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0062060p1oemvCs npodIema NiOSUUEHHA PeCYPCY MAuUN
ma demanei 3a paxynox Oiivul epexmusHux mexHonozii
6 MawunodYyoyeanti, AK NPu 6U20MOBNEHHI, MAx i 6 peMOHm-
HOMY 6upobnuumei npu eionoenenni. OcHoenHol0 Memoio
docnidxcenns € o6Tpynmyeanns i euodip Oinvw epexmues-
H020 MemoOy nideuuienns 006208iunocmi ma naoditinocmi
demadneii nopunesoi epynu 08u2YHié HYMPIUHBL0O20 320PAH-
HS 3 YPAXYBAHHAM KOHCMPYKMUBHUX | MAMEPIANOIHABUUX
(paxmopis. Po3pooaeno mexnonozivnuii npoyec 6i0no6aeH-
na Odemaneil éibpayiinum dedopmyeannam, ocobausocms-
MU K020 € nepioouuna 0is po601020 opzany na oopooGIO-
eany nosepxuio. Busnaueni napamempu mexmnonoziunozo
npouecy 6iOpauiiinozo amiyHenHa: weuoxicnms dedpopmyesan-
na v=0,030 m/c, npunyck na o6pooxy I=2,0 mm, pobouui
opean — nyamncon 3 kymom naxuny p=11°, eucomoro xanio-
pyrouozo nosacka h=4 mm. Ilpoananizoéano ymosu i mpu-
eanicmo excnayamauii 0ocaiodcyeanux demaneii, memoou
nonepeonvoi 06podxu, cnocobu eionoeaenns ma mamepi-
an. Ananiz YuHHUKIG, W0 6U3HAUAIOMY THMEHCUBHICMb 3HO-
wyeanns pobouux nosepxonv demasei, 00360aU8 Po3PoOOU-
mu mexHoN02iMHUIL NPoUec IMIUHEHHS AK NPU 6U20MOBIIEHHI
8 Mmawunodyoyeanni, max i 6i0HOBJIEHHI 6 PEMOHMHOMY
eupoonuymei. /Jocaioxnceno cxemu KOHCMPYKMUEH020 piute-
na 8ibpauitinoi ycmanosxu 0aa eubopy Ginvu 6ucoxoi epex-
mueHocmi mexnonoziunozo npouecy. Buseaeno niosuwen-
Ha naacmuunocmi demaneti na 21...27 % npu euxopucmanni
eiopauitinux xoausanv. B pesynsmami nposedenns xomn-
Jlexcy 00CnioNcensb i eKxcnepumenmie 3anponoHo8ana mex-
HOJ02i51 610HOGNCHHA 6MYJOK BEPXHIX 20J1060K WAMYHIE
Memodom eibpauiiinozo smiynenns. Cymo ma ocoéueocmi it
noas2aoms 8 KOMNEHCAuii 3HOUEeH020 PoHoU020 wapy naac-
muunum 6idpauiinum deopmysannam, npu pozoaui nyau-
CoOHOM Hepo001020 wapy. Buxopucmanns danoi mexnonozii
00360J1€ OMpumMamu n0GepxXHI0 3 NiBUWLEHOI0 3HOCOCMIll-
xicmio. Peaynsmamu ompumanux 00caioxncen Moscyms oymu
suKopucmani 6 MawunodyoieHomy eupoOHUYMEi Ons 3Miy-
HeHHs 3a3Hanenux demanell npu 6u20mMoGaeHHi

Kniouoei cnosa: naacmuune depopmysanns, éiopauiina
06poora, 3nococmilixicmo, wopcmricmo noéepxmi, inmen-
cusHnicmo i weuoxicmv depopmysanns
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1. Introduction

Plastic deformation at machining should be regarded not
only as a method for obtaining the required shape and size of
parts but also as a material strengthening technique, which
has a significant influence on operational performance. Using
effective methods of machining helps in turn improve the
durability of machine components.

The problem of durability improvement has acquired
relevance in connection with the creation of the newest
high-performance machines operating under heavy loads
and speeds. Enhanced machine resource is largely achieved
through the restoration of parts, which produces a positive
effect on improving the indicators of reliability and utiliza-
tion of equipment [1].

Enhancing wear resistance of surfaces of machine parts
necessitates development and implementation of effective
methods of strengthening. The application of a comprehensive
technology for the restoration and strengthening of machining
tools based on vibratory oscillations could prove to be an im-
portant and relevant direction for the agroindustry in Ukraine.

