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ABSTRACT

Iryna ZakharovaTheoretical and technological basics of resource and ene
gy saving at arc spraying with the use of pulsating spgagir flowsT qualifying
saentific paper as a manuscript.

Dissertation for a technical sciences doctor's scientific degree on a speciality
05.03.06- Welding and related processes and technologi@¥NZ "Priazov State
Technical University", MES of Ulaine, Mariupol 2021.

The paper is devoted to the solution of a scientdahnical problem of
guality restoration and lifextension of the machines’ and constructions™ details,
which work in the conditions of abrasive, sheakasive, gagabrasive and ber
types of wear, by the development of a resource and esaxgyg method of arc
metallization due to the use of a pulsating sprayirtpai.

Among the variety of coating methods, the process of arc metallization is the
most efficient due to the simplty of technological equipment, the possibility of
portable usage, relatively low cost with high technological performance.

However, arc metallization disadvantages have been specthednegative
impact of spray air oxygen on the quality of coatings.

Theoretical research in the paper is carried out using systems analysis an
mathematical logic, which serve as a basis for practical developments enhancin
the airflow structure. It has significantly influenced the solution to the issue of high
propertiesof the sprayed coating, which previously been held back by the need to
use special wires with a high content of alloying elements that burn out at intensive
chemical interaction with the air jet.

The absence of scientifically proven ceéfiective technolgy to reduce the
impact of spraying jet oxygen on the liquid metal at the ends of the molten ele
trodes leads to the need of research and developing methods to achieve reduc

burnout of alloying elements, improve the properties of the coating at arc



metalzation, including pulsating airflow method. There were no previous studies
conducted in this direction.

The first chapter provides an analytical review of the issue's status, and the
choice of research direction is substantiated. The advantages of aftzatein
among related processes are described. It is proved that this is one of the mo
promising and effective technological processes for restoration and improvemen
of wear resistance of parts in various industries. The pr@lie aspects on which
several researchers are working are highlighted.

The analysis of existing arc spraying data shows that the main disadvantag
of the method is the particles' oxidation process during their transportation to the
sprayed surface, which has a determining erilte on coating quality and pearo
mance.

Literature sources and production tests in which peculiarities edigdsw
formation, including different nozzle designs, combinations of mixtures, use of
neutral gases by modern approaches are investigated, thlad oxidation and
burnout of alloying material are influenced by several factors, among which the
structure of spraying flow is the most significant. Based on this, tight spots-and a
eas for further research and improvement were identified.

Current deelopments to reduce the influence of atomizing air oxygen, based
on the hypotheses about the emergence of specific air flows when flowing around
solid body with a steady and pulsating flow are reviewed. Their principle can be
applied to the spraying flom various coating application methods and is especia
ly relevant for arc metallization, where the transporting airflow is one of the key
factors in the quality of the applied coating.

Modern software products, based on the solutions of N&imkes ega-
tions and consider several important aerodynamic characteristics, allow modelling
processes of flowing around a solid body by an airflow, with an aeroplane wing as
an example in ANSYS CFX depending on speed and temperature. This experienc
Is used to visuese the airflow to study the airflow structure when electrodes are

introduced.



It is shown that crosBow of bodies by a pulsating stream is among the least
studied phenomena and therefore, the most interesting and promising to model ar
apply in the faure.

The analysis of theoretical and practical data of modern spraying teehnol
gies has shown insufficient study of the influence of spraying airflow andrin pa
ticular the mass of oxygen in contact with liquid metal on the burnout of alloying
elements irthe sprayed material. This makes it impossible to obtain stable quality
indicators of the applied coating, including adhesion strength, and, as a result, doe
not allow choosing the optimal set of spraying system. All this is the basigfor d
termining themain directions of research to improve energy and res@andeg,
reduce the oxidizing effects of transporting air on the quality of the sprayed layer:

- substantiation of the need to control the airflow in order to reducenthe i
fluence on the oxidation @lloying elements;

- refinement of the scheme of arc metallization, considering the influence of
solid electrodes on the gas flow and the formation of a turbulent zone behind the
electrodes;

- research of force action scheme on liquid electrode metal in dserpe
and the absence of gas flow influence;

- development of methods for determining the effect of spraying fldw pu
sation frequency on airflow rate;

- development of a method for determining the change in the masy-of ox
gen interacting with the liquid metat different pulse frequencies.

