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ON THE INFLUENCE OF OPERATING CHARACTERISTICS OF GRINDED WHEELS ON
THE QUALITY INDICATORS OF GRINDED PARTS

The quality of the surfaces of roller bearing parts is formed in the process of interaction of the
cutting tool with the surfaces to be treated. In addition to technological factors, a significant place in
providing a quality surface layer is occupied by the correct choice of grinding wheels.

The abrasive tool has different properties depending on its characteristics. When choosing an
abrasive tool, it is necessary to take into account its characteristics and their suitability for a
particular type of work. Stable operation of abrasive wheels depends on the correct choice of their
size, characteristics and modes of operation.

The selection of grinding wheels depends on the type and properties of machined materials,
power of grinding machines, spindle speed, grinding mode, requirements for accuracy and surface
cleanliness and other factors that apply to the workpieces.

Depending on the accuracy requirements for machining parts made of different materials, the
characteristics of abrasive wheels are selected, the main of which are hardness, grain size, bond,
structure, shape, size and allowable speed.

Keywords: granularity, grain material, hardness, grinding, tool.

Introduction. In the technological cycle of bearing production the leading place is occupied
by grinding operations of processing of surfaces of details of roller bearings. If the processes of
manufacturing rolling elements consist of procurement processes and abrasive machining operations,
the technological process of manufacturing bearing rings consists of procurement, turning and a
number of grinding and finishing operations of abrasive machining.

The main content. Bearing manufacturing technology is a complex production process that
consists of a number of basic and auxiliary operations [8]. For automated readjustment production, the
typical structure of manufacturing technology remains virtually unchanged, but the technological
modes, equipment, tooling are constantly changing [5], and this requires operational design and
technological training.

Due to the complexity and the above features of the technological process [3], the enterprises
for the manufacture of bearings operate flexible automated production [7]. Such productions include at
least three main subsystems: a flexible automated production complex of the main production, a
flexible automated system of technological preparation of production and an automated system of
operational management, including the processes of its preparation and readjustment [8].

According to this concept, automated technological complexes (ATC) are created in

production - functionally interconnected sets of automated process control system and technological
object of control [5]. Flexible ATCs are built, as a rule, on a modular principle: they consist of a group
of interacting modules of varying complexity, having a common coordinating control for both basic
technological operations and for operations of transportation, warehousing, etc. [8].
The principles of construction and operation of automated readjustment production are based on the
basic provisions of the theory of hierarchical multilevel systems, vertical decomposition with priority
of external subsystems [6, 8]. These principles are complemented by the use of horizontal (aggregate)
decomposition of objects and control subsystems at each level, which allows by organizing an iterative
process to synthesize both individual elements and subsystems, and the production system as a whole.

A multi-layered hierarchy of solutions (levels of complexity) and organizational hierarchy are
effectively used for system analysis.

An important place in automated technological complexes is occupied by control and
measurement of parameters at all levels [4]. To ensure product quality, there is a need to sharply
increase the level of technological accuracy, which requires further development of management and
regulation, ie comprehensive development of active control, which is one of the effective methods of
technological quality assurance [8].
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Research results. . Productivity and quality of grinding depends not only on the width of the
wheel and its diameter, but also on the parameters that characterize the abrasive tool. One of the most
important characteristics of an abrasive tool is the grain size (grain size) of the abrasive. Depending on
the grain size, abrasives are numbered. Coarse-grained (2000 - 160 microns) have numbers from 200
to 16, they are called grinding grains. Smaller, with a grain size of 125 - 28 um (grinding powders),
denoted by numbers from 12 to 3. Micropowders with a grain size of 40 to 3 pm are denoted by
numbers from M40 to M5.

Table 1.
Characteristics of grinding wheels
Grain material Grit Hardness Structu | Connection
re
electrocorundum 200-125 Extremely hard | 1-4 ceramic (K)
normal grinding grain (NT), fairly
(12A, 13A, 14A, 15A) hard (DT)
electrocorundum 100-32 medium 5-6 ceramic
normal (12A, 13A, 14A, | grinding grain hardness (ST) (K)
15A) (CTL, CT2, bakelite
CT3) B)
electrocorundum  white | 25-16 medium 7-8 ceramic
(22A, 23A, 24A, 25A) grinding grain hardness (ST) (K)
(ST1- ST3) bakelite
B)

The structure of the abrasive tool is evaluated by the ratio (in%) of the volumes occupied by
the abrasive grains, binder and pores. By changing these ratios, abrasive wheels of different structure
and properties are obtained. There are 12 numbers of structures. The lowest number of porosities (60%
grains, 40% ligaments and pores) corresponds to the largest number.

