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Jocniooceno mexnonoziunuil npoyec NAACMUYHOI 0OPOOKU OPOH308UX 6MYJIOK
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BMYJIOK  MemoooM eubpayuonnozo oegopmuposanus. Illonyuenvl napamempoi
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1. Introduction

Equipment performance is the ability to perform preset functions in the process
of operation. It is estimated by comparing the actual values of parameters with the
specifications. The use of new technological processes in the manufacture and
reconditioning of parts contributes to the reliability of agricultural machines and
units. Insufficient reliability leads to a significant increase in reconditioning and
operating costs [1].

A large number of parts made of non-ferrous metals and alloys are used in
agricultural machinery. These materials have high antifriction properties and



corrosion resistance. They also withstand considerable specific loads and high
speeds. Most often these are bronze “bushing” type plain bearings [2].

In practice, vibration treatment is a highly effective method of increasing the
wear resistance of machine parts. Thus, the urgency of the work lies in a
comprehensive study of vibration treatment of bushings of agricultural machinery.
However, this requires determining the optimum values of process parameters.

2. Literature review and problem statement

The use of vibrations has some advantages over conventional treatment
methods. This is due to the harmonic vibrations of a workpiece or tool [3]. In [4], the
authors note an increase in the metal fatigue resistance under vibro-impact loading.
Also, the mechanical properties of a working surface during vibration centrifugal
hardening are improved [5]. According to the author [6], application of vibration
technologies contributes to resource saving. The authors of [7, 8] also indicate a
change in physicomechanical properties of the processed material and the
intensifying effect of vibrations. However, there is a lack of data on certain types of
parts.

Vibration treatment is characterized by a periodic separation of the surface of
the active part of the tool from the treated surface of the part, which leads to a
microprocess of unloading of these surfaces. The dynamic effect increases with
increasing parameters such as vibration amplitude and frequency [9]. These
parameters, as the authors [10] note, have a significant impact on the surface
hardening of workpieces.

The wear resistance of the parts subjected to vibration treatment is largely
determined by the depth of the hardened layer. However, the authors [11] indicate the
lack of specific recommendations for determining its values in the literature.

Therefore, a comprehensive research on vibration deformation of parts is
needed.

3. Goals and objectives

The goal of the experimental research was to increase the wear resistance of
bronze bushings of agricultural machinery through reconditioning by the method of
vibration deformation.

To achieve this goal, it is necessary to accomplish the following objectives:

— to justify the process parameters of vibration deformation of bronze bushings
of agricultural machinery, providing an increase in their wear resistance;

— to analyze the mechanical properties of the parts subjected to vibration
deformation.

4. Materials and methods of experimental research on increasing the wear
resistance of bronze bushings under vibration deformation

4. 1. Experimental materials and equipment



To get the results of the research of the parameters and characteristics of
materials under vibration deformation, the experiments were carried out on
specimens and on natural worn-out parts.

The specimens are made of BrOTsS 5-5-5 bronze (Fig. 1) of two dimensional
groups: the first — L=38.5 mm; d=68 mm; dy,=54 mm; the second — L=30 mm; d=68
mm; do=54 mm.

The inner surface of the specimens was treated with the U7 tool steel punch.
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Fig. 1. Test specimens: a — specimen designs; b — specimens of camshaft
bushings of YaMZ-236 engines with strain gauges

The punches (Fig. 2) were subjected to oil quenching to a temperature of 780—
800 °C, tempering at a temperature of 400—420 °C, ageing for 15-20 min, and
cooling. The hardness of the working part of the punch was 55-58 HRC, and of the
shank — 40-45 HRC. For determining the optimum angle of the treatment tool
(punch) during normal and vibration deformation of bronze bushing specimens, the
experimental research was conducted with the following angles B: 8°, 9°, 10°.
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Fig. 2. Hole punches: a — a general view; b — a structural diagram

Deformation of the bushings was carried out both with lubrication and with no
lubrication. Grease A and engine oil were used as lubricants.

The experimental research of deformation of bushing specimens and parts by the
method of vibration deformation was carried out on an installation, whose general
view is shown in Fig. 3. The main units of the installation are a vibration exciter (1),
a base (2) and a hydraulic lifting system (3). The bed and auxiliaries provide
attachment of the vibration unit, and also create reliable isolation of the entire
installation from the floor.

Fig. 3. The general view of vibration installation: 1 — a vibration exciter; 2 —a
base; 3 — a hydraulic lifting system



Vibration installation allows performing such operations as distribution,
compression and hardening. The required operating parameters are set on the
installation using the vibration unit. The operating parameters include the vibration
amplitude and frequency, as well as the speed of the treatment tool.

4. 2. Methods for determining the mechanical properties of treated parts

The metallographic research was carried out on grinding plates made of
camshaft bushings, treated by conventional and vibration deformation. For a research
of the revealed structure at 100-400 magnification, the MIM-8M microscope was
used.

The roughness of the treated surfaces was measured by the portable profilometer
253 by the R, parameter.

