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INFLUENCE OF STRUCTURAL PARAMETERS OF LOW-CARBON
STEEL ON ELECTRIC ARC BURNING

Purpose. The article is aimed to evaluate the influence of structural parameters of low-carbon steel on arcing
process. Methodology. The values of the micro- and substructure characteristics of the electrode wire metal were
changed by varying the parameters of heat treatment and cold deformation by drawing. The degree of plastic defor-
mation was obtained by drawing blanks from different initial diameter to final dimension of 1 mm. The thermal
treatment was carried out in electric chamber furnace of the SNOL-1,6.2,5.1/11-1Z type. The temperature was meas-
ured by chromel-alumel thermocouple and the electromotive force was determined using the DC potentiometer. In
order to obtain the substructure of different dispersion degree the steel (after quenching from temperatures and tem-
pering at 650°C for 1 hour) was subjected to cold drawing to reduction 17 — 80%. To form structure with different
ferrite grain size the steel after drawing was annealed at 680°C for 1 hour. The microstructure was examined under
a light and electron transmission microscope UEMV-100K at the accelerating voltage 100 kV. The grain and sub-
grain sizes were evaluated using the methodologies of quantitative metallography. A welding converter of the
PSG-500 type was used to study the arc welding process of direct and reverse polarities. Findings. The experimen-
tally detected value of the welding current, which depends on the degree of deformation during wire drawing, under
conditions of stable arc burning of direct polarity is about an order of magnitude lower than the calculated value.
Similar difference was found for the arc of reverse polarity: the experimental value of the welding current is
5-6 times less than the calculated value. Dependence analysis shows that, regardless of the polarity of the welding
arc, a good enough agreement between the calculated and experimental values of the welding current is limited to
deformations of 60%. For deformation degrees of more than 60%, the differences are explained by qualitative
changes in the dislocation cell structure. Originality. In the conditions of stable arcing of different polarity for the
electrode of low-carbon steel, an extreme dependence of welding current on the degree of cold plastic deformation
was observed. Practical value. Influence of ferrite grain size of electrode wire on the value of welding current is
much greater than that from substructure presence.

Keywords: structure; welding electric current; polarity; welding arc stability; cold plastic deformation;
cell; ferrite

maintaining the optimal ratio between the rate of
Introduction the electrode metal melting and its feeding into
reaction zone, conditions of metal transfer through
the interelectrode space [8, 15-17, 19, 20], etc.
Taking into account that metal transfer between the

In conditions of electric arc welding the process
of arcing is sensitive to the influence of a certain
number of factors [7, 11, 12, 18]. They include
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electrodes is carried out in the form of a gas-
droplet mixture, the very process of liquid metal
droplet formation at the end of the electrode, its
size and shape should to some extent influence the
technological characteristics of electric arc weld-
ing. Analysis of the conditions for formation of
liquid metal droplet indicates existence of certain
relationship between the surface tension of metal
and gravitational component [9]. Taking into ac-
count possible dependence of the surface tension
forces on the structural state of electrode metal, the
size of structural elements may have certain influ-
ence on the conditions of formation and burning of
electric arc.

Purpose

The article is aimed to evaluate the influence of
structural parameters of low-carbon steel on arcing
process.

Material and methodology of study

A wire of 1 mm diameter of low-carbon steel
with a carbon content of 0.2% was used as a mate-
rial for electrode. The values of the micro- and
substructure characteristics of the electrode wire
metal were varied by varying the parameters of
heat treatment and cold deformation by drawing.
The values of the micro- and substructure charac-
teristics of the electrode wire metal were changed
by varying the parameters of heat treatment and
cold deformation by drawing. The degree of plastic
deformation was obtained by drawing blanks from
different initial diameter to final dimension of
1 mm. Thermal treatment was carried out in elec-
tric chamber furnace of the SNOL-1,6.2,5.1/11-1Z
type. To prevent the formation of oxide film on the
metal surface, the samples were placed in quartz
glass ampoules with preliminary deairing to the
level of forvacuum. The temperature was measured
by chromel-alumel thermocouple and the electro-
motive force was determined using the DC poten-
tiometer. In order to obtain the substructure of dif-
ferent dispersion degree the steel after quenching
from temperatures Ac, and tempering at 650°C for

