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Abstract—The paper presents the effect of an increase in wear resistance after several operating cycles of
hard-alloy plates is investigated and the results of investigations. The plate is heated to one-third of the melt-
ing temperature and subjected to air fluctuations with frequencies of 160—800 Hz. A hypothesis on how aero-
dynamic impacts occur on hard alloy surfaces is presented. An experimental way to strengthen the surface
layer of metal cutting plates is described. It is revealed that under industrial condition the mean time between
failures for the plates processed by mentioned procedure is 1.8—2.2 times higher than for the standard delivery

plates.
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INTRODUCTION

The efficiency of the technological process of
mechanical processing and the quality of processed
surfaces are connected with the wear resistance of the
working face of the cutting tool in the contact with a
processed material subjected to friction, adhesion, and
brittle wear [1]. Deformation hardening and heat soft-
ening precede brittle failure. The intensity of the
aforementioned types of wear depend on the abrasive-
ness of the processed material, the microstructure of
the working faces of the cutting tool, and the temper-
ature in the cutting area and heat conductivity of both
the processing and the processed materials [2—4]. The
wear resistance of a tool can be determined using the
relationship between wear /5 and the time of tool oper-
ation, within which it reaches one of dulling criterion,
i.e., resistance 7.

The main ways to increase the wear resistance are
the hardening and modification of the working face by
applying wear resistant coatings and implanting ions
[5—8]. However, as a rule, these methods do not influ-
ence the impact strength of hard alloys, which are
widely used for cutting tools.

One of the unique properties of hard alloys is high
strength under compression (3.5—7.0 GPa), i.e.,
higher than for other materials [9]. The characteristics
of the tool during turning operations, lateral bending
strength, and correlations between parameters are
determined experimentally [10—12]. During milling,
when the cutting edge is subjected to thermal shock
and tensile stress, especially when it leaves the cutting
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area, high strength during lateral bending is only an
indirect indicator of the fracture strength [12].

The impact resistance is a better criterion for char-
acterizing the hard alloy strength than the bending
strength. It is determined by critical stress intensity
K¢, which increases if the cobalt content and grain
size of the WC are increased (Fig. 1) [13, 14].

It has been revealed that the cyclic strength of sin-
tered hard alloys decreases if the temperature is
increased, and the fatigue characteristics of WC—Co
materials depend mainly on the microstructure. The
growth rate of the fatigue crack decreases if the grain
size of the WC or the cobalt content is increased [15].
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Fig. 1. Relationship between critical stress intensity K for
‘WC-based alloy and cobalt content for different sizes of
grain: (/) 1.5 um; (2) 2.8 um; (3) 7.5 pm.
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HYPOTHESIS

The process of the wear of contact surfaces of hard
alloys is intensified because dislocations in the grains
of the carbide phase are distributed nonuniformly, its
density in the local volumes is increased, and ther-
mally instable structures form. These structures are
slip bands, which initiate microsplits and the explo-
sion of grains of the carbide phase [1, 15].

In hard alloy, which is overdeformed material, dis-
locations are distributed inside of the subgrains and, to
a lesser extent, along their boundaries. Under small
deformations, the dislocation densities are close over
lattice and blocks microdistortion values.

Instrumental materials, which are characterized by
a finely dispersed polycrystalline structure and are
deformed and heated during cutting, accumulate a
great number of dislocations and vacancies, as a result
of which the adhesion and diffusion activity increase.
The polycrystalline structure and high number of
structural defects formed during cutting accelerate the
diffusion when processed and instrumental materials
interact with each other.

If the dislocation density in metal is increased, the
hardness rises and, on average, the hardness of the
deformed body is proportional to the stress that acts
during deformation. It is known from dislocation the-
ory that the stress of deformation during different
hardening mechanisms is proportional to the square
root of the dislocation density. Residual stresses and
latent energy depend on the dislocation density and
distribution. The density of the slip bands decreases
over the depth of the deformed layer approximately
according to exponential law. If martial’s hardness
increases, the number of different types of dislocation
increases in the closely packed planes of initial struc-
ture, which form due to high-energy impacts during
manufacturing or hardening.

