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GENERAL CHARACTERISTIC OF THE DISSERTATION

Topicality of the problem

One of the most modern tools’ and machine parts’ production and
restoration field is hard-facing of constructional steel parts by an alloy layer
providing their surfaces with required properties.

There are various types of surface strengthening and various welding
materials for hard-facing the surfaces. To increase the strength to wear of parts
operating in the abrasive and impact-abrasive environment under real working
conditions, the optimal structural-phase composition of the hard-faced metal
which is also determined by the chemical composition of the deposited metal is
a requisite.

Welding electrodes are being produced in Lithuania, multi-purpose hard-
facing electrodes being among them. All over the world a lot of welding
materials manufacturers produces the analogous production, but their products
are expensive. A challenge to the competition in the electrodes market is to
expand the production range, to offer new products whose quality and price
could satisfy customer’s demands.

The dissertation analyzes the regularities of alloying elements transition in
developed electrodes from electrode coating to deposited metal and the
influence of alloying elements on the properties of coated layers. Two principal
tasks are solved: development of coated electrodes coatings and investigation of
hard-faced surfaces. The first task is formulated with respect to the
investigation of alloying elements transition regularities from an electrode to
deposited metal. The second task concerns the investigation of abrasive wear of
the hard-faced alloy structure.

Research object

The objects of this dissertation are:
e developed experimental electrodes for hard-facing;
e surfaces produced with these electrodes.

Aim of the work

To develop proper coated electrodes for hard-facing the surfaces of parts
working under abrasive and abrasive-impact conditions by applying raw
materials found in Lithuania. For this purpose the alloying dependences of
deposited metal when hard-facing iron alloys by coated electrodes are to be
investigated.



Taking into account the effect of alloying elements on mechanical
properties of an alloy, the most suitable composition of electrode components is
to be determined. As in addition to alloying of the melted metal, the developed
electrode coating has to form a protecting slag layer to ensure the steady
excitation of a welding arc and good weld pool protection against the
environment influence, the irreproachable welding reinforcement formation and
proper slag separation after the joint cooling.

Tasks of the work

1.

To analyze the principles of development of electrode hard-facing
materials.

2. To offer electrode coating formation methods.

3. To develop and produce experimental electrodes for hard-facing.

4. To determine the regularities of alloying elements transition from an
electrode to deposited metal.

5. To determine the effect of basic alloying elements on abrasive wear.

6. To examine the structures of hard-faced surfaces.

7. To analyze the possibilities of applying hard-facing electrodes.

Scientific novelty

When doing this research, new results have been obtained in mechanical
engineering science, namely:

new methods have been suggested for making hard-facing electrodes;
regularities of transition of alloying chemical elements from the
electrode coating to the deposited metal and slag have been examined
having a new suggested composition of coating components;

influence of the change in the alloying elements concentration on
abrasive wear of hard-faced layers has been investigated;

newly developed hard-facing electrodes have been experimentally
investigated.

Methodology of research

Analytical and experimental investigation methods have been applied
when carrying on this research.

For newly developed coating structures the chemical composition of a
deposited metal has been analytically determined which should be obtained
after hard-facing the metal surface by experimental electrodes.



Hard-facing electrodes have been produced specially for planned
experiments and for their investigation the methods of optical emission
spectrometry, abrasive wear tests (according to ASTM G65), X-ray diffractions
scanning electronic microscopy and optical microscopy have been applied

Practical value

The quantity and ratio of alloying components in the electrode coating has
been experimentally determined at which the layers hard-faced by these
electrodes acquire the highest to abrasive wear properties and good quality
without fractures, pores, slag inclusions of deposited metal.

The research results and the methods suggested for making hard-facing
electrodes have enabled development of electrodes of various coating
composition suitable for hard-facing the surfaces with an alloy possessing
desirable chemical and mechanical properties.

Defended propositions

1. Evaluation of dependences of alloying elements (carbon, silicon,
manganese, chromium, molybdenum, titanium, boron) transition from
an electrode to a deposited metal in the manual arc welding with
coated electrodes.