- to assess the effect of pulsating spraying flow during arc metallization on
the change in productivity and efficiency of sprayed material use.

- propose a practical solution aimed at improving the performancerprope
ties of catings.

The secondsection investigates the gas mixture's state between tbe ele
trode ends sprayed at different gaps.

If there are obstacles in the way of the gas flow, there are changesan its n

ture, which depend on the shape of the obstacle, flow deasics and other &



tors; also the flow's state behind the obstacle depends on the Reynolds numbe
which is shown on represented shadow photographies.

Researches were carried out on powerful electrometallization installations
(electroarc Metallizer EML7), at the profile ebartment and two industrial plants.

An air stream carried out spraying of the material. The working pressuremsef co
pressed air is 0;6,6 MPa; the consumption is-A®%0 m3 / hour. Heads with §-c
lindrical nozzle were used to form tlag spraying flow. The gas spectrogram of
the gas jet flowing from a cylindrical nozzle and washing electrodes at arcimetall
zation is presented.

Practical research confirms the hypothesis: behind the obstacle in the form
of electrodes, there was a presewnt a pressure drop that reaches significaht va
ues, the data is obtained by direct measurement of pressure with curved medic:
needles.

The research of dependence of character of pulsating spraying stream wa
carried out using shadow photographing oftr@asn in a zone of electrode ends
which has shown, that presence of electrodes influences the distribution of tota
pressure in interelectrode space and on length of a spraying stream.

To determine the gas jet's influence on the formation of the arc dyscha
and the electrode particles that are sprayed the interelectrode zone and arc we
photographed from two directions: from the side and from above the electrodes
The experimental data obtained made it possible to specify a complex force distr
bution scleme in the process of arc metallization. The pressure drop of the ele
trode ends to the atmospheric level was confirmed.

The presented research was a precondition for developing additional co
structive elements (pulsating spray system for metallizer)h@rfarmation of an
air jet at arc metallization.

The third section proposes measures to reduce the impact of transport air
on the quality of the sprayed layer, namely, the method of arc metallization using &

pulsating spraying air stream. Researches warged out on a complex of the



equipment with the device providing a pulsating mode of exhausting a spraying
airflow.

Structurally the pulsating device (pulsator) is a cylindrical casing with inlet
and outlet nozzles for compressed air, inside which d wslithf a hole and rotation
feature is installed. The pulsator allows receiving pulsating mode of a spray jet
within 006120 Hz. T-Beetions ef ¢he pulsatodvalvefpairae n
lows changing the impulse progression's nature.

In the paper, anathematical simulation of the pulsator valve and nozzle
overlaps of various shapes was carried out using the Mathcad program.

The following are given: oscillograms of changes in the dynamic flow rate
for a round and rectangular cressction of the pulsat shaft hole; spectrograms
of changes in air flows depending on the frequency of the impulses. All depende
cies are received and presented on the experimental pulsator, further implemente
in industrial production.

To implement the method of arc metaltioa with pulsating spraying flow,
considering the theoretical conclusions and the obtained practical prelim@gary r
sults, the pulsator's design for industrial use is proposed.

The fourth sectionprovides a quantitative assessment of the reduction in air
consumption rate and the amount of oxygen in the spraying jet during interaction
with the electrodes, specifically a graphic representation of the dependence of th
influence of impulse frequency on the volume of air passing through the nozzle for
the valus of the overlap fraction of about 80%, during 60 seconds. It shows that
the volume of spraying air significantly decreases depending on the increase i
pulsation frequency, and the degree of overlap of the pulsator.

