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IIpusedenvr pezyrvmamoel ucciedo08anus yciouil pabomsl Oemaneti MAuuH,
8bISABICHbL NPUHUHBL CHUMNICEHUSL UX pPecypcd, OaH AHAIU3 Memooo8 80CCMAHOBIEHUS
ux pabomocnocoonocmu. Ilpeonodicen mexHonO2UYECKUU NPOYECc NOBLIUEHUS UX
00/1208eUHOCMU  NPpUMeHeHueMm 0Oonee 3hpexmusHoco memooa B80CCMAHOBNEHUS
INEKMPOKOHMAKMHbIM — npusapusanuem.  Onpeodenenvl  3HAYEHUSI  OCHOBHBIX
napamempos npeoyioHCeHHOU MeXHOLOSUU.

Knrwoueswvie cnosa: s1ekmpokoHmaxmuasn npueapka, mexHoio2udeckull npoyecc,
abpazusnoe usHawUsanue, NPOYHOCMb CYEenieHUsl, CBOUCMBA NOKPLIMUAL.

Ilpuseoeni pezyromamu 0ociiodceHb YMO8 pobomu Oemaneii MAuuH, GUsGIEeH]
NPUYUHU  3HUMCEHHS IX pecypcy, NOOAHUU aHali3 Memooi8 BIOHOGNEHHS iX
npayezoamuocmi.  3anponoHOBAHULI  MEXHONO2IUHULL  npoyec NiOBUWEHHS  iX
006208IUHOCMI  BUKOPUCAHHAM  Oilbl  epheKmusHo20 Memoody  GiOHOBNEHHS.
eleKMPOKOHMAKMHUM NPUBAPIOBAHHAM. 3HAUOEH] 3HAYeHHs OCHOBHUX NApamempie
3anpPOnOHOBAHOI MEXHOJIO2IL.

Kntouoei cnoea: enexmpokoHmakmmue npusapro8aHts, MexHoI02iuHUll npoyec,
abpaszusHe 3HOULYBAHHSL, MIYHICb 3YENTIeHH S, GLACMUBOCMI NOKPUINNAL.

1. Introduction
An important task facing agricultural production is the reliable operation of
machines and units.



An essential role in this is given to the development and application of advanced
technological processes that allow increasing the resource and reduce their cost by
40-50 % [1].

In this regard, the issues of research on the development and implementation of
electric contact welding technology in restoring parts have acquired particular
urgency.

One of the methods for increasing the wear resistance of worn parts, and
therefore their resource, is the electric contact welding of the metal layer (tape, wire,
powder materials) [2]. Despite the fact that this technology is used, but not all of its
capabilities are used today to improve the quality of the restored parts of machines.

Restoration of parts by electric contact welding can produce a surface layer
superior to the corresponding properties of the new part: strength, wear resistance,
corrosion resistance.

Therefore, the study of the application of technological possibilities of the
electric contact welding method is actual.

2. The object of research and its technological audit

The object of research is the working organs of agricultural machines operating
in an abrasive medium.

The scheme of the coating process is shown in Fig. 1.

Fig. 1. Welding scheme for metal powder: 1 — roller-electrode;



2 —welded layer; 3 — bunker; 4 — part; 5 — mesh; 6 — powder

Before coating the surface of the machine part, a metal mesh is fixed. The
powder is fed in front of the roller-clectrode at a certain angle y (the angle of the
powder supply), which ensures the full filling of the mesh cells. When the restored
part is rotated, the mesh cells transport the powder particles to the welding zone and
keep them from extruding from beneath the electrodes.

In the present work, the scientific and technical issues of the creation of
technological bases for restoring the details of agricultural machinery are considered,
ensuring regulated reliability and saving material resources.