2. Influence of alloying elements on the strength to wear of hard-faced
layers.

3. Dependences of transition of alloying chemical elements from the
electrode coating to a deposited metal on the ratio of their quantity in
coating.

4. Interdependences of the structures of the layers hard-faced by
developed electrodes and their wear.

The scope of the scientific work

The scientific work consists of the general characteristic of the
dissertation, 3 chapters, conclusions, list of literature, list of publications and
addenda. The total scope of the dissertation — 100 pages, 36 pictures, 24 tables
and 3 addenda.

STRUCTURE OF THE WORK
In the general characteristic of the dissertation relevance of the problem

is considered, the research objective and tasks are stated, novelty is described
and the author*s reports, publications and set-up of the thesis are presented.



The first chapter is a survey of literature. It reviews the papers dealing
with the methods of steel surface strengthening by arc-welding, the manual arc-
welding by facing coated electrodes, the structure and properties of a welded
layer, the experimental methods of wear investigation, the principles of
development of electrode welding materials. At the end of the chapter
conclusions are drawn and the thesis tasks are concretized.

The second chapter is a methodical section presenting the research
methodology. The essence of experiments, their application, the layouts of
instruments and their mode of operation, the experiments and the methods of
their treatment are presented there.

For chemical analysis the specimens of pure deposited metal were obtained
by depositing 5 layers of electrode metal on a metallic plate. Before welding of
a new layer, the plate was slowly cooled in air up to the ambient temperature.
Specimens surfaces were polished to R, =5 um. Experiments were made by a
BELEC-compact-lab-N spectrometer.

The wear resistance experiments have been made according to Standard
ASTM G65. The schematic diagram is given in Fig. 1. The operating conditions
have been: load 130 N, experiment time 20 min, wear path 2890 m, abrasive —
0.2-0.425 mm fraction quartz sand. Wear resistance standard (unit) is boron
hardened microalloyed steel 38MnB5 (C 0.39%, Si0.17%, Mn 1.26%,
Cr0.19%, B 0.002%), 52 HRC. The wear intensity change is expressed by

relative wear resistance coefficient ¢ calculated as a ratio of steel 7., .. and

alloyed layer 7., ..., wear:

& = Ligyups /L coumme -
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Fig. 1. Schematic diagram of the mechanism abrasive wear estimation
(according to ASTM G65): 1 — rubber coated wheel; 2 — abrasive supply channel;
3 — specimen; 4 — load; 5 — quartz sand



The third chapter, the experimental part presents the process of
experiments, the obtained results and discussion on them. The methodology
developed for producing electrode coatings is described. Chemical
compositions of the alloy obtained by hard-facing with experimental electrodes
are analytically calculated and experimentally determined, the dependences of
the transition of alloying chemical elements from an electrode to a deposited
metal are analyzed. The results of X-rays diffraction (XRD), optical and
scanning electronic microscopy (SEM) are presented. The results of an abrasive
wear test according to the ASTM G65 method are presented and analyzed. The
influence of alloying elements on the wear of hard layers is discussed.

Electrodes of 4 mm diameter were produced for research investigations.
Applying the previously investigated patterns of elements transfer from an
electrode to deposited metal, appropriate compositions of electrode coatings
were made so, that chromium content in coated layers would vary (changing the
carbon ferrochromium content in coating), while there the content of other
alloying elements (carbon ~3%, silicon ~2%, manganese ~1.1%,
titanium ~0.5%, boron ~0.6%) remained in a settled level. Change of the
chromium contents of in an electrode is reached at change of electrode coating
thickness. At research of transfer of carbon patterns, the compositions of
electrode coatings were made so, that carbon content in coated layers would
vary from 0.1% up to 4% (content of chromium is approximately 20%).

The results of chemical compositions of metal deposited by experimental
electrodes are presented in Table 1.

