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Abstract. The article is devoted to the study of the influence of the diamond component in a
composite superhard material based on wurtzite boron nitride on the stability of the tool during
turning of hardened steels in the mode of smooth turning and when processing intermittent surfaces.
The aim of the work is to study the influence of the content of the diamond component in the
composite superhard material based on wurtzite boron nitride on the stability of the tool. Based on
the analysis of the main patterns of changes in the coefficient of friction depending on various
factors, the evaluation of composites containing diamonds of different dispersion in comparison with
other materials of this class. The results of the study of the technical level of composite
polycrystalline superhard materials based on wurtzite boron nitride of different composition and
determination of the efficiency of their use as a cutting tool in the machining of hardened steels are
presented. The intensity of wear of composites in the cutting tool during processing of hardened
steels is experimentally determined. It is established that the presence of a diamond component in
the composite significantly affects the stability of the tool in the conditions of smooth turning due to
heat dissipation in contact with the processed material. In the processing of hardened steels with the
presence of shock loads, the phase state of the matrix component of the composite plays a decisive
role. The obtained research results make it possible to determine the optimal composition and
conditions for obtaining a composite material of the system “boron nitride — diamond”, which
provides the most effective application of the cutting tool in practice.

Keywords: boron nitride, diamond, composite, friction coefficient, cutting ability, wear resistance.
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Introduction

Superhard tool materials play an important role in the production processes of the machine-building
industry, they determine the development of new and improvement of known methods of forming the
working surfaces of products. Their application determines the possibility of productive machining of the
most high-strength and difficult-to-process structural and functional materials, the share of which in the
new technology is constantly growing [1], [2]. At the same time the processes of finishing machining
deserve great attention. Trends in the development of machining processes are associated with the targeted
provision of maximum results with minimum costs [3], [4].

With regard to finishing technologies, it is characterized not only by the productivity of the process,
but also by the need to ensure the formation in the surface layers of products of the state, which would
ensure their maximum efficiency during operation [5]-[8]. The role of the tool in solving the problems of
increasing production efficiency is one of the most important in terms of efficiency in mechanical
engineering of particular interest are tools made of polycrystalline superhard materials (PSHM) —
composites based on dense modifications of boron nitride and diamond [9]—[11].

Cutting tools with PSHM effectively process materials of high hardness up to 60...65 HRC. The use
of cutters with PSHM on the basis of dense modifications of boron nitride (cubic and wurtzite) in finishing
operations in the processing of high-hard materials (hardened steels, high-strength and bleached cast iron)
makes it possible to stably obtain surfaces with a roughness Ra =0.2...1.0 pm, and in some cases replace
the grinding operation [7], [12]-[15].

Modern finishing processes are based on the results of numerous scientific studies of patterns of
mechanical and physical-mechanical phenomena in the contact zone of the tool and the product, taking into
account the action and destruction of the tool, the state of the surface layer of the workpiece. The key role
in the technology is played by the tool, namely the material of the cutting element [10], [16]-[22].

Questions of use of new materials and constructive decisions at creation of cutting tools are actual
and need constant development.

Problem Statement

The aim of this work is to study the effect of the content of the diamond component in the composite
superhard material based on wurtzite boron nitride on the stability of the tool.

Review of Modern Information Sources on the Subject of the Paper

High hardness and strength of superhard materials based on wurtzite boron nitride indicate the
possibility of their effective application in practice - in the machining of a wide range of steels and alloys,
as well as in highly loaded friction pairs [4]-[7], [23]. Currently, there is a wide range of instrumental
polycrystalline superhard materials (PSHM) based on wurtzite boron nitride (composite 10, sumiboron,
wurtzin, etc.), which differ in physical and mechanical properties related to the production technology, as
well as the composition and structure of the material. At the same time, the high physical and mechanical
properties of composites expand the possibilities of creating effective and highly productive technologies
of mechanical processing and new areas of application [13], [16], [17].

The study of wear characteristics and durability of tool materials is one of the central issues in the
evaluation of new tool material. When determining the wear resistance and areas of effective application of
new tool material, it is necessary to compare its performance with this indicator for similar tool superhard
materials, which are widespread and used in practice [7], [8], [14]-[18], [22]-[24]. They include such
indicators as the productivity of the cutting process, the value of the maximum cutting path with optimal
wear of the cutter, as well as the efficiency of application with high quality of the process [6]-[8], [22]-[26].

Experimental Methodology

Samples of the processed material had constantly monitored mechanical characteristics. To
determine the wear of the incisors used special microscopes — instrumental microscope VIM-1 and
metallographic microscope MIM-8M.
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Sintered polycrystals of these materials were machined on planes and contours on a universal
sharpening machine mod. SV642 using a special device that provides surface preparation from a single
installation of the sample. The device mounted on the base of the machine is a mandrel on which at a
distance of 35...40 mm coaxially installed diamond cup circles on an organic bond with different abrasive
grains — 80/63 (rough surface preparation) and 14/10 (finishing operation).