1 hour was subjected to cold drawing to reduction
17-80%. To form structure with different ferrite
grain size the steel after drawing was annealed at
680°C for 1 hour. The microstructure was exam-

ined under a light and electron transmission micro-
scope UEMV-100K at the accelerating voltage
100 kV. The grain and subgrain sizes were evalu-
ated using the methodologies of quantitative metal-
lography [5]. A welding converter of the
PSG-500 type was used to study the arc welding
process of direct and reverse polarities. The weld-
ing current value was estimated as the average of
10 measurements.

Findings

Analysis of the results of investigations [7-9]
indicates that when metal is melting, the surface
tension forces form a drop at the end of the elec-
trode. The moment of droplet detachment corre-
sponds to the condition that the gravitational com-
ponent exceeds the surface tension force. Taking
into account that as the molten metal temperature
rises, the surface tension force decreases, the weld-
ing current increase should lead to the dispersion
of the emerging droplets. Condition of balance be-
tween the hydrostatic pressure from pinch effect
and the surface tension (o) makes it possible to
estimate the critical value of welding current

((I, =B~Jo-d , where B — is a constant equal to

32.7 A/dynes™’, d — the electrode diameter) upon
the detachment of liquid metal droplet [9]. Substi-
tuting the constant B and o of molten metal
(1220 dynes/cm [9]) in the ratio for /, the value

I, for low-carbon steel should be about 3604,
which is confirmed by the data [8, 9]. The experi-
mentally observed value of the welding current
(;) on the degree of deformation during wire
drawing (€) under conditions of stable arcing of
direct polarity, is approximately an order of magni-
tude lower than the calculated value (Fig. 1).
A similar difference was found for the arc of
reverse polarity: /; less than the calculated one in

5-6 times.
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Fig. 1. Influence of the plastic deformation degree by
drawing on the welding current value ( /, ):

1 — reverse polarity arc; 2 — direct polarity arc

The extreme nature of I, dependence on €, is
apparently due to the peculiarities of the substruc-
tural metallic structure. Considering the nature of
dependence for /,, one can formally assume that

either the value B depends on the chemical compo-
sition or structure of the steel, or o should be re-
placed by another characteristic. To explain the
correlation ratio /; on € (Fig. 1), it was made an

attempt to replace o by the metal surface tension
coefficient in the solid state. Taking into account
the presence of volume fraction of ferrite in the
investigated steel around 97-98%, the ferrite sur-
face tension coefficient (G, ) can be taken as o.

Using the experimental data [2] and the transfor-
mations carried out [14], for a cold-deformed state

one can write:
2
op =G0 ()

where G — ferrite shear modulus

(0.82 dynes/cmz), b — Burgers vector 2,3-10°sm
[1], D - size of dislocation cell.

Refinement of the dislocation cell structure
obeys a proportional dependence on the degree of
cold plastic deformation.

Taking into account that 20-30% of reduction
is enough to start the formation of dislocation
cellular structure of various degrees of perfection
(Fig. 2), determination of the dependence of D on
€ made it possible to calculate the welding current
value (7).

As a ratio the dependence for [/, after an

appropriate substitution of ¢ for 6, was used:

I,=B-Jo.d )

A joint analysis of absolute values 7,and I,

(Fig. 3) for direct polarity arc indicates a fairly
good correlation only up to 60%reduction. For de-
formation degrees of more than 60%, the observed
differences can only be explained by qualitative
changes in the dislocation cell structure.

Indeed, at reductions more than 60-70% in car-
bon steels the processes of perfecting the formed
dislocation cells start to develop.

At high degrees of plastic deformation, a pro-
gressive increase in the dislocation density is
accompanied by intensive cleansing of the cell
body from unbound dislocations, changes in the
form of cells, decrease in thickness of sub-
boundaries, and so on. [1, 4, 13]. All this, appar-
ently leads to violation of the ratio for o, and is

inherited by calculations /,,. The results obtained

for reverse polarity arc are similar to the data for
direct polarity arc.

