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TECHNICAL SCIENCES

ANALYZE OF WELDING ARC PARAMETERS IN SHIELDED METAL ARC WELDING

ABSTRACT

Denev Y.
Technical University of Varna

Shielded metal arc welding is widely used in heavy industries in partly shipbuilding and ship repair. This
method didn’t required special personal skills and equipment. Different scientists are analyzed welding parameters,
mechanical characteristics and chemical composition in welding seam but interesting is to be investigated welding
arc characteristics in different electrodes. The paper deal with analyze of welding arc parameters in shielded metal
arc welding. For this purpose on mild steel plates are welded seams with different diameters of electrodes and
different welding current. In welding process are measured welding arc burning time, length of electrodes melted
part, welding machine voltage and weight of melted electrodes part. For analyze welding arc parameters are used
response surface methodology method (RSM). Used RSM in the paper is 2% factorial design where k=2 factors.
The influence of each to other factors of welding arc is presented by meta models.

Keywords: shielded welding, arc length, models, experimental planning.

1. Introduction.

Welding arc is main component of welding seams.
Its role is to transfer melted metal in weld seam. Trans-
fer of melted metal from electrodes to weld pool de-
pends from electrodynamics forces, gravity, welding
arc pressure and gases in welding arc. The type of
melted metal transfer is large dropped, middle dropped
or like a stream.

Welding arc analyzation is widely area of scien-
tists. Characterization of welding arc and weld pool for-
mation in vacuum gas hollow tungsten arc welding is
analyzed in [1]. In this paper authors obtain the effec-
tive arc radii for various welding conditions in vacuum
gas hollow tungsten arc welding. They used Abel in-
version algorithm to CCD arc image and determine the
distribution of arc heat flux, arc pressure and current
density from the physical relations of arc irradiance,
temperature and current density in gas tungsten arc
welding.

Physical characteristics of arc ignition process are
analyzed in[4]. In their publication they focused
attention on stable combustion state and the research on
the mechanism of welding arc ignition process is quite
lack. They used tungsten arc welding process for their
analysis and physically characteristic of welding arc are
investigated by camera with height resolution. The
welding arc electron density during the period of the arc
ignition is calculated by the Stark-broadened lines of
Ho.

In[3] is studied effect of arc length on oxygen con-
tent and mechanical properties of weld metal in pulsed
gas metal arc welding. For the analyze the authors used
Q 690 high strength steel and ER69-G wire with diam-

eter 1,2mm. Shielded gas used for experimental proce-
dure is 82%Ar and 18% CO,. Conclusion is that arc
length raised, oxidation in drop transfer and oxygen
content in weld metal increased significantly.

Determination of welding parameters is important
stage from welding process. Proper parameters selec-
tion resulting to minimization of deformation. This pro-
cess is widely described in[5]. They describe step by
step stages in parameters determine. This information
is useful for production of welded construction in heavy
industry, shipbuilding and ship repair sector.

There aren’t enough information, data and anal-
yses about welding arc in shielded metal arc welding
process and mainly about its parameters. The main pa-
rameters of welding arc are burning time, burning sta-
bility and weight melted metal. Burning stability of
welding arc method is developed by akad. Hrenov. It is
consist of burned of arc of rigid electrode. The arc burn
while length of electrode is enough to touch the steel
plates.

2. Description of shielded metal arc welding
process.

Shielded metal arc welding is most applicable
method in industry. It is characterized with simplicity
in equipment and not so special skills of operator. The
main method equipment is shown on fig. .

Welding arc is the distance form electrodes to sur-
face where arc is formed. Based on this welding arc can
be divided into three types:

e Medium or normal;

e Long;

e Short;
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Fig.1. Shielded metal arc welding scheme[8]

Power source is direct or alternative current. This power sources has static dropping V-A characteristic. Weld-
ing arc temperature in this power sources is about 6000-9000°C.
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Fig.2. V-A characteristic of power source[9]

Welding arc can be divided into three regions: anode, cathode and arc column. On fig.3. is shown welding

arc structure and voltage distribution.