Table 1. Chemical compositions of metal deposited by experimental electrodes

Alloying elements, %
Electrode code C S Mo Cr T B
671 2.53 2.04 0.85 41.4 0.29 0.70
672 2.64 3.05 1.21 25.95 0.80 0.77
673 2.88 2.47 1.19 23.05 0.79 0.77
674 2.80 2.58 1.18 20.1 0.93 0.76
675 2.13 2.23 1.15 12.3 0.73 0.60
676 1.70 2.16 1.03 6.63 0.73 0.65
677 1.54 1.69 1.00 2.07 0.40 0.54

When chromium content in alloy is up to 20%, assimilation of other
chemical elements to deposited metal increases. If chromium content varies
from 20% up to 40%, carbon content practically does not change — an alloy
assimilates carbon maximally. If chromium content is reduced, the content of
the element, which forms carbides with carbon, decreases. Therefore carbon
does not transfer into alloy, but burns away and turns into slag. The influence of



chromium content in alloy to the assimilation of carbon is graphically presented
into the Fig. 2.

X-ray diffractions curves of 676 and 676-C specimens of slag are given in
Fig. 3. X-ray diffractions curves of hard-faced surfaces are given in Fig. 4.
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Fig. 2. Chromium content influence on carbon transfer in a deposited metal
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Fig. 3. Diffraction curves of X-rayed slag of specimens 676 and 676-C

In diffraction analysis the following compounds have been determined:

carbon (C — graphite) — largest content in specimen 676;

perovskite, whose chemical composition (and crystallographic pattern) is
about CaTiO,,but some Ca atoms may be replaced by those of other metals;

spinel — Fe,O, but Fe atoms may be replaced by Cr, Mn.
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In all specimens of the slag there is also a lot of amorphous material which
is unidentified by diffraction analysis, but according to the available data some
part of this material can be ranked to glass.
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Fig. 4. Diffraction curves of X-rayed hard-faced surfaces of specimens
671, 674, 675 and 677

The main phase of all deposited layers is ferrite («—Fe diffractive
maximum is at 26 ~ 44.7°) in which dissolved Cr and other alloying elements
have to be present.

Furthermore, in layers deposited from electrodes 673—677 the unequal
content of residual austenite may be identified (most of it in specimen 675)
(diffractive maximum at 20 ~ 43.66°). Yet, this maximum may also belong to
carbide of a cementite type M,C where M — atom of the metal, most

frequently of Fe, but may be Cr or Mn, while B atoms are partly replacing
C. Carbide M,C is quite properly identified in specimen 674, while this
carbide can be fully distinguished from austenite by etching a specimen

electrochemically.
The other main phase of deposited layers is A/.C,, it is carbide with a lot

of Cr. There M — Cr, Fe, Mn and the others. Its biggest content is in layers
671 and 672.
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SEM images of the hard-faced layers given in Fig.5. Optical
microstructure of the hard-faced layers given in Fig. 6.

Fig. 6. Optical microstructure of the hard-faced layers of specimens 671 and 674
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In Fig. 7 presented influence of chemical composition (Cr, C and ratio
Cr/C) of deposited layers on hard layers wear.
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Fig. 7. Influence of chemical composition of deposited layers on hard layers wear

Wear resistance is influenced by both chromium content and a ratio of
chromium and carbon contents. The latter determines the chromium carbides
content in an alloy and is the most significant component influencing wear
resistance. In both cases the influence of both chromium content and a ratio of
chromium and carbon content on relative wear resistance is characterized by
second degree polynomial equations.

The effect of carbon content on abrasive wear of hard layers is best
described by an exponential function.

General conclusions

1. For the surfaces of machine parts working under abrasive and impact-
abrasive conditions the arc hard facing layers properties depend on deposited
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metal structural phase composition and in case multi component alloying these
composition must be optimised.

