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As is well known in construction, mechanized welding with self-shielded cored wire has found
wide application. In this case, welding methods that are used do not always allow to realize the
potential that is laid in this group of welding materials. In addition, modern welding methods are
characterized by a large heat input in parts and welded joints. In this regard, in the article ways to
improve the technological capabilities of mechanized welding with flux-cored wire by introducing
modulated current into the production of building steel structures are discussed.
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Introduction. Steel structures are widely used in construction. There are
many ways to connect their elements, but at the same time welding is most in
demand. Therefore, the strength properties of steel structures also depend on the
quality of welding.

In this regard, in recent years a lot of research has been devoted to improving
the strength characteristics of steel structures through the introduction of new
technological solutions, primarily in the welding industry.

In the production of building steel structures, mechanized electric-arc
welding has found the greatest use since it has high productivity, processability
and provides high quality joints.

The main material of the article. It is known that the reducing the power of
the arc (1) (and its thermal power ¢, respectively) is achieved by the reducing of

the strength of the welding current, which is performed by mechanized welding
by reducing the feed rate of the welding wire [5, 7]:

where g is the arc thermal power, IW; 1 - effective of the arc, for electric arc
welding 1 = 0.8 - 0.95; U - arc stress, V; I - welding current, A.

At the same time, for each welding method there is a minimum allowable
value of the strength of the welding current, below which the stability of the arc

© Datsenko L.P., Kotsiuruba V.1., Mirnenko V.I., Tkach .M., Tryhubenko S.S., Shyshanov M.O.



ISSN 2410-2547 151
Omip matepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2019. Ne 102

is violated and its break follows. Based on the condition of arc stability, for the
currently used mechanized welding of parts, the possibility of reducing the arc
power by reducing the strength of the welding current (the wire feed speed) has
been exhausted. Consequently, other conditions to control the thermal mode of
welding are required.

The first works on the control of arc welding can be attributed to 30 - 50
years of the last century [1, 2-4]. They were aimed mainly at creating automatic
systems for regulating the external characteristics of welding current sources for
manual arc welding with stick electrodes in order to stabilize the arc process.
With the development of mechanized welding methods, the attention of
researchers was shifted to increasing the stability of the arc based on the study of
processes in the arc space [5-7].

These works were aimed at obtaining a stable arc burning at a rigidly stationary
welding mode or on an approximate one, since, according to the researchers, it was
in this mode that high welding quality could be ensured. However, over time, it
turned out that in this case the possibilities for regulating the welding regime are
narrowed. In this case, a contradiction arose: with a decrease in the arc power
below a certain limit, the arc burning became unstable. Therefore, there were
works aimed at finding welding methods that allow either to reduce the thermal
effect of the arc in the welding zone at the previous arc power values [2—4], or to
weld with a stable arc at significantly lower power values. In the latter case,
positive results were achieved in the study of a new direction of welding —
welding on a non-stationary but controlled mode [2—4, 8]. At the same time, some
welding parameters were subjected to a forced purposeful and periodic change
during the welding process, during which the characteristics of the arc process
changed, which ultimately led to a decrease in heat input to the parts to be welded
and a change in the thermal cycle of the metal.

Much of the proposals to increase the consumption of thermal energy of the
arc to melt the filler material and reduce the proportion of heat going to heat the
welded parts have not found practical application due to their low processability.
However, the idea of the redistribution of heat has been realized recently in
connection with the use of self-shielded flux-cored wires. It turned out that the
melting of its metal shell and the mixture containing metal alloying elements
requires more thermal energy of the arc than when melting solid welding wire.

The distribution of heat energy during welding to a large surface of the parts
being welded plays the role of their concomitant heating, which reduces the cooling
rate of the metal, especially the zone of thermal influence. At the same time, the
probability of formation of a non-equilibrium quenching structure in the welded
metal, and hence the appearance of welding stresses, is significantly reduced.

It should be noted other positive results of the application of arc control by
means of an external electromagnetic field and oscillation of the electrode. First of
all, these techniques contribute to the separation from the end of the melting
electrode droplets of liquid metal smaller than without the use of these techniques.