Fig. 2. Structure of steel 20 after martensite quenching,
tempering at 650 °C, cold drawing
on 17 (a) and 30 % (b)
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With constant sub-structural parameters of
cold-deformed steel, for the arc of direct and re-
verse polarity, the nature of relationships 7, = f'(¢)

(Fig. 1) indicates possible change in the coefficient
B depending on the arc polarity. Taking into ac-
count existence of certain difficulties in burning an
arc of reverse polarity, a change of value B can be
fully justified. Indeed, when the polarity reverses,
the conditions for stable arc burning should be-
come more complicated [7, 8]. The evaluation
showed that in order to increase the degree of co-
incidence between the calculated and experimental
values of the welding current, for the reverse polar-
ity arc, the value B should be about twice as large
as for the direct polarity arc. The result of electric
current calculating for the reverse polarity arc with

respect to relation (2) (will be denoted as 1) is
shown in the Fig. 3.
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Fig. 3. The influence of deformation degree by drawing
the steel 20 on the welding current when burning the arc
of direct (3, 4) and reverse (1, 2) polarity:

2, 4 — current curves [, obtained experimentally;

1, 3—curves of currents, 7, and 1, respectively calculated
according to the relation (2)

Dependence analysis shows that, regardless of
the welding arc polarity, a good enough agreement
between the calculated and experimental values of
the welding current is limited to deformations of
60%. For large reductions, the degree of mismatch
is proportional to the level of welding current val-
ues. For the direct polarity arc, when the welding
current level is 20-35, the deviation of calculated
values (7,) from I, is 12-14%. For the reverse

polarity arc at [, = 45-57 A, the value of differ-

ence between I, and I reaches 20%. Results of
the study indicate the existence of a certain influ-

ence of substructural metallic structure of the elec-
trode metal on the welding arc burning processes.
The observed dependence of the electric current
value when burning the arc of different polarity is
sufficiently well explained by the parameters of the
substructure of cold-deformed low-carbon steel
before the appearance of qualitative changes in the
internal structure of metal.

In order to explain the nature of the observed
welding current dependence on the substructure
parameters of cold-drawn metal, investigations
were carried out on the influence of ferrite grain
boundaries of with large disorientation angles (d, -

is the ferrite grain size after annealing the cold-
drawn metal). Such necessity is due to differences
in the degree of accumulation and distribution of
crystal structure defects from the reduction value
when drawing and after development of recrystal-
lization processes when annealing. Taking into
account the inverse proportional relationship be-
tween the ferrite subgrain size (D) on the reduction
degree when drawing [6] and the observed correla-
tion relationship 7, = f(e) (Fig. 3), it can be as-

sumed that to describe the dependence I, = f(d)
the relationship of the following type can be used:

I=A+k-D", 3)

where 4, k and n — are the constants.
Results of the construction /,on (d,) 03 ,

where d,— ferrite grain size of the steel are shown

in the Fig. 4.
The analysis of the ratios indicates a fairly good
correlation when using the dependence:

I =1, +kd;*, “4)

where I, — is the welding current at d, —> o0, k —is

the angle coefficient.

In general, it should be noted that regardless of
the type of interface, increase in their total length is
accompanied by increase in the welding current
value. Taking into account qualitative differences
in the distribution nature of crystal structure de-
fects during the formation of grain boundaries with
large disorientation angles and sub-grains as a re-
sult of cold drawing [4, 6], the existence of sepa-
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rate dependences for d, and D is completely justi-
fied.
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Fig. 4. Influence of the grain sizes (1)
and the ferrite subgrain (2) of steel 20 on the
welding current when burning the arc
of reverse polarity

Analysis of the absolute values of the parame-
ters of equation (4) indicates that the influence of
the presence of ferrite grain boundaries with large
disorientation angles (7,=30 A, k = 2 A/mm"’) in
the steel structure is much greater than the influ-
ence of the subgrain structure (/,= 8 A, k =

0,75 A/mm"*). On the other hand, the electric re-
sistance value for the ferrite structure of low-

carbon steels is proportional to the accumulated
defect density of the crystal structure [3] and in-
versely proportional to the ferrite grain size [10],
can to some extent exert its influence on the proc-
ess of welding arc burning through the surface ten-
sion of the metal.