2. Transition of chromium from an electrode to a deposited metal in
range 0-40% is of a linear mode. When an alloy has 20-26% chromium, it
assimilates other alloy chemical elements best. When the chromium content
changes from 20% to 40%, the content of carbon practically does not change —
an alloy assimilates it maximally. When the content of chromium in an alloy is
sufficient, the carbon transition coefficient in it is 0.557. With a decrease in
chromium content (from 20%), assimilation of carbon into an alloy decreases
linearly, because carbon burns out, and according to diffraction analysis of slag
X-rays it passes to slag.

3. With an increase in carbon content in an alloy from 0.2 to 4%,
assimilation of titanium increases significantly (from 0.06 to 1.3%), but it does
not affect assimilation of other elements.

4. The influence of the chromium content and the ratio of chromium and
carbon contents to the relative strength to wear is defined by the second degree
polynomial equations. The greatest alloy strength to wear is achieved when the
chromium content is from 16% to 30% and chromium to carbon ratio being
from 6 to 10.

5. The proportion of layer components (Fe+Cr) and (C+B) characterizes
the wear of hard layers accurately. The lower this proportion (in range 25...45),
the smaller the wear is.

6. The effect of carbon content on abrasive wear of Fe—C—Cr-B hard
layers is best described by an exponential function.

7. Having examined the methods intended for wear measurement, it is
seen that neither of them is universal. For this reason, it is impossible to
measure precisely enough the wear of the part surface which depends on the
mechanism construction, its geometrical form, measurements and kinematics of
the parts movement. Each time a proper method, measuring apparatus and
equipment are to be selected, and sometimes even developed.

8. Application of synthetic electrodes for hard-facing with an alloy
possessing special properties is economically expedient as allowed both to
decrease the electrode cost price and to obtain a significant technological effect.

9. Three marks hard-facing electrodes have been developed and are being
produced:

1) Since March of 2005, 20 tons of electrodes have been produced
which are used for hard-facing surfaces to acquire medium strength to
abrasive and big impact loads.

14



2) Since April of 2006, 4 tons of electrodes have been produced which
are used for hard-facing surfaces working under intensive abrasive
conditions.

3) Since April of 2007, 0.5 ton electrodes have been produced which
provide the corrosion resistance layers. They can be also used to form
buffer layers prior to hard-facing with hard layers.
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ATSPARIU DILIMUI APVIRINTU PAVIRSIU
FORMAVIMAS IR TYRIMAS

Mokslo problemos aktualumas

Viena i§ Siuolaikinés jrankiy ir masiny detaliy gamybos ir restauravimo
sri¢iy yra konstrukcinio plieno detaliy apvirinimas reikiamy savybiy lydinio
sluoksniu, taip suteikiant jrankiy ir detaliy pavir§iams reikiamas savybes.

Yra zinoma daug jvairiy paviriy stiprinimo budy ir sukurta daug jvairiy
suvirinimo medziagy, skirty pavir§iy apvirinimui. Detaliy, kurios yra
eksploatuojamos abrazyvinio ir smiginio-abrazyvinio poveikio aplinkoje,
siekiant padidinti atsparuma dilimui konkre¢iomis darbinio apkrovimo
salygomis, reikalinga optimali struktiiriné-faziné apvirinto metalo sudétis, kuri
salygojama ir prilydyto metalo chemine sudétimi.

Lietuvoje yra gaminami suvirinimo elektrodai. Viena i§ gaminamos
produkcijos ri§iy yra ivairios paskirties apvirinimo elektrodai. Pasaulyje yra
daug suvirinimo medziagy gamintojy, kurie gamina analogiska produkcija,
taciau Sie elektrodai yra brangis. Siekiant konkuruoti elektrody rinkoje, biitina
plésti gaminamos produkcijos asortimenta, teikti naujus gaminius, kurie savo
kokybe ir kaina galéty patenkinti jvairiausius vartotojy poreikius.