It is known that with the drop-by-drop transfer of a liquid metal, the stability
of arc burning increases and the possibilities for mastering alloying elements are
improved. In addition, the mixing of the metal in the liquid metal bath in the
forming weld is increased, which contributes to increasing the uniformity of the
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metal and the formation of fine-grained structures, which, in turn, improves the
mechanical characteristics of the weld.

As already noted, due to the traditional method of mechanized welding, the
reduction of arc power is achieved by reducing the welding current by reducing
the feed rate of the welding wire by controlling the electric motor of the feed
mechanism. This increases the length of the arc and its electrical resistance,
which leads to a decrease in the welding current. However, an increase in the
length of the arc is possible to a certain limit, after which an arc break occurs.

To prevent this effect, it was proposed to increase the electrode reach at a
constant welding wire feed rate by moving the welding current inlet point to it.
But it was not possible to significantly increase the electrode reach, since a
disorderly wandering of the end of the softened welding wire occurs, which
causes instability of the arc and splashing of the electrode metal.

The methods, mentioned above, for reducing the welding current have another
major drawback - a small range of variation of the welding current, which does not
allow to achieve a tangible effect of reducing the thermal power of the arc.

Thus, all of the above methods for changing the thermal regime of mechanized
welding at a constant value of the welding current (and hence the arc power), i.c.
on stationary mode, although they gave positive results, they did not find wide
distribution due to their inherent flaws. Therefore, another direction of controlling
the heat flow of the arc is attracted by applying a non-stationary welding mode, in
which a forced periodic change of the mode parameters is performed, which leads
to a similar change in the arc power. In accordance with accepted terminology,
such welding can be attributed to pulsed arc welding [2—4].

One of the first proposals in the field of pulsed arc welding in the early 80s of
the last century was a method of welding with modulated current [3, 4], the
analogue of which is the modulation technique in radio engineering.

The implementation of this method was carried out by exposing the power
circuits of the welding current source, in particular, by periodically applying a
pulse to the low value of the welding current from an additional low-power
power source. In this case, a pulsation of the parameters of the welding arc, i. e,
welding current and stress, occurred.

Studies [1-4] showed that the pulsation of the arc leads to a significant
reduction in the influence of the thermal field of the arc on the weld, a favorable
change in the thermal cycle of formation of the properties of the weld metal and
the zone of thermal influence, the refinement of the metal structure, and the
likelihood of welding stresses.

In the development of the considered modulation method, it was proposed to
act not directly on the welding chains, but on the feed rate of the welding wire.
Namely, with a certain periodicity, briefly reduce the feed rate of the welding
wire by controlling the feed mechanism from the nominal value to a value that is
lower than the minimum required for stable arc burning (until the feed stops),
followed by restoring it to the nominal value. But at the same time, the delivery
time with a reduced speed was selected in such a way that the arc did not have
time to break due to the inertia of the change in the welding current as compared
with the change in the feed speed. In this mode, the filing of the welding wire,



ISSN 2410-2547 153
Omip matepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2019. Ne 102

the average value of the welding current, and hence the thermal power of the arc,
is less than with a stationary feed.

The practical implementation of the considered welding wire feed has
confirmed its effectiveness. However, the results turned out to be more modest
than expected due to the large inertia of the control of the feeder, consisting of an
electric motor as a drive and a mechanical gearbox [8].

Vwﬂ
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Fig. 1. The sequence diagram of the additive method of welding wire

However, in the process of research and practical application, the
disadvantages of these techniques and devices for their implementation were
identified. In particular, there was a deformation of the welding wire, especially
when using flux-cored wire, the electrode wire went out of engagement with the
feed rollers, which disrupted the process of its feeding, and, consequently, the arc
stability deteriorated. In addition, it is difficult to regulate the feed mode (pulse
time, pauses, their frequency).

