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Abstract. A physical description of material grindability is proposed as a
property of deformation and surface destruction of processed surface at the
envelope removal. A mechanism for microchip formation is described,
which consists in changing mobility of the metal being grinded in
“abrasive grain - workpiece” contact, which leads to uneven removal of the
energy transmitted by abrasive particle. Criteria for assessing the
grindability of metals and methodology for their determination are given.
In this article, we described an automated measuring complex (AMC
"Grinding"), which was developed, designed and tested by us. This
complex is used to solve the aim of the monitoring of grinding process at
all stages of abrasive treatment and gives the opportunity to make the
adjustments at all stages of the technological process, taking into account
both the properties of the abrasive tool and the properties of lubricating and
cooling technological means and treatment regimes. The principle of
operation of an automated complex is based on statistical analysis of
output energy parameters of technological equipment operation. The
proposed method for evaluating grindability has been experimentally tested
when grinding parts of bearings under production conditions. As a result of
processing the obtained data, rational tool characteristics and grinding
modes were assigned, providing the required quality indicators.

1 Introduction
Significant advances in creation of new materials with high values of hardness, modulus of
elasticity, melting temperature, wear resistance, low values of linear expansion coefficient,
compressibility, thermal conductivity, latent heat served as the basis for manufacture of
machine parts operated under extreme conditions. Availability of a complex of physical and
mechanical parameters of these materials allows designers to apply them purposefully in
design of various technical systems. At the same time, lack of data on processibility of
these materials with metal-cutting tools creates difficulties in development of technological
process of the parts manufacturing.
With the general trend in machine building to reduce the amount of blade processing to
remove significant envelopes, use of high-alloyed and heat-resistant steels and alloys,
technical ceramics, the volume of application of abrasive operations increases [1].
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Numerous studies have shown that performance and quality of abrasive processing of
workpieces from steels and alloys of different composition varies over a wide range [1].
As it follows from work [2], processibility refers to ability of a material to undergo
processing, while, along with removal of the envelope, it is necessary to ensure
technological requirements for quality and precision of processing. Within the framework
of existing ideas [2], grindability of materials is defined as resistance to its destruction
while meeting the requirements for accuracy and roughness of processed surface, absence
of burns. The author [2] formalized a complex of technological constraints and control
parameters, which made it possible to bring the concept of technological processibility to a
mathematical description.
At the same time, there is no answer to the question of choosing a quantitative criterion
related to the physics of surface strength and workpiece destruction at grinding.
As a criterion characterizing the process of abrasive dispersion of workpiece surface,
directly related to surface strength and metal destruction, it was proposed to use specific
fracture work, defined as the ratio of work expended on removing the envelope [3] to the
volume of material being dispersed.
In order to achieve this goal, the task was to establish a mechanism for micro chip
formation at interaction of the workpiece and abrasive grains of the grinding wheel.
According to the data of [3], cutting of metals refers to localized high-energy technological
methods, accompanied by occurrence of interconnected physical and chemical processes.
Earlier [4], a mechanism for chip formation at grinding was proposed. According to [4], the
mechanism of metal dispersion by abrasive grains is implemented as follows. Before
moving abrasive grains, a shock wave is formed, which has energy up to 70 kJ / m3, which
leads to a loss of metal shear stability.
The transfer rate of disturbances at movement of abrasive grain introduced into the
metal will be determined from the dependence [4]:
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where J – is fixed velocity of perturbation of the medium (metal); V – is velocity of
movement of abrasive grain; α – is angle between the vector of fixed conduction velocity of
disturbances.
Change in the metal mobility leads to uneven removal of the energy transferred by
abrasive grain. The amount of energy accumulated in elementary deformable volume of the
metal will be determined from the dependence:
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where dQ – is amount of energy accumulated in the volume dW.
Increasing the size of abrasive grain leads to an increase in the amount of energy
transferred in proportion to the square of the abrasive diameter. Formation of metal chips is
a consequence of its transition from a solid to a plastic state due to formation of a shock
wave in front of the abrasive grain.
The instability and localization of plastic deformation can be explained by various
hypotheses. The main assumptions about the softening of the material are related to the
effect of strain rate, temperature, due to energy dissipation, leading to a change in the metal
structure [5-10].
For manufacturing machine parts operating under conditions of frictional interaction,
complex alloyed compositions and composites with heterogeneous structures are widely
used. There are numerous attempts to establish relationship of wear indicators of parts from
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different materials with their physical and mechanical properties and chemical composition.
In some cases such a relationship can be traced by selecting the conditions of laboratory
tests.
Unfortunately, at present there is no scientifically based method for assessing
grindability of steels, alloys, composites, which allows to establish the influence on it of the
physical and mechanical properties of the materials being processed. As a consequence, the
use of new promising materials is complicated because of a need for long-term
experimental studies in development of technological process of manufacturing parts, in
particular, assignment of grinding modes and tools characteristics.
Works of V.D. Kuznetsov [11] established the proportionality between the volume of
metal dispersed by abrasive sandpaper and the work of friction. As a criterion, the ratio of
the work expended on removing the mass of metal at abrasive dispersion to this mass was
used.
However, according to [11], this approach was considered unpromising, since its effect
extended to all cases of surface dispersion without taking into account the nature of the
phenomena causing the processes of wear, grinding, cutting, chipping [3]. Research
conducted by B.I.Kostetskiy and his scientific school [3] substantiated the energy
connection of the work of friction forces and surface destruction of materials and proved
the possibility of using specific work of wear as a complex physical criterion.
Application of this criterion allows the selection of materials for friction pairs,
lubricants, loading modes [3].
Energy methods for estimating wear rates have been used in tribology for many decades
and were first formulated in the works of Fleischer [11]. According to this theory,
separation of a particle of material wear is a consequence of accumulation of material, in a
certain volume, in the surface layer of a certain critical reserve of internal energy. V.V.
Fedorov [11] proposed to estimate the rate of abrasive wear at friction of the sample on the
abrasive wheel using the formula (3):