The research of the surface wear of the reconditioned parts was carried out by
the MI-1M machine. The test modes were chosen from the operating conditions of
the conjugate pair: the roller speed was 550 min™, the load — 460 N.

5. The results of the research on increasing the wear resistance of bronze
bushings under vibration deformation

It was experimentally revealed that the amount of the metal shifted to the
bushing end depends on the angle B, machining allowance and deformation rate. With
an increase in the punch speed, the mass of the metal shifted to the bushing specimen
end increases. The machining allowance was within 0.1-0.4 mm.

The values of the metal shifted to the specimen ends at different punch angles
and deformation rate of 0.03 m/s are shown in Fig. 4.
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Fig. 4. Variation of the mass m of the metal shifted to the bushing end at
different punch angles : 1 — normal deformation; 2 — vibration deformation



The research found that the smallest amount of the shifted metal was at the
punch angle =9°. Under vibration deformation, the intensity of the metal shifting to
the end of the bronze bushing with a length L=38.5 mm is much lower compared to
normal distribution. Thus, at the punch angle p=9° and allowance A=0.4 mm, the
mass of the shifted metal under vibration deformation is 6.5 times smaller in
comparison with normal distribution.

For determining the impact of the height of a gauge part of the tool on the
quality of the treated surface of parts, the punches were made with the gauge part
height of 3, 4, 5, 6 and 7 mm. The research was carried out on specimens with a
length of 38.5 mm and allowance of A=0.4 mm under normal and vibration
deformation.

Table 1 gives experimental data on variation in the roughness of the specimen
surface at different heights of the punch gage surface.

Table 1
Variation of the R, parameter of the specimen surface
Gauge part height h, R, values, um
mm Vibration deformation Normal deformation
3 2.2 3.8
4 0.8 2.6
5 0.9 2.9
6 1.5 3.6
7 1.7 6.2

The data in the table show that the lowest roughness value of 0.8-0.9 um for
vibration deformation was obtained at a height of the punch gauge part of 4-5 mm.
Under normal deformation, the smallest roughness was 2.6-2.9 um.

For the deformation process assessment, it is necessary to know the values of the
specimen treatment forces under normal and vibration deformation.

In the course of the research, the deformation forces were determined by means
of a pressure gauge and strain gauges. Fig. 5 shows the graphical dependencies of
variation in deformation forces of specimens for different allowances under normal
and vibration deformation.
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Fig. 5. Variation of deformation forces F from the punch angle : 1 — normal
deformation; 2 — vibration deformation

As can be seen from Fig. 5, with increasing the machining allowance and the
punch angle, deformation forces increase both under normal and vibration loading.
The nature of the curves is identical. The variation of the deformation force of the
BrOTsS 5-5-5 bronze specimens with the machining allowance A=0.4 mm and the
punch angle f=9° is 1.15 and 1.33 times lower than at the angles f=8° and p=9°,
respectively.

The research shows that the treatment force depends on the vibration amplitude
of the treatment tool — punch. The research was carried out at the following
amplitudes: 0.5; 1.0 and 1.5 mm (Table 2).

Table 2
Variation of the vibration deformation force at different amplitudes A, p=9°
A=0.5mm A=1.0 mm A=1.5mm
Allowance Force F, Allowance Force F, Allowance Force F,
A, mm N/m? A, mm N/m? A, mm N/m?

0.1 56 0.1 50 0.1 67
0.2 116 0.2 102 0.2 128
0.3 182 0.3 161 0.3 195
0.4 240 0.4 217 0.4 258

In Table 2, the lowest deformation force is observed at the vibration amplitude
of the treatment tool A=1.0 mm. Such values provide optimum deformation
conditions. With an allowance A=0.4 mm and amplitude A=0.5 mm, the treatment
force is 1.19 times lower than at an amplitude A=1.5 mm. This is due to the joint
action of static and cyclic (dynamic) stresses, which facilitates the movement of slip
lines and, consequently, reduces the deformation force.




For a comparison of the material quality of the bushing specimens subjected to
normal and vibration deformation, the metallographic research was carried out on
polished sections made of camshaft bushings.

The properties of bronze are determined by its microstructure, i.e. the type and
composition of structural components, which, in turn, are determined by the phase
composition [12].

Fig. 6 shows the microstructure of specimens after normal and vibration
deformation.

The microstructure examination showed that vibration deformation provides a
more fine-grained and uniform structure in comparison with normal treatment.

Fig. 6. Microstructure of BrOTsS 5-5-5 bronze specimens at X100
magnification: a — normal deformation; b — vibration deformation

The depth of the deformed layer was determined using the reticle eyepiece. The
eyepiece interval was 650 um under normal deformation, and 950 um under vibration
deformation.

An increase in the deformation depth induces hardening of the layers of the
specimens that are in contact with the treatment tool. Hardening under vibration
loading occurs more vigorously.

The wear resistance tests were performed for 18 pairs of specimens (6 pairs of
specimens made of new parts, 6 pairs of specimens after normal distribution and 6
pairs after vibration deformation).

The wear rate of the friction pair parts was estimated by the average mass loss as
a result of the tests. Duration of tests made up 2 hours.