Anode L

/ I | \\'

-l e Voltage

Cathode

At anode region as the temperature falls higher
voltage is required to maintain ionization in the arc. The
heat loss is compensated by electrons in plasma. In
cathode area is the same situation with difference that
more heat is generate in anode area than cathode. In arc
column high temperature concentration is accumulated.
This process together with ionized metals kept welding
arc burning at temperature about 6000K.

Electrodes for shielded metal arc welding are cov-
ered electrodes. The role of cover is to protect welding
seams from atmosphere. The cover contains stabilizing,
shielding, fluxing, deoxidizing and other elements sup-
porting welding process. Depending on the type of

min

Fig.3. Voltage arc distribution[6]

electrode being used, the electrode covering provides
the welding seam in air[7].

In proper selection of cored electrodes is important
to be considered followed rules:

e Ry electrodes~Ry base metal

e Chemical composition electrodes~ Chemical
composition base metal

If this rules are considered working characteristic
of welding construction is absolutely reliably.

According[2] shielded metal arc welding cored
electrodes are with diameter range 2.00, 2.5,
3.0,3.25,4.0,5.0,6.0mm and length from 350mm and

450mm.
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The value of welding current depends form elec-
trodes diameter. It is calculated by following formulae:

Iweld =de*k (1)
where: de- diameter of electrode, k- coefficient de-

pended from steel grade, k=40 for low carbon, low al-
loyed steels, k=30 for other carbon steels.

Shielded metal arc welding method is used in dif-
ferent welding positions. This gave it widely applica-
tion in industry, shipbuilding and ship repairing.

3. Experimental procedure.

The experimental procedure is consisting of weld-
ing seams on the mild steels plate St 235. Welding is
done by rutile electrodes with different diameter and
different values of welding current.

Table 1.
Welding current for different electrodes diameters
Ne De, mm I weld, A
1 3.25 80
2 2.5 100
3 3.25 120
4 4.00 150

For achieving purpose in the paper is used welding
machine for shielded metal arc welding shown of fig.4.
In selection of electrodes rules for equal or ap-
proximate chemical composition and mechanical char-

acteristic of electrodes and base metal are kept. Chem-
ical composition of steel plates are shown on table 2
and chemical composition of electrodes are shown on
table 3.

Table 2.

Chemical composition of steel plates base metal

Mo [ Ni |3

P Cr Cu

<0.22 0.6 | =0.3

=0.040

£0.012 | =0.3

=0.040 | =0.3

Table 3.
Chemical composition of electrodes
C, % Si, % Mn, %
0.08 0.3 0.4
Fig.4. Overview of welding machine
Mechanical characteristic of steel plates and electrodes are shown on table 4 and table 5.
Table 4.
Mechanical characteristic of base metal
Rm, MPa Rpl, MPa A %
470 340 26
Table 5.
Mechanical characteristic of electrodes
Rm, MPa Rpl, MPa A%
510 400 28
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In welding process are measured parameters of
welding arc: welding arc burning time, length of elec-
trodes melted part, welding machine voltage.

To analyze influence of parameters on each other
are used response surface methodology. The commonly
used response surface methodology is simplest 2 fac-
tor design. In this 2 factor design every factor has two
levels(+1, -1) and each run at two levels. The levels of
the factors can be called ,, low” and ,, high”. The two
levels can be quantitative and qualitative. In engineer-
ing analysis for example quantitative factors are forces,
pressure, speed and etc. and qualitative can be number
of machine, ships and other. To convert factorial design
into regression model are used some of following mod-
els:

e First model

Y=L+ X + X+ B X, )
e lteraction model

y=5 +iﬂixi +sz:ﬂijxixi ®)

i<j
e Second model

K Kk Kk
y=5 +Zﬂixi +ZZﬂij X X; +Zﬂijxi2 (4)
i=1 i<j i=1

where: X3 is the coded variable that represent the
reactant concentration, x: is the coded variable that rep-
resent the feed rate, B-s are correlation coefficients.

