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Rational characteristics of the structural-phase constituents of the diamond-bearing layer

and required physical-mechanical and thermophysical properties of the bond were

determined based on the results of computer simulation of the processes accompanying

the manufacture of the diamond-abrasive tool. To assess the state of diamond, taking into

account its brand and graininess, a structural criterion, Vcr, is proposed that characterizes

the grain relative volume in which the stresses reach a critical level (Vcr>10%) and cause

the grains destruction. The composition is designed and the sintering conditions of the

diamond-bearing layer are determined to ensure rational self-sharpening of grains during

grinding. On the basis of the oxide compositions of the R2O–(Na2O, K2O)–B2O3–TiO2–SiO2

system, a low-melting glass-ceramic bond is developed which have the following properties:

thermal expansion coefficient of 6.910–6 1/0C and elastic modulus of 115 GPa. The low-

melting glass-ceramic bond provides the sintering of a diamond-bearing layer at the

temperature of 6200C. The dependence of the specific diamond’s loss and the grains wear

areas size on the grinding regimes was determined for fabricated diamond wheels. It was

established that during the processing of hard alloys (VK-8) the self-sharpening of a tool

occurs at the following process parameters: grinding speed of 30 m/s, cross-feed of

0.02 mm/double stroke. The analysis of the results of the topological parameters and

electron microscopic studies of the diamond wheels after grinding allows us to develop a

mechanism of the grains cutting capacity restoration, according to which the grinding

with the diamond-abrasive tool occurs in self-sharpening mode that ensures an increase in

its operation resource.
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Introduction
Increased requirements for the quality of surface

treatment of different products necessitate the
improvement and creation of new high-performance
tools for the machine-building, military-industrial,
agricultural and mining industries. Diamond grinding
is a high-performance method to process parts from
metals, solid alloys and superhard non-metallic
materials. Despite numerous studies in field of its
improvement, the issue of increasing the productivity
and resource efficiency of the diamond-abrasive tool
(DAT) remain open [1–3]. One of the leading
directions of increasing the efficiency of diamond
abrasive processing is the use of diamond wheels on
ceramic bonds, which, in comparison with metal or

polymer bonds, reinforce the solidity of the diamond-
bearing layer, increase the permissible temperature
of abrasive treatment and provide a high precision
of parts processing. Diamond wheels on ceramic
bonds allow treating the surfaces of metals and alloys,
ceramic, glassceramics, glass and composite
materials, including hybrids materials [3–5].

It is known that the cutting ability of DAT
decreases due to the formation of wear zones on
grains. In addition, the grinding efficiency is reduced
dramatically as a result of clogging the working area
with particles of processed material. An increase in
the share of the diamond tool on ceramic bonds has
been observed, which is related to their advantages
(high processing capacity, heat resistance, ability to
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self-sharpening and prolonged service life). The
analysis of information concerning the sphere of
manufacturing diamond wheels shows that the
number of works devoted to the diamond wheels
has increased by more than 2.5 times over the last
decade. However, the number of publications relating
to the circles on the ceramic bond is only 8%.

The main fault of the existing ceramic bonds
for DAT is connected with the high sintering
temperature of such ceramic matrix composites (more
than 8000C). Therefore, typical ceramic bonds are
used primarily for manufacturing a grinding tool with
temperature-resistant abrasives (cubonite or
corundum) [5,6]. Sintering of diamond-containing
composites under such conditions causes the
premature failure of grains due to stresses occurring
in them; in addition, graphitization makes it
impossible to use typical ceramic bonds in the
manufacture of DAT [7,8].

It is known, however, that the ceramic bond
determines the ability to rationally self-sharpening
of DAT due to the regeneration of the working surface
of diamond wheels during the grinding by updating
the cutting surfaces of diamonds, uncovering new
ones, and removing of blunted grains that increases
the productivity of processing and the economic
efficiency of using the tool [2,6]. Therefore, the use
of ceramic diamond wheels will increase the
processing capacity and expand the scope of the tool.