Disertacijoje nagrinéjami kuriamy elektrody glaisty legiruojanciyju
elementy peréjimo i§ elektrodo glaisto i prilydoma metala désningumai, tiriama
legiruojanciyjy elementy itaka apvirinty sluoksniu savybéms. Darbe
sprendziami du pagrindiniai uzdaviniai: glaistytyju elektrody glaisty kiirimas ir
jais apvirinty sluoksniy savybiy tyrimas. Pirmasis uzdavinys suformuluotas,
atsizvelgiant i legiruojanciyjy elementy peréjimo i§ elektrodo i prilydoma
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metalag désningumy tyrima. Antrasis siejasi su apvirinto lydinio struktdros ir
abrazyvinio dilimo tyrimu.

Tyrimy objektas

Disertacinio darbo tyrimy objektai yra:
e  kuriami eksperimentiniai apvirinimo elektrodai;
e Siais elektrodais apvirintas gaminiy pavir$ius.

Darbo tikslas

Panaudojant Lietuvoje turimas zaliavas sukurti tinkamus detaliy pavirsiy,
dirbanciy abrazyvinio ir smiiginio-abrazyvinio poveikio salygomis, apvirinimui
elektrodus. Siam tikslui pasiekti batina itirti prilydyto metalo legiravimo
désningumus apvirinant gelezies lydinius glaistytaisiais elektrodais.

Zinant legiruojan¢iyju elementy jtaka lydinio mechaninéms savybéms,
reikia surasti tinkamiausia elektrody glaisto komponenty sudéti bei jy santyki,
nes elektrodo glaistas turi ne tik legiruoti iSlydyta metala, bet ir sudaryti
apsaugini Slaky sluoksni, uztikrinanti stabily suvirinimo lanko suzadinima ir
degima, tinkama suvirinimo vonelés apsauga nuo aplinkos poveikio,
nepriekaiStingg suvirinimo rumbelés formavima ir gera S$lako luobelés
atsiskyrima.

Darbo uZdaviniai

1. I3nagrinéti elektrodiniy apvirinimo medziagy kiirimo principus.
. Pasiiilyti nauja elektrody glaisto sudarymo metodika.

3. Sukurti ir pagaminti eksperimentinius apvirinimo elektrodus, kuriais
apvirinti sluoksniai jgyja atsparumo abrazyviniam dilimui savybes.

4. Nustatyti legiruojanciyjy elementy peréjimo i elektrodo i prilydoma
metala désningumus.

5. Nustatyti pagrindiniy legiruojan¢iyju elementy jtaka abrazyviniam
dilimui.

6. Istirti naujais elektrodais apvirinty sluoksniy struktiiras.

7. I8nagrinéti naujy apvirinimo elektrody panaudojimo galimybes.

Mokslinis darbo naujumas

Rengiant disertacija buvo gauti §ie mokslui nauji rezultatai:
e pasililyta nauja metodika apvirinimo elektrody glaisty sudarymui;
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e istirti legiruojanéiyjy cheminiy elementy peréjimo i$ elektrodo glaisto i
prilydoma metalg ir §laka désningumai, esant naujai pasitlytai glaisto
komponenty sudéciai;

e idtirta lydinio legiruojanciyjy elementy koncentracijos kitimo jtaka
apvirinty sluoksniy abrazyviniam dilimui;

e idtirta sukurtais glaistytaisiais elektrodais apvirinty sluoksniy
struktiiros ir ju dilimo tarpusavio priklausomybé.

Tyrimy metodika

Disertaciniame darbe taikomi analitiniai ir eksperimentiniai tyrimo
metodai.

Sudarytoms glaisty kompozicijoms analitiskai apskai¢iuota prilydyto
metalo cheminé sudétis, kuri blity gaunama apvirinus metalo pavirsiy
eksperimentiniais elektrodais.

Eksperimentams buvo pagaminti apvirinimo elektrodai ir jy tyrimams
panaudoti optinés emisijos spektrometrijos, abrazyvinio dilimo bandymu (pagal
ASTM G65), rentgeno spinduliu difrakcijos, nuskaitanciosios elektroninés
mikroskopijos, optinés mikroskopijos metodai.