Design matrix of 22 factor planning is shown on
table 6.

Table 6.
Design matrix
No X1 X2
1 -1 -1
2 +1 -1
3 -1 +1
4 +1 +1
4. Results model of RSM. Widely matrix of experimental plan is

Experimental results are processed by software
STATISTICA and Excel worksheet. To analyzed im-
pact of welding arc parameters is used first regression

shown on table and actual matrix of plan is shown on
table 7.

Table 7.
Full design matrix
Ne X1 X2 X3 X4
1 1 -1 -1 1
2 1 -1 -1
3 1 -1 1 -1
4 1 1 1

Time for welding arc burning time and length of
welding arc are objects of analysis. These two parame-
ters described and characterize welding arc Based on
the model are done graph dependence of:

Length of welding arc against diameter of elec-
trode and welding current fig. 5.

Welding arc burning time against voltage of weld-
ing machine and welding current fig.6.

Table 8.
Experimental data
Ne Voltage, V L weld arc, mm de, mm I weld, A T weld arc, sec
1 14 24 2.0 80 30.3
2 17 27 2.5 100 44.45
3 21 30 3.25 120 67.7
4 26 34 4.0 150 79.5
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Fig.5. Length of welding arc against diameter of electrodes and welding current
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Fig.6. Welding arc burning time against voltage and welding current
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5. Conclusion

In the paper are analyzed welding arc parameters
in manual shielded metal arc welding. For experimental
procedure are used retile electrodes with diameters of
2.00; 2.5; 3.25 and 4.00mm and steel plates grade
ST235.

To analyze the results are used response surface
methodology. Two-level factorial design of experiment
is used. Based on methodology are done regression
model, regression equations for analyzed welding arc
parameters are developed.

Length of welding arc closely depends form weld-
ing current. In higher welding current values length of
welding arc is higher. Type and diameter of electrodes
haven’t so important impact on length of welding arc.
This is confirmed from developed regression equation.

Time for welding arc burning closely depends
from voltage of welding machine. Impact degree of
welding current in burning time is not so clear ex-
pressed. In higher values of welding machine voltages
burning time is bigger. This is with close relation with
welding current.

6. Declarations

Conflict of interests: The author has no conflicts
of interest to declare that are relevant to the content of
this article.

References

1. Cho, D.W., Lee, S.H.,, Na, S.J., 2013,
Characterization of welding arc and weld pool
formation in vacuum gas hollow tungsten arc welding,
Journal of Materials Processing Technology,
ELSIVIER, pp. 143-152

2. ESAB, catalogue

3. Jiache, Xu, Xiaoxiao Zhou, Dawei Zhu, 2022,
Effect of Arc Length on Oxygen Content and
Mechanical Properties of Weld Metal during Pulsed
GMAW, 12,176, Basel, Switzerland

4. shi, L., Song, Y., Xiao, T., Ran, G., 2012, Phys-
ical Characteristics of Welding Arc Ignition Process,
CHINESE JOURNAL OF MECHANICAL
ENGINEERING Vol. 25, No. 4, pp. 786-791

5. Ugur Soy, Osman Lyibilgin, Fehim Findak, Ce-
miz Oz, Yasar Kiyan, 2011, Determination of welding



76 Sciences of Europe # 97, (2022)

parameters for shielded metal arc welding, Scientific 7. https://www.fab-
Research and Essays Vol. 6(15), pp. 3153-3160, DOI:  techexpo.com/blog/2018/01/04/shielded-metal-arc-
10.5897/SRE10.1073 welding-basics
6. Weman, K., 2012, Welding process handbook, 8. https://www.materialwelding.com/what-is-
second edition, Woodhead Publishing Limited, Cam-  shielded-metal-arc-welding-smaw/
bridge, UK 9. https://weldknowledge.com/2016/02/06/char-
acteristics-of-arc-welding-power-sources/