On one hand, the dislocation formations in the
material are a barrier for dislocation displacement
and, on the other hand, they are barriers for the elastic
displacement of structural elements that greatly
decreases the material’s ability to quickly absorb the
mechanical energy during shock load; i.e., its impact
strength drops.

MATERIALS AND METHODS

The procedure of the developed method is as fol-
lows: hard-alloy plates are heated uniformly over the
total volume to a temperature at which the self-energy
of movable dislocations on crystal lattice defects rises
without structural variations.

The conditions of aerodynamic impact should be
chosen such that the energy of acoustic oscillations is
scattered and absorbed mainly by structural defects.
The energy absorbed by defects in the crystal lattice
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relieves the strain and blocks the dislocation mobility, as
well as increases the mobility of frozen dislocations and
promotes their motion. Acoustic oscillations under the
chosen conditions initiate the motion of dislocations
and increase the density of the movable dislocation. As
a result, in the deformed structure, the existing sub-
boundaries split and new boundaries form that move
towards the propagation of acoustic oscillations.

If acoustic oscillations are superposed, stresses that
act on the dislocations change their value and sign.
Upon changes in both the magnitude and sign of the
voltage, the dislocations move away from the obstacles
and generate a new impulse to consistently overcome
them. In addition acoustic oscillations influence
greatly onto existed oxide film, which deforms and
destroys, if deformation intensity is increased still
more. Hereby, conditions necessary and sufficient for
dislocation going out to the surface are formed.

The presented two-cycle acrodynamic impact with
acoustic oscillations of different intensities in each
cycle causes the following: in the second cycle, less
movable dislocations go toward the surface, while in
the first cycle, the more movable dislocations reach
the surface.

Acoustic ' oscillations with air pressure of 1.5—
2.0 bars and air consumption of 2.5—2.9 m3/h for the
first cycle and air consumption of 4.4—5.0 m3/h for the
second cycle make it possible to generate optimal (over
energy density and superposed acoustic waves)
impacts for different types of dislocations that differ in
value and density, as well as to adapt the process to
industrial conditions, which makes it efficient.

RESULTS AND DISCUSSION

We investigate the aerodynamic impact on phase
transformations in the structure of standard samples
manufactured in the form of five-faced plates made of
T15K6 alloy according to GOST Russian State Stan-
dard 3882—74.

The slices are taken from the end face of the plate.
The microstructure of the material is examined on
etched and unetched samples. Samples are etched by
4% water solution of picric acid. Images are fixed with
a MICRO 200 metallographic complex using a video
camera and are displayed on a PC monitor.

We determined the sizes of structure components
using ImageSP software. We mark the examined
objects (carbide phases) with colors. In microphotos,
we mark carbides WC and (Ti, W)C and determine a
share of area occupied by the examined phase with
respect to photo the area.

The data show that the aerodynamic impact
increases the proportion of TiC—WC carbide, and
decreases shares of WC carbide and of a binder (Table 1).
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Table 1. Share of area occupied by examined phase with respect to image area
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Sample Share of area Share of area Share of area Share for binder. %

P for WC, % for (TIC—WC), % for carbides, % 270
Standard 21 69.48 90.48 9.52
Processed 17.73 76.60 94.33 5.67

It can be seen from Fig. 2 that aerodynamic
impacts delete tracks caused by plate grinding and
scratches caused by different things.

X-ray analysis is performed using a DRON-3 dif-
fractometer with Bragg—Brentano focusing and 3 fil-
ters. The investigation makes it possible to determine
the phase composition of the samples (Table 2).

At an equal ratio between WC and TiC—WC car-
bides, the line intensities are redistributed, since the
stressed state of alloys changes due to structural trans-
formation and variations in the phase disposition
caused by aecrodynamic impact. Variations in the ratio
between carbide phases can be explained by distor-

tions that are ordered and balanced at the dislocation
level due to aerodynamic impact.