Praktiné verte

Tyrimais nustatytas legiruojan¢iujy komponenty kiekis elektrody glaiste,
kuriam esant $iais elektrodais apvirinti sluoksniai jgauna geriausias atsparumo
abrazyviniam dilimui savybes.

Tyrimy rezultatai ir pasiilyta elektrody glaisty sudarymo metodika leido
sukurti jvairios glaisty sudéties elektrodus, tinkamus apvirinti pavir§ius
pageidaujamy cheminiy ir mechaniniy savybiy lydiniu.

Ginamieji teiginiai

1. Noustatyti legiruojanéiyjy elementy (anglies, silicio, mangano, chromo,
titano, boro) peréjimo i§ elektrodo | prilydoma metalg désningumai,
apvirinant rankiniu elektrolankiniu biidu glaistytaisiais elektrodais.

2. Legiruojanciyjy elementy jtakos apvirinty sluoksniy dilimo atsparumui
mechanizmas.

3. Legiruojanciyjy cheminiy elementy peréjimo i§ elektrodo glaisto i
prilydoma metala priklausomybés nuo jy kiekio glaiste santykio.

4. Apvirinty sukurtais glaistytaisiais elektrodais sluoksniy struktiros ir ju
dilimo tarpusavio priklausomybés.
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Darbo apimtis

Disertacija sudaro, ivadas, 3 skyriai ir rezultaty apibendrinimas.

Ivade nagrinéjamas problemos aktualumas, formuluojamas darbo tikslas
bei uzdaviniai, apraSomas mokslinis darbo naujumas, pristatomi autoriaus
praneSimai ir publikacijos, disertacijos struktiira.

Pirmasis skyrius skirtas literatiiros apzvalgai. Jame apZzvelgti darbai,
kuriuose nagriné¢jami plieno pavirSiaus stiprinimo metodai, lankinio apvirinimo
biidai, rankinio elektrolankinio apvirinimo glaistytaisiais elektrodais ypatumai,
apvirinto sluoksnio strukttira ir savybés, eksperimentiniai dilimo tyrimo
metodai, elektrodiniy apvirinimo medziagy kirimo principai. Skyriaus
pabaigoje formuluojamos i§vados ir konkretizuojami disertacijos uzdaviniai.

Antrajame skyriuje, metodinéje dalyje, pateikta tyrimy metodika. ApraSyta
bandymy metody esmé, taikymas, prietaisy schemos ir veikimo principai,
eksperimenty atlikimas bei rezultaty apdorojimo metodai.

TreCiajame skyriuje, eksperimentingje dalyje, aprasyta eksperimenty
atlikimo eiga, gauti rezultatai, bei jy aptarimas.

Darbo apimtis yra 100 puslapiy (neskai¢iuojant priedy), tekste panaudota
31 numeruota formulé, 36 paveikslai ir 24 lentelés. Taip pat yra 3 priedai.
Ragant disertacija buvo panaudoti 109 literattros $altiniai.

Bendprosios isvados

1. Eksperimentais partvirtinta, kad detaliy, kurios yra eksploatuojamos
abrazyvinio ir smiiginio-abrazyvinio poveikio salygomis, pavirSiy apvirinimui
reikalinga optimali konkre¢ioms poveikio salygoms struktiiriné-faziné prilydyto
metalo sudétis. Nustatyta, kad didziausias atsparumas dilimui gaunamas,
kuomet nedideli karbidai i$sidéste tolygiai, nesudaro sankaupy, o pagrindo
mikrostrukttiroje susidaro ledeburitas ir austenitas.

2. Nustatyta, kad chromo peréjimas i§ elektrodo i prilydoma metalg
(tirtame 0—40 % intervale) turi tiesini pobudj. Esant lydinyje 20-26 % chromo,
kity cheminiy elementy jsisavinimas i lydinj yra didziausias. Chromo kiekiui
keiciantis nuo 20 % iki 40 %, anglies kiekis praktiskai nekinta — lydinys angli
isisavina maksimaliai. Anglies perneS§imo koeficientas, esant lydinyje
pakankamai chromo, yra lygus 0,557. Maz¢jant chromo kiekiui (nuo 20 %),
tiesiskai mazéja anglies isisavinimas i lydini, nes anglis iSdega ir, kaip rodo
Slako rentgeno spinduliy difrakciné analizé, pereina i $laka.