U e
nS
V 
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,

(3)

where n, S, t – is, respectively, the number of revolutions of abrasive wheel, contact surface
area of the wheel and workpiece, operating time; U – is critical density of material energy;
UTf –is density of the thermal component of latent energy; U e - is the rate of change of
latent energy in the surface layer of material interacting with the abrasive wheel.

U e - can be calculated by dependencies:
U e   eW ,

(4)

where e - is relative magnitude of the latent energy; W –is power density of friction.
According to [11], the concept of metal processability by cutting implies a set of
interrelated material properties responsible for removing the envelope, which is reduced to
the property of the metal to undergo deformations and destruction when the tool affects the
workpiece.
This property is opposite to the property of material to resist the explosive nature of
fracture at cutting (process time 10-4 - 10-7c, volumetric energy release 2 ... 70 j/mm3;
pressure up to 10 - 70 GPa [12].
When cutting metals at roughing and semi-finishing, processability characteristic is the
value of permissible cutting speed VT, corresponding to the standard value of the tool life
period T [11]. A material that allows a higher cutting speed has a better processability [12].
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Experimental dependencies were obtained that connect the allowable cutting speed with
metal hardness (HB, HRC, H100), yield strength (GT), temporary resistance (GB), actual
tensile strength (SB), thermal conductivity (λ), chemical composition [13]. Unfortunately,
none of these characteristics of metal processability by cutting does not fully meet the
requirements of practice.
The energy supplied by abrasive grains of the grinding wheel to the surface of the
workpiece is divided into "useful", spent on solving technological problems and converts
the properties of metal. Another part of energy is dissipated or contributes to the wear of the
instrument (microcleaving (microchipping) of abrasive grains, falling out of the ligament),
as well as transformation of the metal structure, which causes a change in the physical and
mechanical properties: hardness, microhardness, microplasticity. Grindability of metal can
be considered as the ability, under the conditions of physicochemical and
physicomechanical effects accompanying abrasive dispersion, to provide the required
parameters of the processed surface of the workpiece. It can be stated that grindability of
metal is an integral energy characteristic.
As a result of interaction of the grinding wheel with the workpiece surface, microchip is
formed. The ratio of volume of the envelope removal of the workpiece to the energy value
is an important indicator - specific work of dispersion. It can be assumed that a decrease in
the specific work of dispersion indicates an improvement in processability of the workpiece
of metal.
In accordance with [13], at grinding, external work is spent on dispersing the surface
layer, elastic compressive or shear deformations, as well as plastic deformations of the
same types, the total heat flow released in the “tool-workpiece” contact at grinding is
determined from dependence [13] :