In view of the above, the aim of the work is to
fabricate high resource diamond-abrasive tools with
the use of low-melting glass-ceramic bonds with
specified properties. This will ensure the preservation
of the integrity of the grains when sintering the
diamond-containing layer at the stage of the
manufacture of tools, improve the diamond retention
and create the conditions for grinding in a mode of
rational self-sharpening.

Experimental
The study was conducted in several stages that

included:

– theoretical analysis of the process of sintering
of the diamond-bearing layer of the tool using the
micro-level 3D modeling;

– the optimization of qualitative and
quantitative characteristics of components of
diamond-bearing layer with the use of mathematical
planning of simulation experiments;

– the development of a low-melting vitrified
bond with the specified properties and determination
of the composition of a diamond-containing ceramic-
matrix composite with a reduced temperature of
sintering;

– the manufacture of the tool samples for which
the study of structure and properties were conducted.

3D simulation of the sintering of diamond-
bearing layer and diamond grinding processes was
carried out using software packages COSMOSWorks,
ANSYS, ABAQUS, calculations in which are based
on the finite element method (MKE). The simulation
method included the following steps: the 3D models
development of a system that displays the features
of the elemental volume of a diamond wheel; the
grid construction and its condensation in the places
of metal inclusions in the grains, as well as on the
contact surfaces of system elements; the task of load
parameters (pressure of pressing and temperature of
sintering corresponding to the conditions of the
manufacture of diamond wheels); and determination
of physical and mechanical and thermophysical
properties for all model elements [9]. The fragment
of the bond (Fig. 1) is performed in the form of a
rectangular parallelepiped, in which there are pores
of complex form. Diamond grains were performed
with the geometry of the octahedron; the grain size
was chosen depending on the grain size of the
considered diamond powders. The grains contain the
inclusions of a metal catalyst (further metallophase)
in the form of arbitrarily oriented plates, volumetric
content of which depends on the grade of diamonds
(from 0.6 to 7.5% for grades AC 15 and AC 2,
respectively). As a criterion of destruction, the

                  a                                                 b                                             c                                       d

Fig. 1. 3D model of the system «metal phase–grain–bond–pore» (a), construction of the finite element network (b), loading

scheme (c) and a stress-strain state diagram (SSS) (d) in the study of diamond-bearing layer sintering processes
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maximum equivalent stresses was considered that
was calculated according to the Mohr-Coulomb
theory taking into account the amendments of
Pysarenko-Lebediev for brittle bodies [10] and the
relative volume of elements of the system (grains or
bonds).

The development of vitrified bond with specified
properties involved the choice of model compositions
in the oxide system R2O(Na2O, K2O)–B2O3–TiO2–SiO2;
the predictive calculation of their technological,
thermophysical and physical-mechanical properties
using known methods [11,12]; the development of
the composition of low-melting glass component
based on the solution of the optimization problem
taking into account the constraints adopted by the
results of simulation; the determination of
composition of composite; and the research of
topological characteristics of the surface after grinding
(using laser scanning microscope KEYENCE
VK-9700K) and features of microstructure (using
laser electron microscope JSM-6390 LV).

The average size of abrasion zones of the grain
(Sgr) was measured by means of a laser scanning
microscope. The specific loss of diamonds when
grinding was determined according to the standard
method which is based on the determination of the
degree of wear of the diamond-bearing layer by the
loss of the tool weight after the tests.

Soda ash, potash, boric acid, lithium carbonate,
titanium dioxide and quartz sand from the
Novoselivske deposit (Kharkiv region, Ukraine) were
used to make the low-melting component of the
vitrified bond. To increase the bond wear resistance,
SiC was added in the amount of 20 wt.%. To improve
the billet formation from the mix of finely ground
frit and a secondary abrasive (SiC), the plasticizer
(5 wt.% of a kaolinite-illite clay) was used. The
components of the bond, chopped to full passage
through the sieve No. 0063, were mixed with
diamond powder (AC6 125/100, 50 vol.%) and
briquetted at a relative pressure of 0.8 t cm–2. The
composites were obtained by free sintering in a muffle
furnace at the temperature of 6500C for 20 min.