The type of grinding wheels is also characterized by the shape. Thus, the circles of the straight
profile denote PP.

An important characteristic of the abrasive tool is also a binder (inorganic, organic, metallic),
which unites the abrasive grains into a single whole. In practice, the tool is widely used using an
inorganic binder based on refractory clay - ceramic (K), based on synthetic resin - bakelite (B), rubber
and sulfur - volcanic (B). Metal binders consist of a metal base (powders Al, Cu and others) and a
filler. They are used mainly in diamond wheels.

Another parameter that characterizes the abrasive tool is its hardness. This indicator
determines the resistance of the binder to the removal of abrasive grains under the action of external
forces. A scale has been developed that has seven hardness classes (they are also divided into several
degrees): T - hard, ST - medium hardness, DT - very hard.

The high hardness of the grinding wheel is one of the causes of scorching of the surface layer
of the bearing rings, which is not allowed by the technical conditions. Therefore, the grinding wheel
after its selection is checked for hardness by one of the methods:acoustic (GOST 25961-83);
sandblasting (GOST 18118-79); indentation of the ball (GOST 19202-80).

Promising areas in the field of grinding, which reduce the energy consumption of processing,
increase productivity, as well as improve the surface layer of parts made of the above materials and,
consequently, increase their life, is the use of intermittent and electroabrasive grinding.

Intermittent grinding wheels show the advantage of these grinding processes in terms of
specific energy consumption, stability, preservation of cutting ability.

Grinding wheels with an intermittent cutting surface can be divided into intermittent,
composite and combined. Working surface of intermittent grinding wheels developed by Yakimov OV
made in the form of alternating cutting protrusions and depressions.

Based on them, it is possible to assess the effectiveness of the implementation of technological
measures in the operations of mechanical abrasive processing.
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One way to reduce the heat stress of the grinding process is to use wheels with low hardness.
Such circles work in the mode of self-sharpening, but have a large dimensional wear, which leads to
an increase in the time spent on editing the circle. Increasing the hardness of the wheel leads to the fact
that the wheel operates in a constant blunting mode, which on the one hand leads to a decrease in
surface roughness [4], and on the other hand to increase the tangential cutting force during grain wear
and, consequently, to increase temperature in the cutting zone [6, 7, 8]. The advantage of grinding
wheels of greater hardness is their high dimensional stability, which is a necessary condition during
machining with high accuracy. It is necessary to develop measures
The material of the abrasive grain, the hardness and bond of the wheel depend on the material of the
workpiece, its hardness, as well as the speed of rotation of the wheel. The grain size of the circle
depends on the regulated parameters of the surface roughness. Liquid medium, solid lubricant or ZOR
in the form of an aerosol can be used as ZOR during grinding, The choice of type and brand of ZOR is
carried out in accordance with the recommendations given in the reference literature [6]. However, it
should be noted that no matter how effective ZOR is used, it does not completely solve the problem of
providing grinding without annealing [8, 9].

According to the general equation of the grinding process
S, =8, s, T8, (1)

where SPD is the magnitude of the elastic deformations of the system.

Based on the methods of the theory of automatic control [3] using transfer functions, the
transfer function of an open system, the initial value of which is the removal of the allowance sd:
1
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where K,= K3/K; _ transmission coefficient of the open system of the object;
T,= 1/x,K; _time constant of the open system of the object.

The transfer function of a closed system of the control object
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where k_, =k, /(1+k,) = K;/(k, + K;) - transmission coefficient of a closed system of the object;

T,=T,/(1+x,)=1/ [k, (x, + K3)]- time constant of a closed system of the object.

Thus, the transfer function of the control object for grinding the inelastic part corresponds to
the aperiodic link with a time constant Tzm and a transfer coefficient kzm.

Cutting tool - the grinding wheel has an independent drive. For internal grinding machines, this
is usually a spindle - a motor that provides a high speed with minimal vibration. The circle is mounted
on a frame, which is installed in the spindle and provides rotational movement and rectilinear
movement along the axis. In addition, the spindle can move at different speeds in the transverse
direction.