These drawbacks are absent with the additive method of welding wire. Its
essence lies in the fact that the change in the feed rate of the welding wire is
achieved by periodically applying a constant amplitude of the pulse acceleration of
a certain amplitude and frequency (Fig. 1), that is, we can say that the mechanical
modulation of the welding wire feed is performed. This technique allows you to
significantly reduce the constant component of the feed rate of the welding wire
and, ultimately, the thermal power of the arc. The value of the constant component
of the feed rate of the welding wire may be less than the critical value necessary to
maintain stable arc burning in the traditional method of mechanized welding.

It should also be noted that with a decrease in welding current, the diameter
of the arc column also decreases, as a result of which the thermal effect of the arc
on the base metal of the parts being welded decreases, i.e. zone of thermal
influence width decreases:

der :1,6(\/1_3/@), @)

where [ — the arc current, Uy — the arc stress.

For the implementation of the proposed method of filing the welding wire
was proposed an appropriate feed mechanism (10).

At the same time, it should be noted that, despite the presence of certain a
priori information in the field of modulated-current welding and the use of self-
shielded flux-cored wire, it is not possible to decide on its basis the feasibility of
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using this technology to produce welded joints of parts. First of all, a priori
information about the study of welding with modulated current mainly concerns
welding in carbon dioxide and in most cases with respect to pipeline welding,
therefore, not all conclusions from these studies can be directly applied to
welding with self-shielded cored wire.

Many aspects of current-modulated welding with self-shielded cored wire are
not disclosed. In particular, the mechanism of formation of service properties of
a welded joint has not been studied, there are no data on the impact of this
technology on the strength properties of a welded joint, the nature of the
influence of regime parameters on the technological parameters of the welding
process and the formation of weld metal and zone of thermal influence. As a
result, there are no reasonable recommendations on the welding process. There is
no technical and economic assessment of the feasibility of the practical
application of this technology.

Therefore, despite the indication of a priori information about the prospects
of using mechanized welding with modulated current of self-shielded cored wire,
experimental studies are needed to confirm the possibility and determine the
feasibility of using it to obtain welded joints of parts.

In this regard, experimental studies were conducted during which a
comparative evaluation of mechanized welding with self-shielded flux-cored
wire with mechanized welding and current-modulated flux-shielded self-shielded
wire was performed.

Experimental studies were carried out by applying single rollers on a steel
plate (roller test method). In this case, the aim of the work was first of all to work
out the modes of the proposed welding method and their influence on the
properties of the weld metal. In the course of research, it was found that by
controlling the welding modes of the modulated current without changing the
idling stress of the source and the average wire feed speed, it is possible to
achieve various properties of the weld. In this case, a controlled process of
formation of a welded joint occurs (Fig. 2) by influencing the frequency and
amplitude of the modulation. Also, in the course of statistical processing of
experimental data, mathematical models were obtained of the influence of
welding modes by modulated current on the properties of a welded joint. For
example, the hardness (3) of the weld metal (Fig. 3):

H=3573+ 3,932-x;+ 0,6096-x,+ 1,578x3— 0,5124-x4+ 0,8737-x5— 0,7565x1 x5+
+1,379x1x3 — 0,626:x1 x4+ 1,653 x1x5—0,7148x5°x3+ 0,0068-x5x4+ 1,863 xp x5+
+0,6023'.7C3'X4 — 0,9306'363')65 — 1,038'364')65 — 0,158')&'12— 0,263'x22+ 2,467')632—

— 0,6114')&342— 1,13 X52, (3)
where H — the seam hardness, HRC; x; — no-load stress of the welding source U,
B; x, — welding speed Vg, m/s; x3 — base wire speed Vpp, m/s; x4 — modulation
amplitude 6, mm; x5 - modulation frequency f, sec’!.

The analysis of a priori data and the conducted research shows that the use of
mechanized welding with controlled feeding of welding wire according to the
additivity principle stated above using self-shielded flux cored wire will allow
achieving the following technological effects compared to the traditional method
of mechanized welding:
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- reduce the heat input of the electric arc into the welded joint and thereby
change the thermal cycle of formation of properties of the weld metal and heat
affected zone, which contributes to the formation of a more favorable metal
structure, reduces the likelihood of welding stresses and various defects in it, and
also reduces the width of the zone of thermal influence;

- to improve the conditions of alloying of the molten metal due to more
atomized transfer of the electrode metal;

- to increase the arc stability at low values of the welding current;

- to increase the degree of grinding of the structure of the weld metal and
3TB and the degree of its homogeneity due to the influence of the pulsating
thermal field; increase the hardness of the weld metal.