Results and discussion
The calculations showed that the stress level at

the elevated pressure of 50 MPa and the sintering
temperature up to 4000C does not exceed the strength
limits of grains AC6 125/100 brand diamond (ten=0.2
GPa) grains, which indicates a slight effect of the
force factor. With an increase in the sintering
temperature up to 600°C or more in the grain in the
metal-phase zone, tensions arise due to the difference
in their thermal expansion coefficients, which causes
the destruction of the grain. With an increase in the

volumetric contents of the metal-phase inclusions,
an exponential increase in the voltages localized near
the metal-phase inclusions is observed. The presence
of destructive stresses in microzones of the grain is
not a sufficient condition for its damage. The
destruction of grain begins when its volume, in which
the limiting destructive voltages are fixed, exceeds
more than 10%.

In the modeling of the influence of metal-phase
properties on the state of grains during sintering, the
most typical alloys-solvents used in the synthesis of
diamonds were considered: Ni39.6Mn59.6(Cr3C2)0.8,
Fe44Ñî44(Ñr3Ñ2)12, and Fe95Si5 which differ
significantly in values of thermal expansion coefficient
and the elastic modulus [13]. It is established that
nearly two-times increase in the value of thermal
expansion coefficient of metal-phase leads to an
increase in local equivalent stresses in a grain of
2.5–2.8 times. The critical level of stress is observed
in certain microzones of the grain at 4000C, but the
destruction of a grain is possible only while heating
above 700–7500C as the volume of critical stresses
in a grain reaches 15–22% in this case. Under the
conditions of sintering of a composite at 600–6500C,
the probability of destruction of grains is low, because
the volume of critical stresses does not exceed 10%.

The comparison of the temperature
dependences of two grain destruction criteria with
the data of experimental determinations of the
integrity of the grains after sintering the composite
samples showed that the relative volume of critical
stresses in the grain (Vcr) accurately reflects the
degree of destruction of diamonds during the sintering
of the diamond-bearing layer. Therefore, in order to
determine the rational temperature of sintering the
diamond-bearing layer, we used the very parameter
that characterizes the relative volume of the grains
in which stresses for the diamond’s destruction of
certain grades and graininess are present. The limits
of the values of this parameter have been determined
(Vcr=3–7%), at which the grains in the composite
are in the state of predestruction, the main feature
of which is the formation of microcracks in the grain
without loss of its integrity. According to the accepted
working hypothesis, such state of grains is a
prerequisite for their rational self-sharpening while
grinding, as well as for the preventing of their
premature destruction during the sintering of the
diamond-bearing layer of the tool. The mathematical
treatment of the results of model calculations allowed
determining the range of temperatures of sintering
diamond wheel capable of rational self-sharpening
(Òàble).

Experimental verification confirmed this
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assumption. It was found by electron microscopy
study that microcracks in the grain were formed at
the recommended temperature of sintering the
composite. However, the microcracks did not destroy
the diamond grains while sintering the ceramic-
matrix composite and created the prerequisites for
their rational self-sharpening during the grinding.

Using multivariate experiment, the regression
equations have been obtained that describe the
dependence of selected criteria for the destruction
of grains on the basic properties of components of
diamond wheel under conditions simulating the
processes of their production. The results of the
simulation experiment allowed determining the
optimum values of the properties of the diamond-
bearing layer and the sintering temperature: thermal
expansion coefficient of the metal phase
Ìå=(1.21.4) 10–5 1/0Ñ; thermal expansion
coefficient of the bond =(6.06.8)10–6 1/0Ñ; the
elasticity modulus of the bond E=112120 GPa, and
the temperature of sintering the diamond-bearing
layer Tsint=6206550C. Using the simplex-lattice
experimental design, the relation between grains,
bonds and pores have been determined that satisfy
the given optimization conditions and can vary from
1:1.4:1.6 to 1:2:2.