The research results showed that the average wear rate of rollers was 0.0673 ¢
for those made of new parts, 0.0772 g — after normal deformation, and 0.0682 g —
after vibration deformation. The average wear rate of pads was 0.0904 g, 0.1106 g
and 0.0920 g, respectively (Table 2).

Table 2
Results of the research on wear resistance of specimens

IFriction| Parts | Padwear | Roller |Average pad| Average




pair rate, g wear rate, | wear rate, g | roller wear
number g rate, g

0.0904 0.0691

0.0920 0.0679

0.0908 0.0652

New 0.0913 0.0686 0.0904 0.0673

0.0905 0.0690

0.0903 0.0642

0.1140 0.0765

0.1111 0.0776

After normal 0.1065 0.0770
deformation 0.1113 0.0795 0.1106 0.0772

0.1085 0.0783

0.1121 0.0743

0.0972 0.0683

0.0951 0.0676

After vibration 0.0902 0.0689
deformation 00907 | 00680 | 9910 0.0682

0.0856 0.0673
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0.0944 0.0691

Table 2 shows that the wear rate of pads and rollers under vibration deformation
is respectively 1.2 and 1.13 times lower than under normal distribution.

6. Discussion of the results of the research on increasing the wear resistance
of bronze bushings under vibration deformation

Under normal deformation, the variation of the amount of the metal shifted to
the bushing end is non-linear within the allowances P=0.1...0.4 mm, and under
vibration deformation — almost rectilinear. The smallest amount of the material
shifted to the specimen end during deformation was at the punch angle p=9°. This is
due to the fact that at smaller angles, the contacting surface of the punch with the
treated bushing increases. Consequently, the number of contact points increases,
thereby increasing the material adhesion. With an increase in the punch angle, the
contact surface decreases, thus increasing the specific pressure and the amount of the
adhered material.

Under vibration deformation of a hollow specimen, repeated separations of the
treatment tool decrease the friction force, which reduces the material shift along the
specimen (to its end) and increases the radial deformation rate. The emerging
additional circumferential tensile stresses facilitate the metal movement in the layers
adjacent to the punch. As a result, the central layers get a greater elongation, which
contributes to the appearance of additional longitudinal and tangential tensile stresses
in outer layers and compressive stresses in central layers.

The research has shown that vibration loading leads to an alignment of the
structure. It becomes more uniform and fine-grained. Under deformation, more fine




grains are formed and favorable conditions for dislocation generation are created.
Dislocations promote an increase in the radial deformation rate. The obtained data
confirm the earlier theoretical research [13].

Under vibration deformation, grains are also crushed and directed towards the
treatment force. The number of grains, whose slip planes are located at 45° to the
applied force increases. First of all, the conditions for plastic slip deformation are
created in them, since shear stresses in these planes reach the maximum values. This
creates conditions for free movement of dislocations and formation of new ones.
When the treatment tool comes in contact with the bushing, the deformation rate
increases, along with the number of defects in the crystal structure. This complicates
the dislocation movement and leads to hardening, which helps to reduce the wear rate
of the working surface of parts.

Under normal deformation, the trajectories of the maximum shear stresses will
be at 90° to the specimen surface, under vibration deformation — at 45°. This is due to
cyclic separation of the punch from the treated surface. Consequently, under vibration
deformation, the slip lines will intersect the treated surface at an angle varying from
45° to 90°. Therefore, the force and rate of radial deformation under vibration
deformation will be greater compared to normal distribution. This promotes greater
compaction (hardening) of the workpiece surface.

7. Conclusions

1. The analysis of the experimental research has revealed the technical
possibility of using vibrations for reconditioning and hardening of "bushing" type
parts.

2. Based on the results of the experimental research, the process parameters of
vibration deformation of bronze bushings: vibration amplitude A=1.0 mm; machining
allowance A=0.4 mm; the punch angle $=9°; the height of the punch gauge part h=4—
5 mm are obtained. These parameters allow reconditioning of worn-out surfaces.
Also, they can be used for treatment of new parts. Vibration treatment allows
reducing the operational wear by 1.2 times. This indicates a higher wear resistance of
the parts reconditioned by vibration deformation, compared with non-vibration
deformation.
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Optimum design parameters of the tool for vibration deformation of bronze
bushings: the punch angle f=9°; the height of the punch gauge part — 4-5 mm are
obtained. For treatment of parts, the vibration amplitude of 1.0 mm, the machining
allowance of 0.4 mm and the plastic deformation force of 217 N/m? should be used.
The analysis of the microstructure improvement of the parts treated by vibration
deformation is presented. Under deformation, more fine grains are formed and
favorable conditions for dislocation generation are created, which promotes an
increase in the radial deformation rate. The obtained process parameters of vibration
deformation of bronze bushings allow reconditioning of worn-out surfaces. They can
also be used for treatment of new parts, thus increasing the wear resistance of
operating surfaces by 1.2 times. The research results can be useful in the
development and improvement of the processes of reconditioning “bushing” type
parts.
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