POJIb TEPMHUHOJIOT'UH B PA3BBUTUU KUBEPHETUKH

Bouuunckuii B.A.
Beoywuii nayunwviii compyonux
Hucmumym xubepuemuru um. B.M. I'tywukoea HAH Yrpaunul

THE ROL OF TERMINOLOGY IN DEVELOPMENT OF CYBERNETICS

Vyshinskiy V.
V.M Glushkov Institute of Cybernetics of the National Academy of Sciences of Ukraine,
Lead Scientist Researcher

AHHOTALUA

PeBynLTaTBI HAay4YHBbIX I/ICCJ‘IG,I[OBaHI/Iﬁ B 3HAYHUTEIBHON MEpC 3aBUCAT OT A3blKa, B KOTOPOM OHH IIPOBOASATCH.
U B aTOM Clly4qac Urparot 60J‘IL].HyIO POJb €ro CJ'IOBapHBIfI COCTaB, B KOTOpLIf/i BXOOAT TCPMUHBI, O603Ha‘Ia}OHII/I€
TMOHATHA, OTPpAKAIOIIUEC ABJICHUA B IPUPOIC. HpOI/ISBOJ‘IbHoe, HEOO0CTAaTOYHO O6OCHOBaHHOC, HX BBCACHUEC ITPUBO-
JUT K TOPMO3Y B HAYYHBIX UCCJICJOBAHUAX. 9TOT HEraTUBHBIN Ipouecc B HaCTO}IIHeﬁ CTaTh€ MOKa3aH Ha MMPUMEPE
pa3BUTHSL, KaK caMOi HayKH KHOSPHETHKH, TaK ¥ €ro pasJielia pa3BUTHs CpeICTB 00paboTku HHHOPMALIUH.

ABSTRACT

The results of scientific research largely depend on the language in which they are conducted. And in this
case, its vocabulary including terms denoting concepts that reflect phenomena in nature plays a big role. Arbitrary,
insufficiently substantiated, their introduction leads to a brake in scientific research. This negative process in this
article is shown on the example of the development of both the science of cybernetics itself and its section of the

development of information processing tools.

KuaroueBble ciioBa: xubepHeTHKa, (Qu3mKa, OOTaHWKaA, OHONOTHS, MpodiieMa, 3amada, QyHIaMeHTaIbHAS

HayKa.

Keywords: cybernetics, physics, botany, biology, problem, task, fundamental science.