The analysis of the composition of the model
oxide compositions R2O–B2O3–TiO2–SiO2

(R2O=L2O, Na2O or K2O), and their properties
determined by the calculation allowed us to select
the base compositions to develop the low-melting
vitrified bond, providing the specified temperature
of sintering of the composite (Tsint=6586860C) and
considering the diamonds grade and graininess
(AC6 125/100). The composition of glass-ceramic
bond should satisfy a number of technological criteria

that determine the consolidation of the composite,
eliminate the thermal degradation of diamonds during
sintering, improve diamond retention in bond and
provide the conditions for self-sharpening of grains
during grinding.

As criteria for choosing the basis for the vitrified
bond development, we considered properties conform
to the bond properties, which were defined in the
stage of simulation experiments. In particular, we
examined four following properties: (i) the melting
point (Tmelt=6006250C) that ensures a lowering of
the sintering temperature of the composite to
6206550C; (ii) a relatively low thermal expansion
coefficient (20–600°Ñ=(67)10–6, 1/0C); (iii) the
elevated modulus of elasticity (E=110120 GPa)
which is achieved due to the finely-dispersed
crystallization of the glass phase: (iv) and the sintering
properties of the melt (viscosity 103 Pa s and surface
tension 0.3 N/m) which ensure the satisfactory
wetting of the grains and sintering the composite at
a given temperature.

Solutions of the optimization task were obtained
taking into account the accepted limitations of
properties. The optimal composition was calculated
by solving the system of equations for the specified
values of the target function. As a result, the chemical
composition of the glass composition bond was
selected, wt.%: 25 Na2O; 5 K2O; 5 Li2O; 6 B2O3;
3 Al2O3; 22 TiO2; and 34 SiO2. The developed vitrified
bond shows the following properties: Tmelt=6200C,
thermal expansion coefficient of 6.910–6 1/Ê; and
E=115 GPa.

According to the results of X-ray diffraction
analysis (Fig. 2), the crystallization of the phases of
lithium metatitanate (Li2TiO3) and lithium
pentatitanate (Li4T5O12) was observed when ceramic

The recommended temperatures for sintering of ceramic-matrix composite using the diamond powder of different
grades and graininess

Note: ð is given in GPa; temperatures are given in 0C.

Grade diamond grains 
АС2 АС4 АС6 АС15 

Graininess  

of the 

diamonds р Tmin Tmax р Tmin Tmax р Tmin Tmax р Tmin Tmax 

50/40 0.35 666 687 0.6 692 719 0.84 710 737 2 763 795 

63/50 0.22 649 672 0.37 676 701 0.67 700 728 1.4 748 779 

80/63 0.14 632 653 0.27 662 688 0.41 686 715 0.88 731 761 

100/80 0.09 614 635 0.19 650 675 0.27 670 698 0.59 718 749 

125/100 0.07 600 622 0.12 634 660 0.20 658 686 0.53 706 737 

160/125 0.05 583 604 0.11 625 652 0.14 644 671 0.28 689 721 

200/160 0.03 568 590 0.07 610 635 0.11 633 661 0.2 674 705 

250/200 – – – – – – 0.07 619 648 0.14 661 691 
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bond was heated in the range of temperatures of 600
to 6200C. The crystallization of these phases was
also confirmed by the differential-thermal analysis
(the data are not shown).

Fig. 2. Fragment of the X-ray pattern of the developed

vitrified bond

For the samples of ceramic composites prepared
using the developed bond, the integrity of the grains
after sintering was determined. The results showed
that the degree of the destruction of grains does not
exceed 10% when using the developed vitrified bond,
while the fraction of the destroyed grains is 37%
when using the typical bond K1-01. A positive
technical effect is obtained by reducing the
temperature of sintering the composite (from 7500C
to 6500C for a typical ceramic bond K1-01 and for
the developed low-melting vitrified bond,
respectively) and optimization of bonds properties.