The processed sample was clamped in three-turn vices mounted on the machine table. After
finishing the flat surfaces, the surfaces were finished on a cast iron washer, which was pre-carved with
diamond powder with a grain size of 5/3. Contour machining was performed on a circular grinding
machine mod. ZK12 in a special device. In the processed form, the plates were round with a diameter of
D =7 mm, thickness S = 3.18 mm with a reinforcing chamfer 0.2x20° on the cutting edge, the designation
of the plate RNMNO0703MO. For fastening of cutting plates at tests used turning right through cutters with
the I'-shaped clamp. The plate in the cutter was clamped at an angle of 6°, which provided the geometry of
its cutting part ongit = —Ylongit = 6°.

The study of the cutting properties of the plates was carried out on a universal lathe of model 16K20.
The processed material during the tests was steel 100Cr6 DIN 17230 hardened to 61...63 HRC in the form
of a cylindrical workpiece with a diameter of 88..95 mm and a length of 300 mm. When testing the
resistance of polycrystalline superhard materials to impact loads in the processing process used blanks, on
the side surface of which was made a longitudinal groove width of 4 mm.

The tests were performed with the following modes — cutting speed V — 75 m/min and 150 m/min,
cutting depth #= 0.2 mm; 0.5 mm and feed S = 0.12 mm/rev; 0.15 mm/rev. The criterion for the stability of
the tool when turning hardened steel was taken as the amount of wear of the cutting plate made of
composite material on the rear surface 4, = 0.4 mm.

Presentation of the Main Material

The cutting process is significantly influenced by contact phenomena that occur as a result of the
interaction of the tool with the surface of the workpiece [5], [11]-[15]. The physical features of the
machining process are determined by the friction between the workpiece material and the cutter material,
the role of which is especially noticeable in the process of cutting with small cross sections of chips, which
occurs during semi-finishing and finishing turning with superhard materials [7], [13], [25]-[27].

Determination of the technical level of the developed composite PSHM and their suitability for use
as a cutting tool was carried out by studying the cutting properties of composites in the turning of hardened
steel 100Cr6 DIN 17230 (HRC 61...63). Experimental studies were performed according to the scheme of
external longitudinal turning of a cylindrical workpiece such as a sleeve hardened from steel 100Cr6
DIN 17230 cutter with a replaceable metal cutting plate made of superhard material based on boron nitride.

For tests used experimental samples of composite polycrystalline superhard materials based on the
system “wurtzite boron nitride-diamond”, which contained 10 wt% diamond component of three types:

— type 1 — composite material based on BNy, which included diamonds of static synthesis 0.1/0 pum,
sintered at 7= 1600°C;

— type 2 — composite material of the same composition, sintered at 7= 2000°C;

— type 3 — Composite material based on wurtzite boron nitride and diamonds of static synthesis
10/7 pum, sintered at T = 1800°C.

In accordance with the increase in the temperature parameters of obtaining composites, the phase
composition of the matrix material based on boron nitride changed in the direction of increasing the
content of sphalerite boron nitride [28], [29].

If at T=1600°C the content of sphalerite boron nitride was 60% vol. then at 7= 1800°C wurtzite
boron nitride was completely converted into BNy Further increase of the sintering temperature to
T =2000°C promotes collective recrystallization of sphalerite boron nitride, while in the system with
diamond there is an interaction of the components of the mixture — “boron nitride — diamond” [30], [31].

Fig. 1 shows an electron microscopic image of the grain structure and microelectrongram (MEG) of
a composite material based on wurtzite boron nitride and diamonds, with the presence of solid boundaries
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“diamond — diamond-like phase of boron nitride”, between the diamond particles and the matrix
component there is a layer with a thin boundary conjugation with a diamond.

The thickness of such layers varies, both for individual diamond particles and for the volume of the
samples, and is generally 5..200 nm. This state of the structure of the composite material affects its
tribotechnical and physico-mechanical characteristics [27]-[30].

a b

Fig. 1. Image on the lumen (a) and MEG from areas (I + II) (b) of the microstructure
of the composite “wurtzite boron nitride — diamond”: I — diamond; II — layer; IIT — matrix BN

To study the processes occurring in the contact zone of the tool made of composite material of the
system “wurtzite nitride boron-diamond” with the processed materials, the friction coefficient p was taken
as the main parameter. Analysis of the basic patterns of change of the coefficient of friction depending on
various factors makes it possible to evaluate the material in comparison with other materials of this class
and purpose [24]-[27]. Fig. 2 shows the dependences of the coefficient of friction u on the sliding speed V
of the indenter from the composite material of the system “wurtzite boron nitride — diamond” on hardened
steel 100Cr6 DIN 17230 (HRC 61...63) — curve a, and cast iron GG-20 DIN 1691 (HB 170...200) — curve b.

W (06

05 1 5
041 @

0.3 7

0 200 40 60 B0 100 120 140 160 180 200 F mimin

Fig. 2. Dependences of the coefficient of friction u on the sliding speed V of the indenter from the composite
on steel SHX15 (a) and cast iron MF 21-40 (b) at ¢ = 50 kgf/mm?

