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SUMMARY

Ahieieva M.V. Scientific and technolaml fundamentals of electric arc
surfacing and welding with the control magnetic fields actioQualifying scie-
tific work on the rights of the manuscript.

Dissertation for the degree of Doctor of Technical Sciences, specialty
05.03.061 "Welding and Rlated Processes and Technologies" (L3®aterial
Science")- State Enterprise "Priazovsky State Technical University", Ministry of
Education and Science of Ukraine, Mariu@021

The dissertation is devoted to solving the actual problem of incretsng
submerged arc surfacing and welding process efficiency by consumable electrode
with the control magnetic fields action, which allowed to increase the productivity
of the electrode wire melting process, the efficiency of controlling the depth and
width of welds and surfaced beads, grind the structural components of the beads
and welds, reduce the energy intensity of the electric arc surfacing and welding
process.

The introduction substantiates theelevanceof the problem solved in the
dissertation, itscientific and industrial significancgpals and tasks are formtila
ed that can never be solved in the process of doing;wlnekobject, subject and
methods of researdre describedhe scientific and practical results, data on the
introduction into prduction are given.

In the first chapter the methods of controlling the shaped size of the
beads and welds arc surfacing and welding with@nsumableslectrodewere
analyzed an overview of the interaction of external control magnetic fields with
the welding arc, a drop on thedectrode end and liquid metal welding baths
conductedlt is noted that thenagnetic fields actioat arc surfacingandwelding
leads to an increase of the electrode wire meltmgfficient It is shown that the
shape, thesize of theweld in the section and the quality of tiaelds formation
are determined by the nature of thiquid metal movement in the welding bath
under the action of control magnetic field&lculation methods for determining

the magnitude of the magtic field induction component (longitudinal magnitude
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of induction for the longitudinal magnetic fie[dMF) and transverses for the
transverse magnetic fie[dMF)). It is shown that no calculation metlsidr de-
termining the optimum parameters of maga fields and optimal sizesf input
device (ID) TMFfor practical use in arc surfacing and welding.

The influence othe mixing of liquid metal in a welding batn the grird-
ing of weld pead)metal structures during crystallizationstatedat arc wetling
and surfacing with the action of magnetic fielsa result of the analysi$he
mechanisms of grinding of structural components are considg¢rad surfacing
and welding with the magnetic fields actiohhe analysis of the previoug-r
searches showd that it was nostaked at what stage is the grinding of the weld
metal structure caused by magnetic fieddsion during theprimary crystalliza-
tion or during the secondary transformatiolhss noted that there are no data on
the optimal parameterd alternating magnetic fields for effective melt mixing in
the bath.

The secondchapter is devoted tdhe development of calculation methods
for determining the induction of controMF andTMF in the area of the drop and
the welding bath for electric asurfacing and welding.

It is stakd that the ferromagnetic properties of the electrode wire have the
main influence on the value and nature of the distribution of the longitudinal field
induction component in the surface of the ferromagnetic praatwt surfacing
and weldingoy calculaton of LMF induction using the method of vector magne
ic potential in the stationary flaheridian magnetic fields and taking into account
the magnetic properties of the core, wire and produicialculationexperimental
methodfor determining the numerical values the LMF induction components
under the end of a ferromagnetic electrode, if a product chmegnetic or few-
magnetic material, has been develofmdoractical use.

A calculationexperimental method was déeped that allowed to dete
mine the numerical values of TMF induction components in the area under the of
the rods endsf the ID TMFto achieve the maximum values of the transvearse i

duction component at the minimum values of the longitudinal inductiompao
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nent in the welding bath arda order to simplify the use of threethod calcub-
tions of the numerical values of tA8MF induction the components in tiead
part of the bath during submerged arc surfacing and welding were performed.
Based on the pcessing of experimental data, the calculated expressiongfor d
termining the induction generated iy TMF in the area of the welding bath,
which provide a satisfactory convergence of the calculated data with the-exper
mental ones.

The third chapter is devoted to improving the meltingrpductivity of
electrode metadit electric arcsurfacingand welding with magnetic fieldsction
A calculationmethodfor determining the radial component ld¥IF induction in
an electrode droplet area under the ferromagredéictrode end is developed
the basis of the analogy of the magnetostatic field with the electrostatic field, if
the product is nomagnetic to evaluate the behavior of the electrode droplet at
the electrode end and the welding arc at thesarfiacingwith the action of LMFE
The calculationshow that in the area under tfegromagnetic electrode erbde
induction transverse component is significant and reaches half the magnitude of
the inductionlongitudinal componengenerated by th LMF. This corclusion
IS supported by experimental data

The method of calculation and experimental determination of the magnetic
permeability of welding materials has been improved he magnetic permedbi
ity values of the welding materials are obtained

The TMF action on the melting coefficient of electrode wiresatomerged
arc surfacing was carried outhe results of studies have shown that increasing
the TMF induction in the areander theslectrode end increases the meltoogf-
ficient of the wires.The relativeincreaseof the wires meltingoefficientis max-
imum when surfacing with the constai¥iF action.At the alternatingTMF ac-
tion with a frequency of about 130 Hz, the effect of increasinthe wires
melting coefficient is reduced to zero.