Conclusions

1. In the conditions of stable burning of the arc
of different polarity for the low-carbon steel elec-
trode, the extreme dependence of the welding cur-
rent on the degree of cold plastic deformation was
observed.

2. Influence of the ferrite grain size of the elec-
trode wire on the welding current value is much
greater than the effect of the substructure presence.
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BILIUB CTPYKTYPHUX MAPAMETPIB HU3bKOBYTJIELIEBOI CTAJII
HA IT'OPIHHS EJIEKTPUYHOI 1YT'U

Mera. B crarti nepenbdavaeTscs 3p0OUTH OIIHKY BIDIMBY CTPYKTYPHHUX ITapaMeTpiB HU3BKOBYTIIEIIEBOI CTaNli Ha
TIpoIIeC TOPiHHS eNeKTpuyHOi ayru. MeTtoanka. 3HaueHHSI MIKpO- i CyOCTPYKTYPHHX XapaKTEPUCTHK METay eJeK-
TPOIHOTO IPOTY 3MiHIOBAJIH, BapilOI0UM MapaMeTpaMH TEePMIiYHOI 0OpOOKH Ta XOJOAHOI AedopMarllii BOJOUiHHSM.
Cryninp miacTuyHol AedopMariii OTpUMYBaJIM BOJIOYIHHSM 3arOTOBOK PI3HOTO BUXIJHOIO JiaMeTpa Ha KiHIeBUI
po3mip 1 mm. TepMmiuny 00poOKy 3aiiicHIOBamM B enektpuuHiilt kamepHii neui tuny CHOJI-1,6.2,5.1/11-3. Temmne-
parypy BHMIpIOBAIM TEPMOIIAPOIO XPOMEITb-aIIOMEITb 13 BU3HAYEHHSM €JIEKTPOPYIIIHHOT CHITU 32 MOTEHIIOMETPOM
MOCTIHHOTO CTpyMy. JliIst OTpHMaHHs CyOCTPYKTYpH Pi3HOI AMCIIEPCHOCTI cTallb (TicJisl 3arapTyBaHHs i BiJIITyCKaH-
Hs Temriepatypu 10 650 °C npotsirom | ronuHM) miAgaBany XoJOAHOMY BOJIOYiHHIO Ha oOTHCK 10 17-80 %. [dns
(hopMyBaHHS CTPYKTYPH 3 PI3HHM pO3MipOM 3epHa EepHUTy CTaJIb IIiCIs BOJIOYIHHS MijgnaBanacs Bianary npu 680 C
npotsiroM 1 romuan. MIKpOCTPYKTYpY IOCITIPKYBAIX MiJl CBITJIOBUM €JIEKTPOHHUM IIPOCBITYACTHM MiKPOCKOIIOM
YEMB-100K npu npuckoprorodiit Harpy3si 100 kB. Po3wmip 3epHa i cy03epHa omiHIOBaIM 3 BUKOPUCTAHHSIM METO-
UK KimbKicHOi MeTanorpadii. st mocimimkeHs mporecy TOpiHHS 3BapIOBANBHOI IYTH MPSIMOI Ta 3BOPOTHOT MOIISIP-
HOCTEl BHKOPHCTOBYBAIX 3BaproBalibHUN meperBopioBad tumy 11CT-500. Pe3yabpTaTn. ExcriepuMeHTanbHO BUSB-
JICHEe 3HAYCHHS 3BapIOBAJHLHOTO CTPYMY, IO 3aJISKUTH Bil CTYIEHS AedopMmallii MpU BOJOYiHHI APOTY, B YMOBAx
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CTabIIBHOTO TOPIHHS JYTH MPSIMOT MOJIIPHOCTI MPUOIU3HO HA MOPSIIOK HUXKYE PO3PAXYHKOBOT BETMYMHH. AHAJIOTI-
YHY BIJIMIHHICTH BHSIBJICHO ¥ JJISI OYr'M 3BOPOTHOI MOJIAPHOCTI: €KCIEpHUMEHTalbHA BEIWYMHA 3BaplOBaIbHOTO
CTpYMY MEHIIIE PO3PaxyHKOBOI y 5—6 pa3iB. AHai3 3aJIe)KHOCTEH CBITUNTb, 110 HE3aJIEKHO BiJl MOJISIPHOCTI 3Bapio-
BaJIbHOI IyTH, MOCHTh TapHHIl 30ir MK PO3PaxXyHKOBHMH Ta CKCIICPHMCHTAIbHHUMH 3HAYCHHSAMHU 3BapIOBAIbHOTO
cTpyMy ooMexyeThes aedopmartisimu 10 60 %. st cryneniB aedopmartii Oinbie 60 % BiIMIHHOCTI HOSCHIOIOTHCS
SAKICHUMHU 3MIHAMH B JTUCJIOKallilHIi KoMipuacTiii ctpykTypi. HaykoBa HoBH3HA. B ymoBax cTabijbHOrO ropiHHS
JyTU pi3HOT HOJIAPHOCTI IUIs €IEKTPOAa 3 HU3BKOBYIJICIICBOI CTalli BUSBICHA SKCTPEMalbHa 3aJISKHICTh 3BaprOBa-
JBHOTO CTPYMY BiJl CTYIEHS XOJOAHOI muiacTuuHol nedopmaii. IpakTuyna 3HayumicTs. Brumme po3mipy 3epHa
(bepuTy eNeKTPOAHOrO APOTY Ha BEIMYHHY 3BAPIOBANBFHOTO CTPYMY 3HAYHO IEPEBHUINYE ePEKT BiJ MPHUCYTHOCTI
CyOCTPYKTYpH.