The practice of repairing production quite often employs
restoration of worn-out parts of the bushing type: a piston
pin, a bushing of the conrod upper head, a bushing of the oil
gear, a rocker arm bushing, etc. The amount of wear depends
on several factors: conditions, duration of operation, methods
of pretreatment, material, restoration options, etc.

Restoration of the worn-out parts using plastic deforma-
tion and reuse could greatly reduce repair costs and relieve
the industry of manufacturing spare parts for machines.




The essence of restoration implies that worn-out parts re-
gain the size and shape to ensure standard performance, spe-
cified by technical specifications. The practice of repairing
production employs various techniques of restoration.

The most common one is a technique of plastic defor-
mation, based on the properties of metals and alloys (dis-
pensing, crimping). The essence of both processes implies the
displacement, under pressure, of a material of parts brought
to the plastic state.

In the practice of repairing production the most common
restoration method is the restoration of specified parts using
dispensing. It should be noted that the process of shape
formation is largely influenced by the inclination angle of
a machining working body (punch) and the tolerance magni-
tude (tightness) for processing.

The existing pressure metal processing theory mainly
describes data on such technological machining processes as
free forging, bulk punching, rolling.

When machining parts of the bushing type, there are no
guidelines for determining the magnitude of deformation, the
inclination angle of a punch, its roughness, and the magni-
tude of a calibration belt.

Improving the plasticity of a components’ material en-
hances efficiency of the deformation process. Therefore, it is
an important task is to obtain such a state of the parts’ ma-
terial that would enable machining under pressure without
preheating.

2. Literature review and problem statement

The application of mechanical oscillations of various
spectrum in technological processes (finishing and hardening
treatment, vibratory-stabilizing treatment, change in the pa-
rameters of a process and material condition, etc.) has good
prospects. The interest from specialists in various fields to
this issue will definitely grow [2]. At the same time, the ap-
plication of vibratory oscillations is considered only in terms
of reducing an abrasive wear.

The longest durability of parts and assembly units is
achieved when implementing advanced technologies in order
to improve the properties of materials, in particular using
vibratory oscillations. That can be achieved by employing
different structural designs during a deformation process
under pressure, as well as mechanical machining [3]. How-
ever, the scheme proposed in a given paper does not make it
possible to use it for the restoration of components.

Maintaining strength characteristics and durability indi-
cators of treated surfaces is achieved by the formation of opti-
mal structure of surface layers [4]. Specifically, that involves
using the direction of oscillations. However, the issue was
not fully investigated in a given work, which imposes certain
limitations on the applicability of the proposed solutions.

Technological processes based on vibratory oscillations
enable the following: to intensify the existing technological
processes; to develop new materials treatment techniques;
to reduce energy costs and significantly improve the quality
of treatment [5]. This study confirmed the improvement of
efficiency of a technological process when using vibratory
oscillations. However, despite the advantages, still unre-
solved is the task on finding the optimal parameters at plastic
deformation.

Analysis of paper [6] reveals that most worn-out machine
parts and assembly units have a high residual value. When

restoring, they use 20...30 times less material than at manu-
facturing new ones. Over 90 % of defective parts have a wear
of 0.1..0.3 mm, that is, they lost 0.05...0.10 % of their mass.
About 65...75 % of the specified parts can be restored [7]. The
authors of studies consider the issue only conceptually, there
is therefore a need to examine this issue in more detail.

Work [8] reports research into durability improvement
of carbon steel at different ways of treatment. However, the
author does not reveal the possibilities of application of plas-
tic treatment of products made of non-ferrous metals for the
components of agricultural machinery. The study has shown
that upsetting reduces the volume of bushings at the expense
of material compaction. The bronze bushings volume was
reduced by 1.035 % at a compression pressure of 1,300 MPa
compression [9].

A systematization of the results of cited research suggests
that there are no optimum parameters for the technological
process of vibratory deformation. Therefore, it is necessary
to examine the relationships in order to obtain such quality
of strengthening surface of parts (piston pins, bushings of
engine crankshafts upper heads, etc.) that would ensure in-
creased wear resistance.

3. The aim and objectives of the study

The aim of present work is to study wear resistance of ma-
chine elements of the «bushing» type when restoring using
a method of vibratory hardening.

To accomplish the aim, the following tasks have been set:

— to investigate the effect of parameters of machining and
the working tool at a standard deformation and a vibratory
deformation;

— to assess the wear resistance of parts at different me-
thods of restoration.