The grinding wheel is inserted into the hole of the ring, has a speed of approximately 20 - 80
thousand rpm and during grinding makes rectilinear movements back and forth (oscillates) along the
axis of the ring by an amount of approximately 2 - 6 mm. Grinding can be performed in two modes:
mortise grinding - the grinding wheel is forced to feed in the direction of the grinding surface [1], and
care - the grinding wheel is not fed to the grinding surface by transverse feed, and grinding is due to
stress equalization in the process system arose during mortise grinding. Accordingly, grinding in the
mode of care is in the nature of a "damping" process and after some time stops. According to the
amount of feed mortise grinding is divided into rough and clean [9].

Characteristics of centerless grinding are shown in table 2.
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Table 2
Grinding modes and operation time
Nep/p Grinding mode Symbol. One dimension.
1 part rotation speed Vdet m/ min
2 part speed ndet pm
3 speed of rotation of the circle VS.kr. m/s
4 speed of rotation of the circle HULKD. rpm
5 number of double moves ndv.h. dw./min
6 the magnitude of the oscillation Lost mm
7 forced feed Force mm / min
8 draft feed Black. mm / min
9 clean feed Clean. mm / min
10 time for surgery Top with
11 total cycle time Tc with

An important characteristic of the abrasive tool is also a binder (inorganic, organic, metallic),
which unites the abrasive grains into a single whole. In practice, the tool is widely used using an
inorganic binder based on refractory clay - ceramic (K), based on synthetic resin - bakelite (B), rubber
and sulfur - volcanic (B). Metal binders consist of a metal base (powders Al, Cu and others) and a
filler. They are used mainly in diamond wheels.

Another parameter that characterizes the abrasive tool is its hardness. This indicator
determines the resistance of the binder to the removal of abrasive grains under the action of external
forces. A scale has been developed that has seven hardness classes (they are also divided into several
degrees): T - hard, ST - medium hardness, DT - very hard.

The high hardness of the grinding wheel is one of the causes of scorching of the surface layer
of the bearing rings, which is not allowed by the technical conditions. Therefore, the grinding wheel
after its selection is checked for hardness by one of the methods:acoustic (GOST 25961-83);
sandblasting (GOST 18118-79); indentation of the ball (GOST 19202-80).

Promising areas in the field of grinding, which reduce the energy consumption of processing,
increase productivity, as well as improve the surface layer of parts made of the above materials and,
consequently, increase their life, is the use of intermittent and electroabrasive grinding.

Intermittent grinding wheels show the advantage of these grinding processes in terms of
specific energy consumption, stability, preservation of cutting ability.

Grinding wheels with an intermittent cutting surface can be divided into intermittent,
composite and combined. Working surface of intermittent grinding wheels developed by Yakimov OV
made in the form of alternating cutting protrusions and depressions.

Based on them, it is possible to assess the effectiveness of the implementation of technological
measures in the operations of mechanical abrasive processing.

The material of the abrasive grain, the hardness and bond of the wheel depend on the material of the
workpiece, its hardness, as well as the speed of rotation of the wheel. The grain size of the circle
depends on the regulated parameters of the surface roughness. Liquid medium, solid lubricant or ZOR
in the form of an aerosol can be used as ZOR during grinding. The choice of type and brand of ZOR is
carried out in accordance with the recommendations given in the reference literature [6]. However, it
should be noted that no matter how effective ZOR is used, it does not completely solve the problem of
providing grinding without annealing [8, 9].

Based on the calculation and analytical method proposed by AP Sokolovsky and later developed in [7,
9] it is possible to pre-determine the amount of error that the part will have after machining. The
method consists in determining the individual components of errors that depend on certain factors and
their sum. The calculation takes into account the following factors that cause the corresponding errors:
geometric inaccuracy of the machine (A1), wear of the cutting tool (A2), thermal deformation of the
technological system (A3), elastic deformation of the technological system (A4), inaccuracy of
machine adjustment (A5), ie determining systematic components of error.
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The magnitude of the total error is generally defined as 4, =4 +4

S

,» where As is the

algebraic sum of systematic errors; A, = \/ (A, +(A,,)* +(A,;)* - random errors determined by

the uneven hardness of the material of the part (Asll), inaccuracy of measurements (Asl2), variable
allowance of the material of the part (Asl3).