Knrouosi crosa: cTpykTypa; 3BaproBajbHUN €ICKTPHYHUI CTPYM; IOJSIPHICTB; CTaOIIbHICTh 3BAPIOBABHOL Iy-
T'M; XOJIOJHA IIacTHYHA AedopMaltist; Komipka; heput

. A. BAKVJIEHKO!, C. A. IULIMTYEHKO®, H. . MYPAIIIOBA®
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BJIUSAHUE CTPYKTYPHBIX IAPAMETPOB HU3KOYTIJEPOJIUCTOM
CTAJIN HA TOPEHHUE 2JIEKTPUYECKOU AYT'N

Lean. B crarse mpexamonaraercs caenarhk OLUEHKY BIMSHUS CTPYKTYPHBIX NTApaMETPOB HU3KOYTIIEPOIUCTON CTa-
JIM Ha TIPOLIECC TOPEHHMS DIIEKTPHUYECKOH nyru. MeTtoauka. 3HauYeHUs] MUKPO- U CYOCTPYKTYPHBIX XapaKTEpUCTUK
MeTajia 3JIeKTPOIHON MPOBOJIOKH M3MEHSJIM, BapbuUpys IapaMeTpaMu TEPMHUYECKOW 0OpaOOTKH M XOJOJHOU Je-
(opmarim BosoueHneM. CTeneHb IIaCTHYECKO nedopMaluy NoTydalid BOJIOYCHUEM 3arOTOBOK PAa3sHOTO MCXO-
HOTO JMaMeTpa Ha KOHEeUHBIH pazmep 1 Mm. Tepmuueckyto 00pabOTKy OCYLIECTBIISUIN B 3JIEKTPUIECKONH KaMepHOH
nean tuma CHOJI-1,6.2,5.1/11-U3. TemmepaTypy H3MEpsUTd TepMOIApOH XpOMENb-allloMellb C OIpelelIeHUeM
JEKTPOABIDKYIIEH CHIIBI IO TIOTEHIIMOMETPY MTOCTOSHHOTO TOKa. [Iyist mosmydeHnst cyOCTpyKTyphbl pa3HOi Anucmepc-
HOCTH CTaJib (TIOCIIe 3aKaJKK U OTITycka TemmepaTypsl 1o 650 °C B Teuenne | daca) moaBepraiu XOJIOOHOMY BOJIO-
yeHuto Ha oOxatue 10 17-80 %. nst popMUpOBaHKS CTPYKTYPBI C pa3HBIM pa3MepoM 3epHa (eppHTa cTaib nocie
BOJIOUEHHs mozaBepraiack oTkury npu 680 °C B teuenue 1 gaca. MUKpOCTPYKTYpYy HCCIEIOBAIM O] CBETOBBIM
ANIEKTPOHHBIM IpocBeYUBarOmUM MHUKpockornoM YOMB-100K mpu yckopsromem nHampspkennn 100 xB. Pazmep