One of the ways to solve the national economic problem is the application of the
technological process of electric contact welding of materials. Analysis of existing
technological solutions aimed at strengthening the surfaces of parts, indicates the
unused reserves of this process:

— use of steel tapes or steel mesh made of corrosion steels as a material to restore
parts;

— wider use of metal powders as a filler material, improving the technology of
their welding on worn surfaces of parts.

In addition, when restoring parts with electric contact welding, the problem of
reducing the magnitude and nature of the friction can be solved, which will improve
the wear resistance of the mating parts.

Optimization of ECW technological regimes will help to solve the problem of
increasing labor productivity while saving raw materials and energy resources.

3. The aim and objectives of research

The aim of research is development of a technological process for the
restoration of machine parts by the method of electric contact welding of materials.

To achieve this aim, it is necessary to solve the following tasks:

1. To analyze the operating conditions of these parts for the restoration of
corrosion-resistant and wear-resistant materials by electric contact welding.

2. To investigate and determine the parameters of the mode of electric contact
welding of wear-resistant materials, which allow to control the quality of the formed
coating.

4. Research of existing solutions of the problem

One of the reasons for wearing parts of machines is friction. According to [3],
there are three types of wear: mechanical, with jamming and corrosion-mechanical.
For worn out parts of agricultural machines, the first type of wear is 42.8 %, the
second 22.5 % and the third 35.7 %.

One of the subtypes of mechanical wear is wear with the participation of
abrasive particles. Under the influence of an abrasive, various types of deformation of
the surface of the material of the parts are possible: plastic and elastic deformation,
the dyeing of the surface. The intensity of abrasive wear is affected by the nature of
the abrasive particles, the aggressiveness of the medium, the physical and mechanical
properties of the material of the parts, and other factors. Common to abrasive wear is



the mechanical nature of the surface fracture, characteristic of the working organs of
soil-cultivating machines.

The analysis of literature sources [4-6] demonstrates the importance of
developing effective technologies for restoring the initial dimensions of the mating
parts.

In the repair industry, there are some applications for surfacing and metallization
methods of restoring parts [7]. It should be noted that these technological processes
are characterized by considerable energy costs and have not received wide
distribution in the repair industry.

The economic, resource and environmental effectiveness of methods for
restoring worn parts depend on many factors, to which, first of all, the cost of
materials should be attributed [8, 9].

From the standpoint of the technical rationality of recovery methods, the most
preferable indicators are the normative overhaul resource, which should not be less
than the resource of the new product.

An analysis of these methods of restoring worn parts shows that it is advisable to
use the method of electric contact welding of materials for working organs operating
in an abrasive medium.

The use of various materials in the restoration of worn surfaces of parts will
improve the quality potential of this promising technological process.

Among the main ways to solve the problem, as a result of the analysis of
literature data, it is possible to distinguish:

— reduction of the friction character in the construction of a friction pair and the
creation of a bimetallic structure on the working surface [1-3];

— development of effective technological processes for the recovery of wear
parameters of machine parts that provide high resource-saving indicators [4-6].

Creation of technological bases for the restoration of wear parts of agricultural
machinery by electric contact welding of materials, ensuring optimal tribotechnical
properties and increased reliability.

In particular, the paper [1] is devoted to the development of technological
processes in the repair of machines and the restoration of aggregates and parts.

Some methods of strengthening parts and increasing their longevity are
presented in [2, 3].

The author [4] shows the influence of the geometry of the working organs of
tillage tools on the quality of soil cultivation.

In work [5] technologies of production of agricultural implements, which
provide increased productivity, are given.

Issues of strengthening the structure of the metal in the process of foundry
production are considered in [6].

Technological processes to improve the quality of the material during the rolling
of cylindrical parts are described in [7].

The solution to the problem in [8] involves the use of electrodes with cores. It
should be noted that the use of these electrodes significantly increases the cost of
restored parts.

The authors [9] show the technological process of restoring bronze cylindrical



parts using vibration oscillations of a working tool (punch).