Qualitative and quantitative estimation of grain
wear at different stages of grinding was carried out
by topographic study of the working surface of
diamond wheels (WWS) after grinding for 10 s and
3 min. The study was performed using laser scanning
microscopy. Observed insignificant changes in the
relative support surface area of the samples (tps=0.45–
0.60%) indicated that the wear of the WWS during
grinding does not occur due to the loss of grains
from the bond and because of the gradual micro-
destruction of those areas that lost cutting power
during grinding.

SEM images of the films of WWS-zone after
grinding show areas of grain wear-out, cracking in
grains and micro-splits which form new cutting
surfaces (Fig. 3). The contact zone of the bond and

the grains exhibits good adhesion which increases
diamond retention in the bond during grinding. With
a large magnification (10,000), it is possible to
observe the cryptocrystalline structure of the bond
(Fig. 3,a), the morphology of the contact zone of
the bond and the grain (Fig. 3,b), the grain wear-
out areas (Fig. 3,c), the shape of the contact cracks
(Fig. 3,d), and microcracks in grains (Fig. 3,e), which
cause updating of the cutting faces in the places of
micro-splits (Fig. 3,f).

Fig. 3. SEM images of the areas of the working surface of

diamond wheel after grinding: a) cryptocrystalline bond;

b) contact zone of grain and bond; c) grain wear-out area;

d) crack in the contact of grain and bond; e) micro-crack in

grain; f) micro-splits in the areas of grain wear-out

Based on the analysis and generalization of the
obtained results, a mechanism of the self-sharpening
of diamond wheels during grinding was developed.
Seemingly, sintering the diamond-bearing layer at
the recommended temperature results in the
appearance of stresses in diamond grains that meet
the condition Vcr=37%. As a result, micro-cracks
are formed in the grains that are in the pre-destruction
state (Fig. 4,a). During the grinding, the cutting faces
of the grain are updated by the development of cracks
directly on the wear-out areas, since it is precisely
on these areas the temperature sharply rises due to
an increase of the surface area of the grains, which
contact with the processing material (Fig. 4,b – 4,f).
The removal of grains that have completely lost their
cutting ability from the WWS occurs as a result of
the appearance of stresses that exceed the bond’s
strength and cause its destruction on the contacts
with the grains (Fig. 4,g – 4,h).

The samples of diamond wheels, manufactured
according to the given recommendations, were tested
at the LLC «Instail». To assess the ability of the tool
to rational self-sharpening during grinding, we
determined the relative consumption of diamond
grains and the sizes of their wear areas after grinding
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of hard alloy with the use diamond wheels on vitrified
bond. The dependence of these characteristics on
the grinding modes (Fig. 5) indicates that self-
sharpening of grains is manifested in accelerated
processing mode when grinding solid alloy (VK8):
the average size of areas of grains wear is reduced by
~2530% with increasing speed of grinding. With
an increase in the speed of grinding (>35 m/s), the
wear of the diamond-bearing layer was increased.
The specific consumption of diamonds significantly
increased with an increase in the transverse feed
(more than 0.02 mm/double path).