They indicate that the nature of the change in the coefficient of friction is almost the same for
different materials. At low speeds, a larger value of the coefficient of friction u is observed in the pair of
composite — cast iron, and for the pair of composite-hardened steel 100Cr6, it is smaller.
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Analysis of the curves shows that the coefficient of friction pu decreases with increasing strength
characteristics of machined materials, with increasing cutting speed the difference in the value of the
coefficient of friction decreases, indicating the same mechanism of friction at high contact temperatures of
friction pairs occurring at high cutting speeds [23]-[25].

Comparing the dependences p = f (V) for the composite “BN,, — diamond” and composite 10 (Fig. 3)
we observe the same nature of their change, but the value of the friction coefficient of the composite
“BNy — diamond” is smaller, especially at low values of cutting speed.

This mechanism of friction is obviously characteristic of all materials paired with the composite
“wurtzite boron nitride — diamond”, but this maximum is weak and is mostly in the region of low friction
velocities. The study of the nature and features of the wear process and the stability of the cutting tool
made of composite systems “BNy, — diamond” was carried out by longitudinal turning of samples of
hardened steel with a hardness of HRC 61...63. It is established that turning of hardened steels is
accompanied by wear of the cutter on both the rear and front surfaces, wear on the rear surface is
characterized by the presence of sawtooth grooves, the direction of which coincides with the direction of
the cutting speed vector, which is characteristic of wear of composite 10 tool [5], [23]-[25], [32].

The amount of wear was determined as the average of the five tests of each plate. Table 1 shows the
optical image of the nature of wear of the cutting edge of plates of different composition of the composite
“BNy — diamond” in the mode of continuous smooth turning and turning with impact steel 100Cr6
DIN 17230 (HRC 61...63).

Table 1
Optical image of the cutting edge of the plates of the composite “BN,, — diamond”
_ Operating conditions of the plate
Composite Comp(?S}te Sintering Turning with a blow Smooth turning
¢ composition: temperature Cutti 3
ype “BN,, + diamond” emp utting modes
V =75 m/min, = 0.2 mm V=150 m/min, ¢ = 0.5 mm

1 BN, +0.1/0 um | 7'=1600°C

2 BNy +0.1/0 um | T=2000°C

3 BNy, + 10/7 um | T=1800°C

The table shows the nature of wear of cutting plates of composites of three types: based on BN,, with
diamonds of static synthesis 0.1/0 um (type 1, type 2), which are obtained at different sintering temperatures,
as well as composite based on wurtzite boron nitride and diamonds static synthesis of 10/7 pm (type 3).
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Fig. 4 shows the values of wear of cutting plates made of composite “BN,, — diamond” at continuous
smooth turning (a) depending on the cutting modes V =150 m/min, 7= 0.5 mm and turning with impact

(b) at modes V=75 m/min, ¢ = 0.2 mm.
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Fig. 3. Dependences of the friction coefficient pu on the
sliding speed V on steel 100Cr6 DIN 17230:
1 — composite “BN,, — diamond 0.1/0”;
2 — composite “BN,, — diamond 10/7”’; 3 — composite 10

Fig. 4. Dependence of the amount of wear of cutting
plates of different types of composite
“BNy, — diamond” with continuous smooth turning (a)
with V =150 m/min, # = 0.5 mm and when turning
with impact (b) with V=75 m/min, = 0.2 mm:
1 — composite “type 17; 2 — “type 27; 3 — “type 3”

Experimental studies of cutting tools based on composite material of the system “wurtzite boron
nitride — diamond” showed that the effectiveness of the composite is determined by the composition and
conditions of its production at high pressures and temperatures.

Conclusions

As aresult of the experiments, the following conclusions can be stated.

1. The presence of the diamond component in the composite significantly affects the contact
temperature in the cutting zone due to the set of heat pulses that occur at the vertices of the contact
microroughnesses, contributing to heat dissipation, which causes higher tool stability in constant contact
with the material.

2. When processing hardened steel with the presence of shock loads, the best performance indicators
were found in samples obtained at 7= 1600°C, which contained diamonds of static synthesis of 0.1/0 pm.

3. This result can be explained by the fact that the temperature conditions of formation of the matrix
component of the composite based on wurtzite boron nitride contributed to obtaining a two-phase state,
which provides high resistance of the composite material to significant dynamic loads. In this case, as for
the single-phase composite, the presence of a diamond component in the material to some extent affects the
value of the contact temperature in the cutting zone.

4. When processing hardened steel 100Cr6 DIN 17230 in the mode of continuous turning, the best
results showed samples that included diamonds of static synthesis of 10/7 um and were obtained at
T=1800°C, i.e. in the temperature range that promotes collective recrystallization of the material, as the
matrix component is fully represented sphalerite boron nitride.

5. The stability of the tool in the conditions of smooth turning is significantly affected by the
diamond component in the composite due to heat dissipation in contact with the processed material, and in
the processing of hardened steels with shock loads the phase state of the matrix component of the
composite plays a decisive role.
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