When summing up the errors it is necessary to take into account the type of production: single,
small-scale, serial and mass. In single and small-scale productions it is necessary to consider only

systematic errors (4;), because machining in the conditions of such production has a number of
features and the size-force factors influencing exact characteristics of details acquire essential value.
The nature of production in most modern industries can be attributed to small-scale, so the magnitude
of the total error can be defined as

Aam :Al +A2 +A3 +A4 +A4 +A5 +A69 (4)

where 46 - error from the gyroscopic effect.

When processing on equipment in which the stiffness of the front and rear headstock are close
to each other, the error of the gyroscopic effect can be ignored, because it is close to zero.

The error defined by expression (1) is the error of the shape of the part. The geometric error
represents the difference in the corresponding dimensions of the same part due to the drawing, and is
included as an integral part of the total processing error and is the predominant part of 50-70% [1, 2,
3]

The technological process of grinding has a number of significant differences from the
processes of cutting with a blade tool: the chaotic location and variety of a huge number of small
grains on the working surface of the circle; intermittent cutting edge at the grinding wheel; irregular
geometric shape of abrasive grains and the presence of rounded vertices, forming negative front
cutting angles from 40 ° to 150 °; high hardness, sharpness, fragility and heat resistance of abrasive
grains; the dynamic effect of each grain on the treated surface layer; high degree of heating of the
processed material and shavings; high speed and small depth of cutting; dispersion (grinding) of
shavings is accompanied by considerable expenses of energy for overcoming of friction (in 4-5 times
more, than at milling and in 12-15 times more, than at turning).

These features affect the accuracy of processing, roughness and physical and mechanical
properties of the surface layer of the metal, determine the method of analysis and research of grinding
processes.

In the works [7, 11, fig. 1] grinding is considered as a process of mass very thin high-speed
microcutting by individual grains of the grinding wheel. The chips are removed by a single grain in
10-4-10-5 s, ie almost instantly. Abrasive grains have different shapes and sizes, located chaotically on
the periphery of the circle with different depths. Each grain cuts a groove in the metal, which
corresponds to the size and shape of its protruding part. This causes the appearance of longitudinal
surface irregularities, representing a set of randomly arranged protrusions and depressions. The
alignment of irregularities occurs when the set of abrasive grains approaches a continuous cutting
blade, which occurs when increasing the speed of the circle Vk, reducing the speed of the part Vd and
longitudinal feed Spr, reducing the grain size.

The decisive influence of technological parameters of working surfaces on operational
properties is noted in works [1, 3, 7, 11]. For example, the presence of ripples reduces the reference
area of the contact surface by 5-10 times compared to the same surface, which has only micro-
roughness (roughness).
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Fig.1. Working space and elements of the SASL-5D grinder

Conclusions. This paper presents theoretical and experimental studies of the dynamics of the
process of intermittent grinding, in order to develop methods for selecting geometric parameters of
wheels and modes of intermittent grinding for centerless circular grinding machines (mod. SASL 5D,
SASL 5AD SASL125 /1, SASL 200, etc.). A number of studies of the process of intermittent grinding
were carried out and part of the general problem of improving the quality of the surfaces of the parts
of the roller bearings being ground was solved. Rolling bearings as transmission elements in
mechanisms for various purposes are characterized by a number of quality indicators that determine
their performance properties, one of which is the accuracy and quality of rotational transmission, as
well as the accuracy of fittings in connections with other elements of mechanisms.
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PO BIUIMB EKCILTYATAINIMHUX XAPAKTEPUCTUK HIJII®OBAHUX KPYTIB
HA INOKA3HUKHU AAKOCTI JETAJIEM, IO NIJTI®YIOThCS

AHxicmb  nosepxons Oemaneid POAUKONIOWUNHUKIG opMyembess 6  npoyeci  83aemMo0il
Pi3anbHo20 THCMpyMenmy 3 NOGEePXHAMU, SKI nidiseaioms 00pobnennio. OKpiM MeXHONO0STYHUX
YUHHUKIB, 3HAYHe Micye 8 3abe3neueni SIKICHO20 NOBEPXHeB8020 ulapy, Nnocioac npasuibHull Guoip
Wighy8aIbHUX KPY2is.