The volume of oxygen in the sprayingestm at one turn of the pulsator
valve is determined considering the equations given for the air flow rate of 2 m3
per min.

The consumption has been determined for the case of pulsating air supply

washing the electrodes when the nozzle channel is closekebpulsator valve,



which depends on the ratio of the area of washing at the overlap and the area of tt
flow crosssection without overlap.

The results of calculations of oxygen mass change in the stream at electrode
spraying are drawn in the form ofgphical dependence and generalized in the
form of a nomogram, which allows determining the optimal channel overlap and
the frequency of pulsation.

The fifth section conducts the study of factors influencing coating particles'
shape and dispersibility atcaspraying with a pulsating spraying flow.

The calculated schemes of forces acting on the liquid metal of electrodes a
arc spraying are presented: for cases of the maximum effect of a spraying stream ¢
air at pulsating supply and the absence of theiemite of the spraying flow (full
termnation of air supply).

The surface tension force's value at the melting of the sprayed electrode i
determined.

The calculated electromagnetic scheme formed by steel electrodes and a
electric arc, which affects theegltrode melting process and particles' formation at
arc metallization, is proposed.

The calculation scheme for the mass of liquid metgl which separates
from the solid electrode’s end is presented.

The equation for determining the radius of curvaturéquiid metal R, de-
pending on the electrode feed rate, electradendter and the angle between them,
and the case of maximum accumulation of liquid metal at the end of the electrode
is derived.

Based on the calculations' results, graphical dependencigunf metal
mass at the electrode ends (anode and cathode) on the parameters of tha-metalli
tion mode in the range of the studied values were built and generalized in the
nomogram.

The ratio of the maximum aerodynamic force to the surface tension force,
which causes the separation of liquid metal from the ends of the electrodes at

pulsating spraying flow is determined.



This is confirmed by the results of industrial testing of a coating by different
materials (zinc, zinaluminium) with a different fregency of air pulsation under
industrial conditions, presented in the form of photographs of samples.

The sixth sectiondescribes the influence of pulsating spraying airflow on
technological parameters of the spraying, such as process productivity,ithe eff
ciency of usage of electrodes sprayed at the formation of coatings, the adhesio
strength of the coating with the base.

Formulas and graphical dependencies for determining material efficiency
and process performance on pulsation frequency are presented.

It is determined that applying a pulsating spraying stream at arc spraying i

creases productivitilh & 25 % and ef ficiency @58 us ¢

40% at a frequency of pulsation 65 Hz due to decrease in the oxidative influence o
a spraying stream and rational use of energy of an arc.

It has been clarified that the resitlisiresses in the sprayed ghsrmal
coating are unevenly distributed along the thickness and have the maximum valu
in the transition zone. With a layby-layer increase of coating thickness, the
stress value grows not proportionally, slowing down thewth, but the total
shrinkage force in the layer and, accordingly, the stress level in the transition zone
grows continuously.

Application of pulsating spraying flow affects residual stresses, andethe d
flection of sprayed samples decreases. The gresgdattion occurs at optimal
values of spraying flow pulsation 65
sprayed matial and, accordingly, the amount of oxides in the coating is reduced.

The seventh sectionpresents the pulsator's basic design schemtheo
pulsator for industrial application, the appearance of a complex unit providing a
pulsating spraying airflow at arc metallization.

The results of using the proposed equipment at the enterp@G#ESC PSK
EuroStroyProject (Mariupol), OJSC Zaporizhwetryv (Zaporizhzhia) in cooper
tion with OSSO mMS Merte ipneserdes.tDuring the use period,



there was a significant reduction in the applied materials consumption, an increas
in productivity (circa 26%), an increase in the adhesion gtineof the coating with
the base (circa 22%). The economic effect of implementing the results okthe di
sertation work amounted to 2193 thousand UAH.

Keywords: pulsating flow, coating quality, arc spraying, pulsation fregue

cy, regeneration, oxides.
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