Determinationof the reasonsf the increase of the electrode wires melting

coefficientat arc surfacing and welding with thaternatingTMF action was ca
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ried out using the developed calculation methBdsed on this technique, it is
possible to detrmine the minimunvalue of the TMHAnduction transverse oo
ponentremovinga drop from the end of the melting electrode wire at a given fr
guency of this fieldlt is statel that the increasing effect tifewire melting co&
ficient atarcsurfacing and welding with the alhating TMFaction is a sufficient
level of induction in théfMF pulse and thd@ MF pulse duration (and, accordin
ly, the frequencynagnitude

In the fourth chapter the actionof LMF andTMF on the penetration eff
ciency of the base metat submergedrcsurfacing and weldingith wire is con-
sidered

Dependences of the penetration depth and the width diethéon the fe-
guency ofLMF andTMF at submergedrc surfacing werstated.

The fifth chapteris devoted to thenfluenceof LMF andTMF on the mée
al structure of thdeadand theweld atarcsurfacingand welding.

The chaptercontains data on the modern understanding of the mechanism
of crystallization of the weld metak arcsurfacing (velding).

On the basis of widely known modern data in the fouahy metallurgical
industry about the cluster mechanism of crystallization of ingots, it is suggested
that the same mechanism occurs in the crystallizatiometds in the process of
arc surfacing and welding with the action of control magnetic fidlds.assunp-
tion is made thatwith the action of control alternating magnetic fields therove
heated liquid metal from thieeadof the bath having smaller clusters periodically
reaches the crystallization fromt its tail part and provides grindingf the weld
metal structure during crystallization.

Researches have been conducted to establish the mechanism airysetal
tallization atarc surfacing with the action of control magnetic fields in order to
solve the question at what stage of crystallization of tbl wnetalat welding
with the action of magnetic fields is the grinding of theld structure.lt is used
model alloy based on iron, which did not undergo polymorphic transformations

during crystallizationat arc surfacing.The surfacing isconductedwithout the
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LMF action and with the alternatingiF actionwith thefrequencyof 6; 12; 24;

33 Hz.It is concluded that the grinding die structure (dendrites) at submerged
arc surfacing is caused by the movement afitignetal in the bath under the
magneticfield action and the effect on the primary crystallization, and not on the
stage of polymorphic transformations of the metal in the solid state.

A calculationmethodfor determining the optimal parameters of theralte
natingLMF is proposedor efficient mxing of the melt in the batht arc surfa-
ing with theLMF action It is assumeah thismethodthat 90% of the total surta
ing current flows through thieeadof the bath (before the ardhe dimensions of
the deepening (crater) under the arc in liquietahare determinedith the help
of refractory insertsThe calculations determine the values of the velocity and a
celerationwhich the liquid metal reaches under tladternatingLMF action, as
well as the optimal values of the induction and frequenap®EMF, which en-
sure the effective mixing of the melt in the bath along its entire leagtb-
mergedelectricarcsurfacing

The flow velocity was calculated by using the Euler motion equation for
laminar flowfor effective mixing of the melt in thieath at arc surfacing with the
alternatingTMF action. The calculations take into account the electromagnetic
force from the interaction of the vertical component of the current density in the
liquid metal of the bath under the electrode with a transvensgaoent of the
TMF induction The TMF frequency at a given level @GiMF induction is dete
mined, which ensure complete mixing of the melt in the lbatflectric arcsu-
facing and welding.

Conducted experiments confirmed that the use of alternaMfg in sub-
mergedarc surfacingoy wire favorably affects theveld metal structurdt is also
staked that theaction of the alternating provides grinding of the grains of weld
metal almost 2 timeat submergedvelding of butt joints of plates of steel type
12X18H10T.

The sixth chapter is presened information on the testing and implemant

tion of research into production.
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For arc surfacingvith the TMF action, ID TMHResign is improved, which
allows to increase thproductivity of the arcsurfacingprocess and thservice
characteristics of theurfaced beadlhe dimensions of the sides k¥ TMF rod
are calculated taking into account the mode of electric arc welding and the
thermophysical properties of the metal of the welding plates.

Comparative analysis of thdfieiency of the action of control LMF and
TMF in submergedrc surfacing or welding allowed to create a rational choice of
control (external) magnetic fields by technologists in the field of welding produ
tion, taking into account the capabilities of eatlthese magnetic fields andkta
ing into account the properties of weldiagd basic materials

The efficiency of the developed technology of submerged arc surfacing and
welding by wire with the control magnetic fields actioihmetallurgical and -
chani@l engineering productsas been implemented aAtL CKrafinatorsk Fe
roalloy Plandb a n d Marilar@o. Tine overall economic impact is728,8thou-
sand UAH

Keywords: arc surfacing and welding, longitudinal magnetic field,stran
verse magnetic field, wire @lting coefficient, basic metal penetration, mixing,

crystallization.
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