4. Materials and methods for experimental study
into the influence of hardening treatment of bushings
at a vibratory deformation

An important role belongs to the schematic design of
avibratory machine, which greatly influences the accuracy of
centering the machining tool (punch) and the restored part.
To this end, a vibratory installation was built based on two
structural schemes.

The first variant (Fig. 1, @) implies that the part to be
restored is stationary while a vibrating punch is moved using
a hydraulic system thereby performing the process of defor-
mation (dispensing).

For the second variant (Fig. 1, b) vibrator (7) is mounted
on the plate (10) with four rollers (9) fixed at its edges. The
rollers move along guide plates (8) with a certain curvature,
fixed to racks (12).

For the second design of a vibratory installation, the
vibrator, along with a plate and a punch, perform oscillations
around neutral position. A matrix holding the part displaces
towards a vibrating punch. This is the way a technological
process of the deformation of a material of the part is carried
out. Such a design of the installation has two drawbacks.
First, the displacement of rollers of the vibrator plates along
a certain curvature of plates creates additional noise during
operation. Second, it is more difficult to enable the centering
between a punch and a part.



Fig. 1. Designs of various variants of the vibratory node
of the vibration installation: a — first variant; b — second
variant; 1, 7 — vibratory exciter; 2, 10 — plate of
the vibratory exciter; 3 — chuck; 4, 11 — punch; 5 — guide;
6 — tie; 8 — guide plate; 9 — roller; 12 — rack

The studies were carried out using the installations built
in line with the shown structural designs. The data obtained
demonstrated a higher efficiency of the deformation process
for the installation whose diagram is shown in Fig. 1, a. The
hardness of the material at the inner surface of the part is
1.35...1.42 times larger than that of parts machined in line
with the second structural scheme. That relates to the higher
sub-structural hardening of the machined part’s material at
which the stressed state at all points of the treated material is
the same. A significant influence is exerted by the following:
a shape of the machining tool, heterogeneity of the physical
properties of a material and the shape of a deformed part,
external friction, etc.

To identify the rational shape of the working tool at
a standard deformation and a vibratory deformation, the
punches were made in the form of a ball and a cone (Fig. 2).
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Fig. 2. Bushing dispensing diagram by a punch:
a — ball shape; b — conical shape

Force P that acts on the punch is decomposed into two
components, one of which is tangential to the point of a ball-

shaped punch and forming a cone shape. The second compo-
nent Py acts perpendicular to the tangent line at the point on
the surface of the ball shape and to the forming conical sur-
face of the punch. In turn, the component P; is decomposed
into force Pg, directed along a radius of the bushing, and
force Py, acting in the direction of punch movement.

The dispensing diagram shows that effort Pg is spent
on the deformation of the bushing in radial direction, and
effort Py — on the displacement of the material along the
length of the bushing.

Upon deformation, a mass of the metal displaced to the
end of the sample was determined by weighing at the analy-
tical scale VLA-200M with a measuring accuracy of 0.0001 g.

5. Results of studying wear resistance of bushings
in engine connecting rods upper heads

5. 1. The influence of machining parameters, as well as
parameters of a working tool, at a standard deformation
and a vibratory deformation

To determine optimal machining parameters, as well as
parameters of a working tool, at a standard deformation and
a vibratory deformation, we studied deformation rates, ma-
chining tolerance, the magnitude of punch inclination angle,
the height of a calibration belt.

We investigated the influence of punch motion speed on
the magnitude of machined material sticking on the surface
using the samples with a length of 110 mm. The rate of defor-
mation was 0.015; 0.030; and 0.045 m/s.

Results of the studies conducted (Table 1) showed that
both at a standard deformation and a vibratory deformation
an increase in the deformation rate leads to an increase in
the amount of metal that sticks resulting to a decrease in the
quality of the machined surface.

Table 1

Amount of the metal that sticks depending
on the deformation rate

Tolerance mag- | Deformation Amount of the metal that sticks, g
nitude A, mm | ratev,m/s | g3 | Bronze BITZL 5-5-5
Vibratory deformation

0.15 0.023 0.044
2.0 0.30 0.025 0.049
0.45 0.030 0.058
0.15 0.036 0.063
2.5 0.30 0.040 0.072
0.45 0.048 0.087
Standard deformation
0.15 0.064 0.113
2.0 0.30 0.080 0.144
0.45 0.107 0.197
0.15 0.087 0.156
2.5 0.30 0.104 0.197
0.45 0.140 0.251




At a vibration loading, an increase in the deformation
rate leads to a slight increase in the amount of the metal that
sticks. During standard machining the intensity of sticking
to the surface of a punch is considerably greater than that at
a vibratory deformation.

