO32NAOAEMBCA AK 00 EKM YNPAGHIHHA, WO CKIAOAEMbCA 3 pA0Y MEXHON0IUHUX 00 €KMig:
BUXIOHULL mamepian (6xi0 00’ekma YnpaeniuHs, KiNbKIiCHA | SKICHA XAPAKMEPUCIUKU NOBEPXHEB020 WApy);
MOOYIb 06POOKU 3 CUCMEMOTO YNPABATHHSA U MEXHOLOSTYHUM OCHAUEHHAM (8acHe 00 €Kkm Ynpaeninus). 3a80anms
ONMUMATLHO2O YNPABTIHHA 3Y6000POOIEHHAM DOPMYMOEMbCA AK 3A60AHHA 8UOOPY POPMOYMBOPEHHSA, AKULL
3abe3neuye MaKcuManbHy HPOOYKMUBHICMb I3 3a0e3neueHHAM AKICHO20 NOBEPXHEeG020 Wapy 3a2apmoeaHux
3y0uacmux KoJic npu 3a0aHiti MOYHOCMI 3 YPAXy8aHHIM NOKazHuka cobieapmocmi. Illesponni 3y6uacmi xoaeca
CRPUUMAIOMb 3HAYHI PeBEePCHI HAGAHMAICEHHS, KOIU NPAYI0IOMb 6 YMOGAX GUCOKO20 KOHMAKMHO20 6NIUGY. B
YMOBaAX 0OPOOKU BENTUKOMOOYIbHUX WIEBPOHHUX 3yOuacmux Kojic, 0e Oilomb CUlU PI3aHHS, HCOPCMKICMb
HeOOCMAamHsl, 8eIUYe3HUL BNIUE MAE UOID MEXHONO02IYHUX Pakmopie 00pOOIeHHs HA PO3MID XEUTACOCHIL.

Knrouosi cnosa: ingopmayitina mooens, napamempu, 3y6000po0eHHs, AGMOMAMuU3ayis npoeKmysanis,
onmumanbhe YRPasninHs, SIKICIMb NOBEPXHEBO20 WADY.

https://doi.org/10.33108/visnyk_tntu2021.02.005 Ompumaro 26.04.2021

12 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 2 (102), 2021https://doi.org/10.33108/visnyk_tntu2021.02


https://doi.org/10.33108/visnyk_tntu2021.0
https://doi.org/10.33108/visnyk_tntu2021.02.005