Figures 3 and 4 depict masks for tungsten WC car-
bides and histograms of their distribution according to
size class over area. We reveal that, for all of the sam-
ples, the area of grains of tungsten carbide is no higher
than 16 um?. It can be seen that, in the plates subjected
to aerodynamic impact, phases are redistributed and
refined. For the standard sample (Fig. 3a), in the
examined segment, the number of grains with areas of
1—2 um? is 35—43 pieces and, with an area of 14—
16 um?, there are 1—2 pieces. At the same time, for the
processed sample (Fig. 3b), the number of grains with

Fig. 3. Masks for marking tungsten carbide grains in T15K6 samples: (a) standard and (b) processed.
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Fig. 4. Histograms for grains distribution over square in the samples: (a) standard and (b) processed.

h3, mm
0.3
0.2

0.1

oLLf—1 1111
30 7, min

Fig. 5. The relationship between wear on the back surface
h3 of (1) standard and (2) processed plates made of hard-
alloy T15K6 and cutting time T'under milling pieces made
of 40X steel.

an area of 1—2 um? is 75—82 pieces and there are no
segments with an area of 12—14 um?.

Table 2. Phase line intensity for standard and processed
samples made of T15K6 alloy

Line Line
Line Phase | intensity, || Line Phase | intensity,
mm mm
Standard sample
1 |WC 67 8 | WC, TiC 45
2 | WC, TiC 235 9 | WC 20
3 |TiC 95 10 | TiC 21
4 |WC 135 11 |WC 30
5 |TiC 45 12 | WC 20
6 | WC 27 13 | TiC 6
7 |WC 12 14 | WC 15
Processed sample
I |WC 70 8 | WC, TiC 30
2 | WC, TiC 197 9 | WC 14
3 |TiC 70 10 | TiC 12
4 | WC 87 11 | WC 17
5 |TiC 35 12 | WC 15
6 | WC 19 13 | TiC 6
7 |WC 7 14 | WC 10

JOURNAL OF FRICTION AND WEAR

The investigations on the wear resistance of hard-
alloy T15K6 plates processed using aerodynamic
impact show that the aerodynamic impact decreases
the wear rate at the back surface and insignificantly
increases (by 15—20%) the wear resistance of a tool
made from hard alloys if it operates in the area where
adhesion wear is prevalent.

Comparative testing is carried out at the
StankoGomel plant (Gomel, Belarus). Workpieces
made of 40Kh steel are milled with a GF2122 rotary-
table milling machine using a junk bit with a diameter
of 200 mm with 12 teeth equipped with PNUM-
110408 hard-alloy plates made of T15K6 (intermittent
feed milling with varied depth of cut 3.0—5.0 mm, fre-
quency of work spindle is 500 min~', feed rate is
450 mm/min). It has been determined that the mean
time between failures of hard-alloy plates subjected to
aerodynamic impact is 1.8—2.2 times higher than it is
for the standard sample.

CONCLUSIONS

Under intermittent feed milling, the wear resis-
tance of hard alloy is determined by the impact
strength. Therefore, it is necessary to secure the high
hardness of surface layers without decreasing the
impact strength. The presented procedure that makes
possible to increase the impact strength and save the
initial high hardness is very efficient with respect to
hard-alloy tools that operate under hard conditions.

Production tests of hard-alloy tools processed by
aerodynamic impact demonstrate increased wear
resistance (by two to three times) under alternating
shock loads in the area of brittle fracture and the plas-
tic deformation of contact part of cutting tools.

In the authors’ opinions, this effect is achieved by
acting on the dislocation structures of the tool’s inter-
nal layers. For this purpose, we use several cycles of
thermal and aerodynamic impacts, i.e., the tempera-
ture is varied by 10—30% of the melting temperature
and, for aerodynamic impact, we use directed oscilla-
tions of acoustic frequency in the range of 160—800 Hz
within the predetermined period of time.
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