The problems of restoration and strengthening of cutting elements of the
working organs of tillage machines are considered in [10].

Thus, the results of the analysis allow to conclude that existing technological
solutions, mainly aimed at hardening the surface, indicate that there are far unused
reserves of the method of restoring machine parts by electric contact welding.

5. Methods of research

Based on the carried out analysis to improve the durability, reliability and wear
resistance of machine parts, research directions have been determined. The structural
scheme and sequence of the studies are shown in Fig. 2.

The samples of steel 45 and 65G were used as the base metal of the part. Steel
samples were produced with a diameter of 25 mm from round bars. Welding of the
coating on the samples and their machining was carried out using a specially made
mandrel.

To implement the cutting of the coating, the side surfaces of the welded layer
were cut to a width of 4..5 mm. Measurements were made by a sliding caliper
ShTsTs-1I (Ukraine) with a digital readout device with an accuracy of 0.01 mm
(GOST 166-89).

To assess the mechanical properties of the base metal, the joint boundary and the
welded layer, hardness and microhardness were measured on the investigated
samples. The hardness was determined by the Vickers method on the TP-7-1device
(Ukraine) at a load of 50 N at points uniformly in one plane perpendicular to the axis
of the sample.

Microhardness was measured using PMT-3 microhardness tester (Ukraine) in
accordance with GOST 9450-76. The load on the diamond pyramid during the
measurement was 100 g (0.981 N).
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The study of wear resistance was carried out in accordance with GOST 23.224-
86 on a friction machine SMTs-2 (Ukraine).

The measurements were carried out with the indicator bracket SI-K (Ukraine)
with a reading accuracy of 0.001 mm.

To determine the wear value of the mating surfaces, analytical scales BJI-200M
(Ukraine) with an error of 0.0001 g was used

6. Research results

In abrasive wear, the surface of the material of the working element is destroyed
as a result of the action of solid particles. Abrasive wear is the main factor limiting
the resource of the working organs of tillage machines.

The performance of parts restored by electrocontact welding of a carbon steel
filler tape is mainly determined by the quality of the welded tape with the surface of
the restored part. With a low quality of the tape weldability with the base metal, low
bond strength is observed. As a result, high hardness, strength and wear resistance of
the coating can’t be realized.



It has been established that the quality of the tape adhesion to the base metal is
determined by the following factors:

— value and time of the welding current passing;

— material of the part and tape;

— state of the surface of the part and tape, as well as their size.

The main of these factors are the magnitude of the current and the time it passes,
which have a significant effect on the surface quality, which determines the amount
of necessary allowance for subsequent machining (grinding). Table 1 shows the
effect of the welding mode of a steel tape 0.5 mm thick on the size of the allowance
for machining a workpiece with a diameter of 25 mm and the pressure on the rollers
when processing 1.6...1.8 kKN.

Table 1
The effect of welding modes on the allowance size

. : Machining allowance, mm
okl | Durtonof e Sicl g o e
’ ’ Steel 65G Steel 45
7.0 0.9 0.18 0.20
8.0 0.9 0.30 0.32
10.0 0.9 0.32 0.34

The obtained data indicate that an increase in the current or time of its passage
can lead to a loss of up to 64 % of the applied tape during machining.

From analysis of the processes occurring during friction, it follows that the wear
rate of the friction surface depends on the physical and mechanical properties of
materials: hardness, strength, brittleness, adhesion strength to the surface of the part.

Studies have established that for electrocontact welding to ensure the optimal
guantitative composition of alloying elements in powder mixtures it is desirable to
use powders of ferroalloys and alloyed steels that increase the wear resistance of the
obtained coating.

The main parameters of the metal mesh, which is fixed on the surface of the
workpiece, are the nominal dimension of the cell side a (mm) and the live section S
(%), determined by the formula:

a2

(a+d)

S = -100 %.