Thus, at a deformation rate of vV=0.030 m/s, a machi-
ning tolerance of A=2.5mm, and a length of the steel
sample of /=110 mm, the amount of metal that sticks under
a normal loading is 2.6 times larger than that at a standard
machining.

At a deformation rate of 0.045 m/s the amount of metal
that sticks increases under a normal loading by 1.37 times,
and at a vibratory loading — by 1.2 times compared to
the amount of metal that sticks at a deformation rate of
0.030 m/s.

That can be explained by the fact that an increase in the
punch motion speed leads to a decrease in the deformation
duration while a temperature in the contact area increases.
This creates more favorable conditions for setting a material
and its sticking to the punch surface.

Based on the research conducted, it was established that
plasticity increases by 21...27 % at a vibratory deformation.

The study revealed that at a machining tolerance
A=2mm under conditions of standard deformation with
a punch inclination angle of B=11° and a deformation rate
of 0.03m/s the mass of the displaced metal amounted to
1.148 g, and at a vibratory deformation reached 0.562 g,
which is 2.04 times greater.

Height of the punch calibrating part % exerts a signi-
ficant effect on the roughness of the machined surface of
a part. We fabricated punches in line with a height of the
calibrating part of 3, 4, and 5 mm. The study was carried
out using the punches with inclination angle f=11° at ma-
chining tolerance A=1.5 mm and length /=110 mm under
conditions of a standard deformation and a vibratory defor-
mation (Table 2).

Table 2

Changes in the surface roughness
of machined samples

Height h of the
punch calibra-
ting part, mm

Vibratory deformation | Standard deformation

Parameter R, um Parameter R, um

3 6 9
4 4 8
5 5 1

An analysis of Table 2 indicates that the lowest machined
surface roughness was demonstrated at height A=4 mm
of the punch calibrating surface both at a standard deforma-
tion and a vibratory deformation.

A deformation effort was estimated by the magnitude of
its intensity.

Table 3 gives data on a change in this magnitude de-
pending on the tolerance, punch inclination angle, and the
deformation method.

The magnitude of the deformation effort intensity at
tolerance values of 0.5...1.5 mm and 2.0...2.5 mm during vib-
ratory machining was, respectively, 1.6..2 and 3...4.5 times
less. That was also confirmed by earlier studies undertaken
when machining other parts [10].

Table 3

Deformation intensity values

Intensity value

Ingll— Vibratory deformation Standard deformation
nation
angle, Machining tolerance, mm

05110 |15]20(25]|05[10|15]20]|25
10° 0.2210.24(0.19|0.10]0.17]0.39{0.41 [ 0.38 | 0.42 | 0.49
11° 10.2310.24(0.20(0.10{0.18]0.390.41 [ 0.39 | 0.43 | 0.48

12° 10.24(0.25[0.22]0.11]0.20 | 0.42 | 0.42 | 0.40 | 0.43 | 0.50

5. 2. Estimation of wear resistance of parts at different
restoration methods

In order to conduct comparative studies of bushings
in the tractor MTZ-82.1 connecting rods upper heads us-
ing the methods of standard deformation and vibratory
deformation, the latter were machined by punches made
of steel U9 with inclination angle B=11°. A punch head
(working part) was tempered to a hardness of 60..65 HRC;
a shank — 48..50 HRC. The bushings were machined at
punch motion speed v=0.030 m/s. Bushings’ internal dia-
meter was measured in three sections for length and in four
planes A—A, B-B, C-C, D-D (Fig. 3).

A

Fig. 3. Micromeasurement diagram of the connecting rod
upper head bushing

Data on the micromeasurement of the connecting rods
upper heads bushings, restored using a standard deformation
and a vibratory deformation, are given in Tables 4, 5.

The magnitude of linear wear of bushings, restored using
a vibratory deformation, is 1.81...1.95 times less than that at
a standard dispensing.

The data obtained in the course of research into dispen-
sing of samples-bushings using a standard deformation and
a vibratory deformation demonstrated a higher effectiveness
of the vibratory machining method. The magnitude of defor-
mation in radial direction increased by 1.2 times, and for the
length of the sample decreased by 2.2 times. A deformation
effort reduced by 2.32 times while improving the structure of
the material (which became more fine-grained). The amount



of metal displaced at the end of the sample also decreased;
the amount of metal that sticks on the punch working surface
reduced as well [10].