Weld height depending on the welding method and mode Joint P gonthe and mode
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Fig. 2. The influence of the welding method on the height and width of the seam

All of the above suggests that the use of modulated current mechanized
welding technology will significantly improve the quality of the welded joint.

Fig. 3. Influence of modulated current welding modes on weld metal hardness
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Conclusion. The analysis of the physicomechanical properties of the welded
joint showed that it is not homogeneous in its quality and has a complex zonal
structure. The formation of the properties of welded joint zones is interrelated
and due to the complex interactions of endogenous and exogenous factors that
influence their formation.

To substantiate technological solutions aimed at increasing the strength of
welded joints, a research methodology has been developed based on the theoretical
determination of cause-effect relationships between the main properties of welded
joint zones and the factors that form them. As a result of the study, it has been
established that the resistance of a welded joint is determined by the properties of
the metal of the formed zones, which are formed under the influence of a complex
of physicochemical, mechanical, electromagnetic processes occurring when an
electric arc is applied to the base metal, filler material and protective medium, and
its environmental impact (atmosphere, quality of the welded surface). The intensity
of the arc depends on the welding method and its mode.

The conducted research allowed to develop a set of technological measures
aimed at increasing the soil quality of welded structures. It was established that:
in the applied method of mechanized welding, the power of the arc, necessary for
its stable combustion, is excessive for parts. The thermal cycle of heating and
cooling a welded joint occurring in this process contributes to the formation of a
heterogeneous structure of its metal with insufficient physical and mechanical
properties and increases the likelihood of welding stresses and, as a consequence,
various kinds of structural defects.

The results of the studies made it possible to substantiate the possibility of
controlling the heat flux of the arc by using non-stationary welding modes, under
which a forced periodic change of the parameters of the welding mode is
performed, and to choose a welding method.
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Hayenxo LI1., Koyiopyba B.I., Mipuenxo B.1., Tkau .M., Tpueybenro C.C., lluwanos M.O.
YIIPABJIIHHS BJJACTHBOCTSIMU MILITHOCTI 3BBAPHUX 3'€ITHAHb ITPU
BUI'OTOBJEHHI BYAIBEJIbHUX CTAJTEBUX KOHCTPYKIIA

Sk 3arajgbHO BIiZOMO B Iepiof OYpXJIMBOrO PO3BUTKY JIIOJACTBA Ta IHAyCTpiaizauii BHHHKIA
HarajpHa mortpeba B OymiBHMULTBI 0araTONOBEpPXOBHX Ta HaAMIUHHMX OyaiBenb. Y 3B’S3Ky 3 LHM
MOHAJ CTOJITTSI CTajieBi KOHCTPYKIII € HEBiJ’€MHOK YacTHHOI cropyd. B mepiox GypxiuBoro
PO3BHUTKY OYMiBHHLTBA /Ul 3’€[HAHHS METAJICBHX JETajell BHKOPHCTOBYBAJIMCH Pi3HI TEXHOJIOTII,
croyaTky ue Oyino kiemaHHs Ta OonroBi 3’eqHaHHs, a HapyOexi 20-30 pokiB XX cromitTs
IOCTYIIOBO CTAJI0 BUKOPHCTOBYBATHCS 3BAPIOBAHHSI.

Ha panmii uyac monax 70% crajneBUX KOHCTPYKLiM BHUIOTOBJICHO 3a  JOIOMOIOI)
CJIEKTPOAYroBOro 3BaproBaHHs. ToMy [0 sKOCTi X BHUIOTOBJICHHS Ta MOKA3HUKIB MIiLHOCTI
BUCYBAIOThCS IMiIBUIIEHI BUMOrH. L[e MOB’S3aHO 3 THM IO 33 CBOIMH BJIACTUBOCTSMH, XiMiYHUM
CKJIAJIOM Ta MIKPOCTPYKTYPOIO BOHHM BiJIpi3HSAFOTHCS BiJl OCHOBHOTO METally KOHCTPYKLIi.