2

The difference in the intensity of wear of mesh materials and powder, due to
their physical and mechanical properties, creates the prerequisites for the formation
of the surface relief. The resulting depressions on the working surface of the part
retain the lubricant, which contributes to the increase of the wear resistance of the
coating.

The use of a metal mesh in the electrocontact welding of powder materials
creates theoretical prerequisites for improving the processability and operational




properties of the coating. In this connection, there is a need for a theoretical
justification of the technological parameters of the process.
To determine the value of the powder feeding angle v, let’s consider the scheme

of forces acting on the powder particle (Fig. 3).
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Fig. 3. Scheme of forces acting on a particle of a metal powder

The following forces act on the particle of the powder: gravity G, normal surface
reaction N, frictional force F, centrifugal force P and force @ due to the action of the

magnetic field.
The condition for the equilibrium of these forces is the equality of the sums of
their projections onto the movable axes of the coordinates X and Y, which can be

written in the form of systems of equations:

G-siny—F—-®d-cosf =0,
N+P-G-cosy+d-sing=0. (1)

Considering that:
P=m-o* R, F=f-N;G=m-g,
obtain:

mg-siny—f-N—-d-cos =0,
N + mw’R —mg -cosy +®-sin 3 =0. (2)



Taking into account the friction coefficient and friction angle ¢, let’s find the
normal reaction N from equation (1):

mq -siny —® - cos
_mg Y (P. (3)

N
gp

Then it follows from equation (2):

mg'Slny_q).cosw+m.a)2R—mg-COS]/+CD‘Sinﬂ:Ol

(o]
mg -siny —mg - cos - tge +tge(m- w’R+d-sin 8) - d - cos =0,

mg (sin y - cosg — cosy -sing) +sing(m- w’R+d-sin #) - ®-cosg- cosp=0.
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From the obtained dependencies it follows:
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Since the angular rotation speed of the part is insignificant in the case of
electrocontact welding, it is possible to take:

2 -
0] Rs'n(/’:o,
g

then

y=¢+arcsin{2-cos(,8+(p)}. (4)
mg



From the scheme (Fig. 3) let’s determine:

BC
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cos cosf

Because BA-Sny =R -9Ny, SO:

(R+R,—h,+h)siny
cos

-siny =R-siny.

After conversion:

R
R+R, —h,+h)siny |

p=arctg| ctgy — ( (5)

Equation (5) connects the direction of the force @ with the angle of powder
supply and the geometric parameters of the technological process.
The thickness of the powder layer h, supplied by the rollers (Fig. 3) will be:

hy =h, +hy, (6)

where h_ — thickness of the metal mesh, mm;
h,. — thickness of a layer of powder dragged by forces of internal friction, mm.

7. SWOT analysis of research results

Strengths. Experimental and theoretical studies of the technological process of
restoring worn out parts of machines with electrocontact welding have made it
possible to determine the optimal welding modes for the filler mesh to the material of
the part being restored. The unequal intensity of wear of the metal mesh and the
material of the part contributes to the formation on the renewable surface of the
depressions that hold the lubricant, which contributes to an increase in the wear
resistance of the coating.

Table 2 shows the prices of lancet cultivator paws with a capture width of 330
mm of Ukrainian and foreign manufacturers.

Table 2



The cost of lancet cultivator paws with a capture width of 330 mm of Ukrainian
and foreign production

Manufacturer Price, c. u.
«Veles Agro» (Odesa) 3.4
«Spetslesmash» (Lubny, Poltava region) 3.3
John Deer (USA) 8.6
Lemken (Germany) 9.4

The cost of one cultivator paw restored by electrocontact welding is 2.3 . u, iIn
1.43...1.46 times less, the cost of new cultivator paws of Ukrainian production.

Weaknesses. It should be noted that the average installed power of electric
motors (kW) in the plant for the restoration of cultivator paws is 1.43 times higher.