Conclusions
The results of the work showed that the used

approach to design of diamond-made abrasive tools

on the basis of finite-element modeling allowed giving
recommendations to manufacturers of diamond
wheels that made it possible to increase the resources
of tools due to rational self-sharpening during the
grinding. The proposed procedure of the fabrication
of a low-melting vitrified bond with specified
properties ensures receiving ceramic-matrix
composite at a reduced sintering temperature (620–
6500C). This prevents premature destruction of
diamond grains at the stage of the tool manufacturing,
increases the diamond retention in the working layer
of the tool and ensures its rational self-sharpening
when grinding. It has been established that rational
self-sharpening of DAT is provided at the stage of
sintering the diamondiferous layer under the
condition of stresses occur which causes the
formation of micro-cracks without grains loss-
integrity. To determine the necessary sintering
parameters that ensure the fulfillment of the specified
condition, the criterion Vcr was used which
determines the stress state of the grains. The values
of this parameter were determined at which the grains
are in the pre-destruction state (Vcr=3–7%). Using
the proposed criterion, the sintering temperatures of
ceramic-matrix diamond-containing composites are
chosen considering the grade and graininess of
diamond powders.
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ËÅÃÊÎÏËÀÂÊ² ÑÊËÎÊÅÐÀÌ²×Í² ÇÂ’ßÇÊÈ ÍÀ
ÎÑÍÎÂ² ÎÊÑÈÄÍÈÕ ÊÎÌÏÎÇÈÖ²É ÄËß ÀËÌÀÇÍÎ-
ÀÁÐÀÇÈÂÍÈÕ ²ÍÑÒÐÓÌÅÍÒ²Â

Î.Þ. Ôåäîðåíêî, Ê.Á. Áîãäàíîâà, Ä.Î. Ôåäîðåíêî,
Í.Ô. Ë³ñíèõ, Í.Ì. Ðåãåäà

Çà ðåçóëüòàòàìè êîìï’þòåðíîãî ìîäåëþâàííÿ ïðîöåñ³â,
ùî ñóïðîâîäæóþòü âèãîòîâëåííÿ àëìàçíî-àáðàçèâíîãî ³íñòðó-
ìåíòó âèçíà÷åíî ðàö³îíàëüí³ õàðàêòåðèñòèêè ñòðóêòóðíî-
ôàçîâèõ ñêëàäîâèõ àëìàçîíîñíîãî øàðó, ô³çèêî-ìåõàí³÷í³ ³ òåï-
ëîô³çè÷í³ âëàñòèâîñò³ çâ’ÿçêè. Äëÿ îö³íþâàííÿ ñòàíó çåðåí òà
¿õ çäàòíîñò³ äî ñàìîçàãîñòðåííÿ çàïðîïîíîâàíî ñòðóêòóðíèé
êðèòåð³é Vêð, ùî õàðàêòåðèçóº â³äíîñíèé îá’ºì àëìàç³â ïåâíî¿
ìàðêè ³ çåðíèñòîñò³, íàïðóãè â ÿêèõ ñÿãàþòü êðèòè÷íîãî ð³âíÿ
(Vêð>10%) òà ñïðè÷èíÿþòü ðóéíóâàííÿ çåðåí. Çä³éñíåíî ïðî-
åêòóâàííÿ ñêëàäó òà âèçíà÷åí³ óìîâè ñï³êàííÿ  àëìàçîíîñ-
íîãî øàðó äëÿ ðåàë³çàö³¿ ðàö³îíàëüíîãî ñàìîçàãîñòðåííÿ çåðåí
ïðè øë³ôóâàíí³ àëìàçíèìè êðóãàìè. Íà îñíîâ³ îêñèäíèõ êîìïî-
çèö³é ñèñòåìè R2O–(Na2O, K2O)–B2O3–TiO2–SiO2 ðîçðîáëåíî