3epHa M cy03epHa OIEHUBAJIM C UCIIOJIb30BAaHHEM METOAMK KOJMUYECTBEHHOW Metamtorpaduu. ns muccnenoBaHuit
npoliecca TOPEeHHs CBApOYHOM JyrH NPsIMOW M 00paTHOM MOJIIPHOCTEH MCIONB30BAlI CBAPOYHBIH NpeoOpa3oBarelb
tuna [ICI'-500. Pe3yabTaThl. DKCIIEpUMEHTAIBHO 00HAPYKEHHOE 3HAYEHUE CBAPOYHOTO TOKA, 3aBHCAIIECTO OT CTE-
neHu Ae(opMaliy pH BOJIOYEHUH TIPOBOJIOKH, B YCIOBHAX CTAOMIIBHOTO TOPEHHUS AyTH NPSMOM TOJISIPHOCTH TIPH-
MEpHO Ha MOPSIOK HIDKE pacyeTHON BEJMYHMHBL. AHAIOTHYHOE pa3inune OOHapyXEeHO W AJsl IyrH oOpaTHOH mo-
JSIPHOCTHU: SKCIIEPUMEHTANIbHASI BEJIMYMHA CBAPOYHOTO TOKA MEHBIIIE pacyeTHOl B 5—6 pa3. AHanu3 3aBHCUMOCTEH
CBHJICTENIBCTBYET, YTO HE3aBUCHMO OT MOJISAPHOCTH CBApPOYHOHM IYTH, JAOCTATOYHO XOPOIIEE COBMAACHHE MEXKIY
pacyeTHBIMH M KCHEPHMEHTAIBHBIMY 3HAYEHUSIMH CBAapOYHOTO TOKA orpaHw4mBaeTcs aedopmanusamu 10 60 %.
Hnsa creneneit nepopmanuu 6onee 60 % pazmudaus OOBIACHSIIOTCS KaueCTBEHHBIMHA M3MEHEHUSIMH B IHICIIOKAIIMOH-
HOHW suenctoil ctpykrype. Hayunasi HoBU3HA. B ycioBHsSX CTaOMIBHOIO TOPEHHS IYTH Pa3UuyHON HOJSPHOCTH
UL DIIEKTPOJa M3 HU3KOYIJICPOAUCTON cTain oOHapys>KeHa SKCTpeMalibHas 3aBUCHMOCTb CBAPOYHOI'O TOKa OT CTe-
MEeHU XOJIOJHOM miacthueckoil nedopmanuu. IlpakTudeckasi 3HauuMocTh. BnusHue pasmepa 3epHa deppura
QJIEKTPOJHOM MPOBOJIOKH HA BEJMYMHY CBAPOYHOI'O TOKA 3HAYUTEIHHO NMpeBbINIaeT 3()(EKT OT MPHUCYTCTBUS CYO-
CTPYKTYPBHI.

Kiouesvie cnosa: CTpyKTypa; CBApOYHBIN AJIEKTPHUYCCKHIA TOK; MOJSIPHOCTh; CTAOMJIBHOCTH CBApOYHON IYTH;
XOJIoIHas IUIacTuuecKas aeopmanst; ssueiika; hpeppur
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