Opportunities. The obtained mathematical dependences of the main parameters
of the technological process of electrocontact welding will be used in the
continuation of the study of the problem of improving the quality of machine parts,
both in production and restoration, in order to ensure their durability.

The economic effect from the introduction of the developed technology will be
observed due to an increase in the wear resistance of the restored machine parts.

Threats. When implementing the developed technology for restoring worn out
parts of machines in production, it will be necessary to purchase additional
equipment.

8. Conclusions

1. Analysis of the operational durability of two sets (64 pieces) of lancet paws,
new and restored by the method of electrocontact welding, is performed. This method
provides a reduction in the wear rate of the paw blade by 1.65 times compared to the
new paws.

2. Optimum modes of welding of a metal mesh on a worn out surface of a part
are received: the value of a welding current 7A, duration of passage of a welding
current 0.9 s. The established modes allow to receive coatings up to 1.5 mm thick and
to increase the wear resistance of the restored parts by 1.45-2.1 times.

References

1. Dudnikov, A. A. Proektuvannia tekhnolohichnykh protsesiv servisnykh
pidpryiemstv [Text]/  A. A. Dudnikov, P. V. Pisarenko, O. 1. Bilovod,
I. A. Dudnikov, O. P. Kivshik. — Vinnytsia: Naukova dumka, 2011. — 400 p.

2. Lialiakin, V. P. Vosstanovlenie i uprochnenie detalei mashin v
agropromyshlennom komplekse Rossii i Belorussii [Text]/ V. P. Lialiakin,
V. P. Ivanov // Remont. VVosstanovlenie. Modernizatsiia. — 2004. — No. 2. — P. 2—-7.

3. Tkachev, V. N. Iznos i povyshenie dolgovechnosti detalei
sel'skohoziaistvennyh mashin [Text] / V. N. Tkachev. — Moscow: Mashinostroenie,
1981. — 264 p.

4. Gill, W. R. Soil-disk geometry in harrow design [Text] / W.R. Gill /
Journal of Terramechanics. — 1985. — Vol. 22, No. 3. — P. 178. do0i:10.1016/0022-
4898(85)90097-7



https://doi.org/10.1016/0022-4898(85)90097-7
https://doi.org/10.1016/0022-4898(85)90097-7

5. Research, technology and production of agricultural implements [Text]:
Catalogua of firm «Kvernelands Fabrik A/S». — Oslo, 1972. — 61 p.

6. Sachs, G. Der Nachweis Innerer Spannungen in Stangen und Rohren [Text] /
G. Sachs // Zeitschrift fiir Metallkde. — 1927. — Vol. 19. — P. 352-357.

7. Beseler, K. Modern ring rolling practice [Text]/ K. Beseler// Metal
Forming. — 1969. — Vol. 36. — P. 44-50.

8. Kotelchuk, A. S. Influence of thermophysical properties of cores of self-
shielding flux-cored wires on welding and technological properties [Text]/
A. S. Kotelchuk // The Paton Welding Journal. — 2016. — Vol. 2016, No. 1. — P. 30—
34. doi:10.15407/tpwj2016.01.04

9. Kelemesh, A. Research of wear resistance of bronze bushings during plastic
vibration deformation [Text]/ A. Kelemesh, O. Gorbenko, A. Dudnikov,
|. Dudnikov // Eastern-European Journal of Enterprise Technologies. — 2017. —
Vol. 2, No. 11 (86). — P. 16-21. d0i:10.15587/1729-4061.2017.97534

10. Dudnikov, A. Dynamics of wear of the cutting elements of tillers [Text] /
A. Dudnikov, A. Belovod, A.Pasyuta, A.Gorbenko, A.Kelemesh// Annals of
Warsaw University of Life Sciences — SGGW. Agriculture (Agriculture and Forest
Engeneering). — 2015. — No. 65. — P. 15-19.