ëåãêîïëàâêó ñêëîêåðàì³÷íó çâ’ÿçêó ç íàñòóïíèìè âëàñòèâî-
ñòÿìè: òåìïåðàòóðíèé êîåô³ö³ºíò ë³í³éíîãî ðîçøèðåííÿ
=6,910–6 1/0Ñ; ìîäóëü ïðóæíîñò³ Å=115 ÃÏà, ÿêà çàáåçïå÷óº
ñï³êàííÿ àëìàçîíîñíîãî øàðó ïðè òåìïåðàòóð³ Òñï=6200Ñ. Äëÿ
âèãîòîâëåíèõ àëìàçíèõ êðóã³â âèçíà÷åíî çàëåæíîñò³ ïèòîìî¿
âòðàòè àëìàç³â òà ðîçì³ð³â ä³ëÿíîê çíîñó çåðåí â³ä ðåæèì³â
øë³ôóâàííÿ òà âñòàíîâëåíî, ùî ïðè îáðîáëåíí³ òâåðäèõ ñïëàâ³â
(ÂÊ-8) ñàìîçàãîñòðåííÿ ³íñòðóìåíòó â³äáóâàºòüñÿ çà íàñòóï-
íèõ ïàðàìåòð³â ïðîöåñó: øâèäê³ñòü øë³ôóâàííÿ 30 ì/ñ, ïîïå-
ðå÷íà ïîäà÷à 0,02 ìì/ïîäâ.õ³ä. Çà ðåçóëüòàòàìè àíàë³çó òîïî-
ëîã³÷íèõ ïàðàìåòð³â òà åëåêòðîííî-ì³êðîñêîï³÷íèõ äîñë³äæåíü
ðîáî÷î¿ ïîâåðõí³ àëìàçíèõ êðóã³â ï³ñëÿ øë³ôóâàííÿ âèçíà÷åíî
ìåõàí³çì â³äíîâëåííÿ ð³æó÷î¿ çäàòíîñò³ çåðåí, çàâäÿêè ÿêîìó
â³äáóâàºòüñÿ øë³ôóâàííÿ àëìàçíî-àáðàçèâíèì ³íñòðóìåíòîì â
ðåæèì³ ñàìîçàãîñòðåííÿ òà çá³ëüøóºòüñÿ ðåñóðñ éîãî åêñïëó-
àòàö³¿.

Êëþ÷îâ³ ñëîâà: àëìàçí³ êðóãè, ð³æó÷à çäàòí³ñòü,
ñàìîçàãîñòðåííÿ, àëìàçîíîñíèé øàð, â³òðèô³êîâàíà çâ’ÿçêà,
ñòðóêòóðíî-ôàçîâ³ ñêëàäîâ³.

LOW-MELTING GLASS-CERAMIC BONDS BASED ON
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TOOLS
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Rational characteristics of the structural-phase constituents
of the diamond-bearing layer and required physical-mechanical and
thermophysical properties of the bond were determined based on the
results of computer simulation of the processes accompanying the
manufacture of the diamond-abrasive tool. To assess the state of
diamond, taking into account its brand and graininess, a structural
criterion, Vcr, is proposed that characterizes the grain relative volume
in which the stresses reach a critical level (Vcr>10%) and cause
the grains destruction. The composition is designed and the sintering
conditions of the diamond-bearing layer are determined to ensure
rational self-sharpening of grains during grinding. On the basis of
the oxide compositions of the R2O–(Na2O, K2O)–B2O3–TiO2–SiO2

system, a low-melting glass-ceramic bond is developed which have
the following properties: thermal expansion coefficient of
6.910–6 1/0C and elastic modulus of 115 GPa. The low-melting
glass-ceramic bond provides the sintering of a diamond-bearing layer
at the temperature of 6200C. The dependence of the specific diamond’s
loss and the grains wear areas size on the grinding regimes was
determined for fabricated diamond wheels. It was established that
during the processing of hard alloys (VK-8) the self-sharpening of a
tool occurs at the following process parameters: grinding speed of 30
m/s, cross-feed of 0.02 mm/double stroke. The analysis of the results
of the topological parameters and electron microscopic studies of the
diamond wheels after grinding allows us to develop a mechanism of
the grains cutting capacity restoration, according to which the grinding
with the diamond-abrasive tool occurs in self-sharpening mode that
ensures an increase in its operation resource.

Keywords: diamond wheel; cutting ability; self-sharpening;
diamond-bearing layer; vitrified bond; structural-phase
components.
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