B HayuHO-HCClIe10BaTEIBCKOM IIpOIlecce BO3HU-
KaloT CUTyalluH, Koraa TpedyeTcs BBEeJICHHE TEPMHUHOB,
00o03Hayaromux HOBbIe MOHATHA. OHAKO, HE BCE OHU
MOTYT OBITh yJIauHO ChOPMYITMPOBAHBI,  ITO OTPHIIA-
TENBHO BIMsET Ha MO3HaHHE Npupoasl. Beas B cBoeM
OIpENENEHNN TEPMUHBI JOJDKHBI, KaK MOXKHO COJEP-
JKaTeJbHe! OTpakaTh CBOHCTBA MAaTEPUH TOU OOJIACTH,
B KOTOPOH MPOUCXOAAT HccaeoBaHusA. Becbma qacto
HOBOE TIOHATHE, a 3HAYUT ¥ TEPMHH, €ro 0003Havaro-
MM, BBOAUTCS U3BECTHBIM YUYEHBIM, U, KaK IPaBUIIO,
OCHOBHBIM J[0Ka3aTEJIbCTBOM IPaBHJIBHOCTH HOBOBBE-
JICHUA BBICTYIIAeT, B TOM CIIy4ae TOJIBKO, €r0 aBTOPH-
TeT. XOpOUIN TOMY IpUMep UMeeTCs] B KNOepHETHKE.
M3BecTHO, 4TO (yHOAMEHTAJIBHBIM HANpaBICHHEM B
3TOM HayKe eCTh pa3BUTHE DJIEKTPOHHBIX Brramcim-
TenbHBIX Mamme (OBM), pe3ynbTaToM KOTOPOTO BBI-
CTYNArT MAalIWHBI, MPECTABISIONUE PAa3IUYHbIE T0-
KosieHusl. B cBoe BpeMs caMo NMOHATHE U MPU3HAKHU OT-
JUYHS OJHOTO TAaKOTO IOKOJIEHHS OT APYroro ObUIH
MPE/JIOKEHbl aBTOPUTETHBIMU KOHCTPYKTOpaMH 3TOH
Hay4YHO-T€XHH4ecKol orpacnu. [To ux MHEeHHIO, pa3nu-
YHe MEXIY ITOKOJICHISIMA HaXOAUTCS B OCOOCHHOCTSIX
arnmapaTtypsbl, Ha KOTOPOM co3/1aHbl MalIMHbL. Tak Juis
nepBoro nokojeans OBM, ¢ mo3uruii ee pazpaboran-

KOB, B KQU€CTBE OCHOBHOT'O OTJIMYHS BBICTYIAET 3Jie-
MeHTHas 0a3a, B OCHOBY KOTOPOM IIOJOXKEHBI 3JIEK-
TpOHHBIE Jammbl. UTO KacaeTcss BTOPOro IMOKOJICHHUS,
TO B 3TOM CJIy4ae, BMECTO JJaMII BBICTYIIAIOT HABECHBIE
TPaH3UCTOPHI, a CIEAYIOLINE MOKOJIEHUS YK€ MOTpe-
OytoT MuKpocxeM. Takum oOpa3oM, ere pa3 Mo IIepK-
HEM, YTO KOHCTPYKTOPbI B XX-M BEKE BUJEJIU U CETO-
JIHS BUIAT najibHedmee passutue OBM mo mokose-
HUSIM, KOTOPbIE OTJIMYAIOTCS IPYr OT APYra, TOJIBKO,
AJIEMEHTHOM 0a30i.

W3BecTHO, YTO HAy4YHO-TEXHUYECKUW Mporpecc
6a3upyeTcsl Ha NOJTYYECHHBIX paHee IOCTIKEHHAX. B
cirydae ¢ OBM B kauecTBe TaKuX JOCTI)KEHUH BBICTY-
MAIOT 3HAHUS (PU3HKH AIIEKTPOHHUKH, KOTOPHIE BKIIA IBI-
BaJIMCh M BKJIQABIBAIOTCSA B DJIEMEHTHYIO 0a3y BBIYHC-
JIMTEJIbHBIX MAIIUH COOTBETCTBYIOLIEIO MOKOJICHHUS.
[Ipuuem, mpakTuka mokasaja, YTO MHOTOpPa3zoBOE HC-
M10JIb30BAHME OJIHUX U Te€X K€ JOCTUKEHHUN B U3JIEIIHH,
C LIEJbIO YIIYYILEHHUS! ero mapaMeTpoB, He BCEerja mo3-
BOJISIET TOJY4YUTh >KejlaeMblil pe3ynpTaT. To ecTb,
¢byHKIMA 3ddeKTa, B ITOM cirydae, He SBIISETCS JIMHEH-
HoM. Bosee Toro, M30BITOK TAKOTO MCIOJIB30BAHUSI MO-
JKET IPUBECTH K HETATUBHBIM MTOCIIEACTBHUIM, 4TO U IO-
CIIY)KHJIO TOPMO30M B Pa3BUTHUHU CPEICTB 0OpabOTKH
nHpOpPMAanNH.
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