Abpazusnuil  iHcmpymenm — 60100i€  PI3HUMU  GIACIUBOCHAMU  3AJENHCHO  8I0 1020
xapaxmepucmuk. Ilpu eubopi abpazusnoeo iHCmMpyMeHmy HeoOXiOHO 6paxosyéamu 1020
Xapaxmepucmuxu i 8i0n0iOHIcmy ix 0ist KOHKpemno2o eudy podim. Cmabitvua poboma abpa3ueHux
Kpyeis 3anexcums i0 npasuibHO20 UOOPY ix po3mipie, XapaKkmepucmuKk i pexcumie pooomu.

ITio6ip  wnighysanvhux kpyeie 3anedcumv 60 6udy I eracmusocmel 00poOIIOBAHUX
mMamepianie, NOMYHCHOCMI WIIQYEATLHUX MAWUH, YACMOMU O0O0EPMAHHA WNUHOENS, PeXCUMy
winighysanist, GUMO2 00 MOYHOCMI MA YUCMOMU NOGEPXHI U THIUUX akmopis, sKi eUCy8alomvcsi 00
00pobosanux demalell.

Y sanescnocmi 6i0 eumoc mounocmi 00 00pobnenHs Oemanen 3 pi3HUX Mamepianie
niodUparOMbC XapaKmepucmuKy abpasusHux Kpyeie, OCHOSHUMU 3 AKUX € MBepOiChb, 3ePHUCICb,
36's13Ka, cmpykmypa, ¢hopma, po3mipu i 00nycmuma weuoKicmes 00epmanHs..

KuarouoBi cnoBa: seprucmicmo, mamepian 3epna, meepoicmv, wi)y8ants, IHCmMpyMeHm.
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O BJIMSIHMAM SKCILTY ATALIMOHHBIE XAPAKTEPUCTUKMU HIJITMOOBAHHbIN KPYTOB
HA TIOKA3BATEJIM KAUECTBA JIETAJIEN, YTO HIJIMDVIOTCS

Kauecmeo nosepxnocmeti demaneti porukonooOWUnHuUKos opmupyemcs 8 npoyecce
63aUMOOEICMBUs. UHCIPYMEHMA ¢ NOBEPXHOCMMU, Komopble noonexcam obpabomre. Kpome
MEXHONIOZUYECKUX PAKMOPOB, 3HAUUMENbHOE MECO 8 06eCheYeHUU Ka4eCmEeHH020 NOBEPXHOCHIHO20
CI0sL, 3aHUMAem NPAGUIbHBILU 6b1O0P WIUPDOBATLHIX KPY208.

Ab6pazuensiii uncmpymenm oo61adaem pasiuiHbLMU C6OUCMEAMU 6 3A6UCUMOCU OM €20
xapaxmepucmux. IIpu gvlbope abpasusHo2o0 UHCMPYMeHmMa He0OXOOUMO YHUMbIEAMb €20
XapakmepucmuKku u coomsemcemeue ux 0jisi Kohkpemnoz2o euda pabom. Cmadbuivnas paboma
abpAzUBHLIX KPY208 3a8UCUM OM NPASUILHO20 8bIO0PA UX PAZMEPOE, XAPAKMEPUCHUKU U PEICUMO8
pabomol.

TTo060p uinughosanbHbIX KPy208 3asucum om eudd u C8OUCME 0Opadbamvl8aemMblx MAMeEPUALO8,
MOWHOCIU WAUGDOBALLHBIX MAWUH, YACMOMbL 8PAUEHUSL WUNUHOES, PEXNCUMA UTUPDOBK,
Mpebo6anutl K MOYHOCIU U YUCHOMbL HOGEPXHOCHU U OPY2UX (DAKMOPO8, KOMOpble NPedbaGIsIOmcsy
K 06pabamuléaemvlx demaetl.

B 3asucumocmu om mpebosanutl mounocmu 00 06pabomxu demaneti u3 pasiuiiblx
Mamepuanog noobuparomcst Xapakxmepucmurkyu adpasueHvix Kpy2o8, OCHOBHbIMU U3 KOMOPbIX
AGIAIOMCSL MEEPOOCMb, 3ePHUCIMOCIb, C85I3U, CIMPYKMYpA, (popma, pazmepol u OONYCIMUMAsL CKOPOCHb
epaujeHus..

KuiroueBble cii0Ba: 3eprucmocms, Mamepuai 3epHa, meepoocmy, WaU@O8Kd, UHCHPYMEHN.
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