The study into vibratory deformation of samples-bu-
shings allowed us to argue about the feasibility of application

Table 5

Data on the micromeasurement of the connecting rods
upper heads bushings, restored using a standard

dispensing

of a vibratory method to restore such parts as piston pins, etc. Measurement plane
Table4 | €TSS | A p B-B c-C D-D
. . section
Data on the micromeasurement of the connecting rods number
upper heads bushings, restored using a vibratory Wear Wear Wear Wear
deformation amount, mm | amount, mm | amount, mm | amount, mm
Measurement plane Bushing 1
Cro'ss- A-A BB c-c D-D 1 0.076 0.073 0.075 0.074
section
number 2 0.065 0.061 0.063 0.056
Wear Wear Wear Wear
amount, mm | amount, mm | amount, mm | amount, mm 3 0.072 0.070 0.071 0.068
Bushing 1 Bushing 2
1 0.039 0.038 0.041 0.040 1 0.074 0.080 0.77 0.74
2 0.035 0.033 0.034 0.032 2 0.061 0.062 0.58 0.58
3 0.038 0.040 0.039 0.038 3
Bushing 2 Bushing 3
1 0.040 0.041 0.039 0.039 1 0.072 0.073 0.074 0.075
9 0.031 0.034 0.033 0.032 2 0.059 0.057 0.060 0.061
3 0.039 0.040 0.038 0.038 3 0.069 0.073 0071 0.070
Bushing 3 Bushing 4
1 0.038 0.039 0.038 0.040 ! 0.073 0.074 0.076 0.073
2 0.063 0.060 0.057 0.058
2 0.032 0.031 0.033 0.032
3 0.071 0.070 0.074 0.070
3 0.037 0.038 0.039 0.039
Bushing 5
Bushing 4
1 0.076 0.078 0.072 0.074
1 0.037 0.038 0.039 0.040
2 0.061 0.060 0.059 0.062
2 0.031 0.032 0.033 0.032
3 0.073 0.070 0.071 0.072
3 0.035 0.036 0.037 0.038
Bushing 6
Bushing 5
1 0.075 0.076 0.078 0.077
1 0.039 0.040 0.038 0.039
2 0.063 0.066 0.065 0.065
2 0.032 0.032 0.033 0.033
3 0.072 0.076 0.075 0.073
3 0.038 0.038 0.039 0.039
Bushing 6 6. Discussion of results of studying
1 0.041 0,040 0.041 0.039 the improvement of parts wear resistance at a vibratory
deformation
2 0.032 0.030 0.033 0.031
The study conducted has allowed us to develop a techno-
3 0.039 0.038 0.039 0,038 logy for the vibratory restoration of bushings of connec-
ting rods upper heads in automobile and tractor engines.




A special feature of the technology is the use of vibratory
oscillations during plastic deformation. Vibratory oscilla-
tions are initiated by the working body — a punch, which
compensates for the worn-out layer a part’s working surface.
The chosen optimal parameters of a working tool make it
possible to reduce the magnitude of deformation intensity.
The advantage of a given technology is providing for a higher
wear resistance compared to other existing techniques. The
application of a given parts restoration process based on
the proposed scheme eliminates a thermal influence on the
structure of the surface layer. Enhanced wear resistance is
a consequence of the uniform distribution of load between
the microscopic volumes of parts. That results in a more fine-
grained and uniform structure.

One should pay attention to the shortcomings that
include a decreased machining tolerance, which could com-
promise performance efficiency. This notion might be con-
sidered when designing, as well as improving, pressure
treatment technologies in mechanical engineering and repair
production.

Present work is continuation of earlier studies that were
based on the application of vibratory oscillations in techno-
logical processes.

7. Conclusions

1. We have investigated the influence of machining pa-
rameters, as well as parameters of working tools, at a standard
deformation and a vibratory deformation. At deformation
rate v=0.030 m/s, machining tolerance A=2.0 mm, punch
inclination angle B=11°, calibration belt height =4 mm, the
magnitude of deformation effort intensity when using vibra-
tory oscillations is 3...4.5 times less.

2. The proposed method for restoring the bushings of
connecting rods upper heads makes it possible to reduce wear
by 1.81...1.95 times compared to a standard dispensing. That
becomes possible due to the uniform distribution of load bet-
ween the microscopic volumes of parts, resulting in a more
fine-grained and uniform structure.
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