3. Eksperimentais nustatyta, kad didéjant anglies kiekiui lydinyje nuo 0,2
iki 4 %, zenkliai didéja titano isisavinimas (nuo 0,06 iki 1,3 %). Kitu elementy
isisavinimui anglies kiekis lydinyje jtakos neturi.
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4. Atlikus apvirinty sluoksniy cheminés analizés ir atsparumo dilimui
tyrimus, nustatyta, kad chromo kiekio bei chromo ir anglies kiekiy santykio
itaka santykiniam atsparumui dilimui apibiidina antro laipsnio polinominés
lygtys. Didziausias lydinio atsparumas dilimui pasiekiamas esant lydinyje nuo
16 iki 30 % chromo bei esant nuo chromo ir anglies kiekiy santykiui

(C%=6—10)~

5. Atlikus tyrimus, paaiSkéjo, kad kietyjy sluoksniy dilima tiksliausiai
atspindi sluoksnio metalo legiruojanc¢iyjy elementy (Fe+Cr) ir (C+B) santykis.
Kuo 3is santykis (intervale 25...45) yra maZesnis, tuo dilimas mazesnis.

6. Nustatyta, kad anglies kiekio jtaka Fe-C—Cr-B kietyju sluoksniy
abrazyviniam  dilimui  geriausiai  apraSo  eksponentiné  funkcija
£=0,650-"7%),

7. ISnagrinéjus dilimo matavimo metodus, matyti, kad né vienas i$ ju néra
universalus, todél negalima palyginti jvairiuose literattiros $altiniuose teikiamy
atsparumo dilimui duomeny, nes jie priklauso nuo mechanizmo konstrukcijos,
geometrinés formos, matmeny ir detaliy judéjimo kinematikos. Kaskart reikia
parinkti, o kartais ir sukurti tinkamiausia metoda, matavimo aparatiirg ir
frenginius.

8. Sukurty glaistytyju elektrody panaudojimas apvirinant specialiy
savybiy lydiniu yra ekonomiSkai tikslingas, nes leido sumazinti elektrodo
savikaing bei gauti Zzenkly technologini efekta. Elektrody savikainos
sumaz¢jimas pasiektas glaisto komponentams panaudojus vietines Zzaliavas,
kurios yra zenkliai pigesnés nei importuojamos, ir mazaanglia nelegiruota viela,
kuri yra pigesné uz legiruota.

Sukiirus naujus apvirinimo elektrodus, imoné gali rinkai pasitilyti geresniy
techniniy charakteristiky pigesni produkta, tokiu biidu padidindama savo
produkto konkurencinguma, arba gali pasitlyti rinkai §j produkta uz ta pacia
kaing padidindama pelno marza, o produkto konkurencinguma padidindama
pagerinty technologiniy savybiy déka.

9. Tyrimy i8davoje sukurti ir jau pramoniniais kiekiais gaminami trijy
markiy apvirinimo elektrodai:

1) elektrodai, kuriais apvirinti sluoksniai igauna vidutinio atsparumo
abrazyviniam poveikiui ir dideléms smiiginéms apkrovoms savybes
(nuo 2005 m. kovo mén. pagaminta 20 tony);

2) elektrodai, kuriais apvirinti pavirsiai gali bliti naudojami intensyvaus
abrazyvinio poveikio aplinkoje (nuo 2006 m. balandzio mén.
pagamintos 4 tonos);

3) elektrodai, kuriais apvirinti sluoksniai pasizymi atsparumo korozijai
savybémis, taip pat gali biti naudojami barjeriniy sluoksniy
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sudarymui prie§ apvirinant kietaisiais sluoksniais (nuo 2007 m.
balandzio mén. pagaminta 0,5 tonos).
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