qk  q  qc 

Fz (V )  V
,
SJ

(5)

where S –is actual area of discrete contact; V=Vk=Vд – is cutting speed, i.e. relative speed
of the wheel and workpiece; J – is mechanical equivalent of heat (in the SI system J = 1);
Fz –is tangential component of cutting force; qk+qд+qc– is heat flow carried away by a
wheel, detail, chips.
The dispersion products formed during grinding process carry away the thermal power
from the contact S [13]:

qc 

C mT (O, Z 0 )
,
S

(6)

where m – is the mass of remote envelope; C – is heat capacity of the workpiece;




, где λ - is thermal conductivity of the workpiece, d – is thermal diffusivity; ρ
d  
– is density of the workpiece material; Z0 – is the point on the “wheel – workpiece” contact,
where the maximum temperature is reached.
According to [13], at grinding, the heat flow (qk) carried away by the grinding wheel
does not depend on the contact temperature, since it is determined only by geometrical
parameters of the contact zone of the tool and the workpiece and their thermophysical
characteristics.
The value of qk increases with increasing thermal conductivity of the grinding wheel
and decreases with increasing thermal conductivity of the workpiece.
The heat flow at the “grinding wheel –workpiece” contact is distributed in accordance
with the dependencies [13]:

C 
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Qk(0,0)=(1 – K1)q; q(0,0)=K1K2q; qc(0,0)=K1(1–K2)q

(7)

In turn, K1 and K2 is determined from the equations [27]:

K1 
K2 
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,

(8)

(9)

f  ( O, Z )

where b – is the width of the grinding wheel; l – is the depth of cut; fk(O,Z), f(O,Z) – are
coordinate functions of temperature distribution on the surface of the wheel and the
workpiece; d – thermal diffusivity of the workpiece material.
In accordance with the data of [14, 15], a change in the physical and mechanical
properties of the workpiece material is a reflection of its internal response to the impact of
external energy and ensuring production of defect-free parts is the correct transformation
and quantitative distribution of the input energy and the rational table mode.
Guided by the above considerations, grindability of a workpiece from a specific
material can be estimated by the value of specific work of dispersion at grinding, which is
determined by the integral function of the thermal energies emitted by the tool (qk), surface
of the workpiece (q ) and dispersion products (qc).
The heat flow into the surface layer of the workpiece is reduced by the value of qc;
therefore, a decrease in specific energy of dispersion indicates improvement in grindability
of the material. Quantitative evaluation of qk, q, qc can be determined using dependencies
(7), (8), (9).

2 Practical testing
For practical assessment of grindability of metals, an automated measuring complex (AMC
"Grinding") has been developed, manufactured and tested, which allows monitoring the
process with determining specific energy of dispersion over a processing cycle with a time
step of 0.01s and tool wear.
The proposed method for evaluating grindability has been experimentally tested when
grinding parts of bearings under production conditions. As a result of processing the
obtained data, rational tool characteristics and grinding modes were assigned, providing the
required quality indicators.
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