B niporieci OyaiBHUITBA MIHPOKO 3aCTOCOBYIOTHCS Pi3Hi CIIOCOOH €IEKTPOIyTroBOro 3BaproOBaHHs,
K pyd4He TaKk 1 HamiBaBTOMaTHYHE (MexaHi3oBaHe). B sKkocTi 3BaproBalbHHUX MarepiajiB
BUKOPUCTOBYIOTB: IUTYYHI €JIEKTPOH, CTAJIECBY IPOBOJIOKY Ta CAMO3aXHCHY IOPOIIKOBY IIPOBOJIOKY.
B paniii crarTi 3HAYHY yBary MpPUIUIAETBCS MEXaHI30BAHOMY €JIEKTPOJIYrOBOMY 3BaplOBaHHIO
HIOPOLIKOBOIO CAMO32aXHCHOIO IIPOBOJIOKOIO.

Ha panmit yac TexHoiorii 3BaproBaHHS, SIKI BHKOPHCTOBYIOTBCS HE 3aBXKIOHM 03BOJLIIOTH
peasizyBaTu MOTEHLIaJ, SKUH 3aKIaJCHUH B JaHy Ipymi 3BaproBalbHHX MatepianiB. Kpim mporo
CydacHi Croco0OH 3BaprOBaHHs XapaKTePU3YIOTHCS BEJIMKMM TEIUIOBKIAICHHS B Jerali i 3BapHi
3'enHaHHs. Y 3B'I3KY 3 UM B CTATTi PO3MLIHYTI LULIXM MiABHIICHHS TEXHOJIOTTYHHX MOXINBOCTEH
MeXaHi3OBaHOFO 3BaprOBaHHA IOPOIIKOBHM JPOTOM IUIAXOM BIPOBAKCHHA Yy Bl/lp06Hl/lL[TBO
OyaiBebHUX CTAICBUX KOHCTPYKLIH MEXaHI30BaHOTO 3BapIOBAHHS MOIY/IbOBAaHUM CTPYMOM.

KutrouoBi ciioBa: 3BapioBaHHs, caM03aXHCHA MTOPOIIKOBA [POBOJIOKA, Ayra, HANPYKEHHS, CHIIA
CTpyMy, [l0fiaya APOTY, 3BapeHe 3'€AHaHHS, 30Ha TEPMIYHOIO BILIMBY, CTPYKTYpa METAJy, MILHICTh
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Ax gidomo 6 OYOigHUYmMEI WUPOKe 3ACMOCY8AHHSI 3HAUWIO MEXAHI308aHe 36aPIOGANHS
NOPOWKOBOIO  CAMO3AXUCHOIO — npogookoio.  [Ipu  yvomy  cnocobu  36apioeamns, — AKi
BUKOPUCIMOBYIOMbCS He 3A6COU 00360I0Mb Pedizyeamu NOMenyian, SKUtl 3aKiadenull 6 0amy
epyni 3eapioganbuux mamepianie. Kpim yvoco cyuachi cnocobu 36aplosamus Xapakmepuszyomscs
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6eIUKUM MENN0GKAA0eHHs 6 Oemani I 36apHi 3'conanms. Y 363Ky 3 yum 6 cmammi po3ensaHymi
WIAXU  NIOBUWEHHA MEXHONOIYHUX MOMNCIUBOCMEN MEXAHI308aHO20 36APIO6AHHIA  NOPOUIKOBUM
OpoOmoM — WIIAXOM — GNPOGAOJICEHHS Y — GUPOOHUYMEO  OVOIGENbHUX — CMANEGUX  KOHCMPYKYIU
MEXaniz08an020 36aplo6anHs MOOYIbOBAHUM CIPYMOM.

In. 3. Bi6uxior. 10 Ha3B.
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