References

1. Dudnikov, A. A., Pisarenko, P. V., Bilovod, O. I, Dudnikov, I. A.,
Kivshik, O. P. (2011). Proektuvannia tekhnolohichnykh protsesiv servisnykh
pidpryiemstv. Vinnytsia: Naukova dumka, 400.

2. Lialiakin, V. P., lvanov, V. P. (2004). Vosstanovlenie i uprochnenie detalei
mashin v agropromyshlennom komplekse Rossii i Belorussii. Remont.
Vosstanovlenie. Modernizatsiia, 2, 2—7.

3. Tkachev, V. N. (1981). Iznos i povyshenie dolgovechnosti detalei
sel'skohoziaistvennyh mashin. Moscow: Mashinostroenie, 264.

4. Gill, W. R. (1985). Soil-disk geometry in harrow design. Journal of
Terramechanics, 22 (3), 178. doi:10.1016/0022-4898(85)90097-7

5. Research, technology and production of agricultural implements. (1972).
Catalogua of firm «Kvernelands Fabrik A/S». Oslo, 61.

6. Sachs, G. (1927). Der Nachweis Innerer Spannungen in Stangen und
Rohren. Zeitschrift fiir Metallkde, 19, 352—357.

7. Beseler, K. (1969). Modern ring rolling practice. Metal Forming, 36, 44-50.

8. Kaotelchuk, A. S. (2016). Influence of thermophysical properties of cores of
self-shielding flux-cored wires on welding and technological properties. The Paton
Welding Journal, 2016 (1), 30-34. doi:10.15407/tpwj2016.01.04

9. Kelemesh, A., Gorbenko, O., Dudnikov, A., Dudnikov, I. (2017). Research
of wear resistance of bronze bushings during plastic vibration deformation. Eastern-
European Journal of Enterprise Technologies, 2(11 (86)), 16-21. doi:10.15587/1729-
4061.2017.97534

10. Dudnikov, A., Belovod, A., Pasyuta, A.,, Gorbenko, A., Kelemesh, A.
(2015). Dynamics of wear of the cutting elements of tillers. Annals of Warsaw



https://doi.org/10.15407/tpwj2016.01.04
https://doi.org/10.15587/1729-4061.2017.97534
https://doi.org/10.1016/0022-4898(85)90097-7
https://doi.org/10.15407/tpwj2016.01.04
https://doi.org/10.15587/1729-4061.2017.97534
https://doi.org/10.15587/1729-4061.2017.97534

University of Life Sciences — SGGW. Agriculture (Agriculture and Forest
Engeneering), 65, 15-19.

The object of research is the process of restoring lancet cultivator paws by
electrocontact welding of their working parts, the process connection with
technological processing parameters and the physical and mechanical properties of
their material.

One of the most problematic places in the method of electrocontact welding
when restoring the working organs of tillage machines is the lack of optimal
operating parameters of this technological process of strengthening the cutting
elements of working organs working in the soil-aggressive environment.

Optimal parameters of electrocontact welding method of the metal mesh to the
worn-out surface of the part make it possible to increase the strength of the material
of the recovered parts, improve its physical and mechanical properties and increase
their service life, and to reduce the magnitude and irregularity of wear.

Theoretical studies of the main parameters of the technological process are
carried out using the equations of mechanics of deformed bodies with their own
physical and mechanical properties.

In the course of the study, a steel mesh made of high-strength steel is used, and
metal powders are used as a filler material, which strengthened the material of the
component and increased its life.

Increased wear resistance of the restored parts is obtained. This is due to the
fact that with this technological process, the formation of the surface relief takes
place with the formation of depressions on it, which retain the lubricant, which
ensures a higher coating resistance.

Due to this, it is possible to obtain a coating of parts with a thickness of up to
1.5 mm, an increase in their durability of 1.45-2.1 times and a decrease in wear
intensity of 1.65 times compared to new cultivator paws.

Keywords: electrocontact welding, technological process, abrasive wear,
adhesion strength, coating properties.



