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Abstract. Chemical composition of weld metal and properties of a joint weld are dominated by
the processes occurring in the drop of molten electrode metal and in metal of the weld pool.
Under certain conditions in consumable electrode welding with jet gas shielding the drop of
electrode metal is influenced significantly both by main forces and the force of gas-dynamic
impact of the shielding gas jet. The results of research have revealed that changing rate of
shielding gas flow on the nozzle section influences the processes taking place in the welding
area. There are changes in the transfer frequency of electrode metal drops and chemical
composition of weld metal.

Introduction

Welding processes progress fast according to complex physical and chemical laws at high
temperature. Diverse factors and phenomena dominate properties of joint welds. Formation of the
structure and phase state of metal to be jointed depend on its chemical composition and conditions of
thermal impact (mode and conditions of welding) [1-12]. Processes taking place in the drop of
electrode metal and in metal of the weld pool are very important for properties of joint welds [1, 2, 3,
13]. The rate and character of physical and chemical processes in the drop of electrode metal influence
properties of a weld and its chemical composition [12, 13].

The electrode metal transfer depends on various factors in the welding area. It is well-known [1, 3,
11] main forces like pressure force of arc plasma flows, surface tension force, reactive force of
evaporating metal and emitting gas, gravitation force and electro-dynamic force effect on the drop of
molten electrode metal when consumable electrode welding with traditional one-jet gas shielding.
Components of these forces are dominated by the conditions of arc burning, electrode materials,
welding current strength, arc voltage, traverse speed of filler wire and drop. The most forces depend
on the size of electrode metal drop and its location relative to the weld pool. These forces, depending
on their direction, can either block or further the transfer of electrode metal.

When consumable electrode welding with jet gas shielding in certain conditions the drop of
electrode metal is influenced significantly both by main forces and the force of gas-dynamic impact of
the shielding gas jet [2, 12], which depends on the mode and composition of gas shielding in the
welding area, and the rate of shielding gas flow from the nozzle. Considerable influence of this force
and the rate of gas flow have been revealed in conditions of two-jet gas shielding in CO, [12, 14].
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Methodology
The force of shielding gas impact Fg depends on the rate of shielding gas flow from the nozzle; it is

directed along the electrode towards the workpiece to be welded, and supports positioning of the drop
along the electrode axis (Fig. 1).
The pressure on a drop is assumed to be equal to the pressure on the nozzle section in order to
describe how the shielding gas jet influences the drop of electrode metal.
The gas pressure on the nozzle section was calculated by formula [15]:
bV?

2, M
where b — density of gas, kg/m’, V — flow rate, m/s.

pP=

The flow rate was determined by formula:
V=G/S, 2)
where G — consumption of shielding gas, m’/s; S —area of nozzle section, m’.

The force of shielding gas impact on the drop of electrode metal was measured by formula [12]:

F, =Pc 2m 1l —r. 3)

where P — pressure of shielding gas on a drop surface, Pa; r, — a drop radius, m; r,, — a filler wire
radius, m; ¢, — aerodynamic drag coefficient of a sphere, ¢, = 0.48.

drop

b)
Figure. 1. The impact force of shielding gas jet on the drop: a) traditional one-jet gas shielding;
b) two-jet gas shielding

The flow rate of shielding gas from the nozzle was determined, as well as the force of shielding gas
impact on the drop of electrode metal was calculated. Comparative calculation was carried out for
traditional one-jet (conic nozzle) and the proposed two-jet gas shielding (Tabl. 1). Shielding gas - CO,,
density of gas b =1.97 kg/m’, consumption of gas Q = 20 I/min.
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Results and Discussion

The results of calculation have stated that the rate of gas flow increases by 2.1 times when leaving the
nozzle and the force of shielding gas impact augments by 4.39 times (similar consumption of gas) in
conditions of double-jet shielding as against one-jet shielding (conic nozzle) [16, 17].

Table 1
The rate of gas flow on the nozzle section and the force of shielding gas jet impact
Section area S, Rate of flow V, Force of shielding gas jet
Method mm’ /s Fg, H*10*
One-jet 173 1.93 5.02
Double -jet 82 4.05 22.04

An experiment was carried out to verify data obtained in calculations. In laboratory conditions rates
of shielding gas flows were measured on the nozzle section by thermal mass flow meter Dwyer Series
471 provided that consumption of gas is different (Tabl. 2).

Table 2
Calculated and experimental rates of shielding gas
Cpnsu Calculated gas rate, m/s Experimentally obtained gas rate, m/s
mption,
I/min Traditional Double-jet Traditional Double-jet
10 0.97 2.02 0.94 1.96
20 1.93 4.05 1.83 3.95
30 2.89 6.07 2.7 5.82

Having compared calculation and experimental data, relative error was revealed not to exceed 10%,
the developed model for calculation of shielding gas flow from the nozzle provides appropriate
accuracy when solving tasks of steady-state reaction of axially symmetrical jet of shielding gas with
the environment (volume consumption is different) [16, 17].

The determination of the influence of shielding gas flow rate on chemical composition of weld
metal in consumable electrode welding in CO, required a fill-scale experiment. When experimenting,
a weld bed was made on a 10 mm steel 40X plate by filler wire Sv-08G2S with diameter 1.2 mm in
shielding gas CO,. One-jet (conic nozzle) and double-jet gas shielding were used for welding a weld
bed. Welding mode: [=150 A, arc voltage U = 24 V, filler wire extension L=12 mm, consumption of
shielding gas Q=20 I/min. The experiments were carried out in similar conditions and modes, the
speed of welding V = 3.3 mm/s. The source of power supply VS-300B, welding machine VD-1500.

In the process of experiments oscillograms of electric current and voltage were recorded by digital
oscillograph Agilent Technologies DSO1012A.

The oscillograms show there is an increase in the gas-dynamic impact on the drop of electrode
metal, as well as in the transfer frequency of drops from the filler wire into the weld pool due to the
growing rate of gas flow from the nozzle, whereas metallurgical processes get less intensive and it
takes less time for the drop to be transferred into the weld pool (Fig. 2).
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Fig. 2. Oscillograms of electric current and voltage: a) traditional one-jet gas shielding; b) double-jet
gas shielding

Tests were carried out to identify chemical composition of the deposited metal (Tabl. 3).

Table 3
Chemical tests of deposited metal

Mass concentration of elements, %
c | Mn | Si | Fe | Cr | Ni
Traditional one-jet gas shielding
0.12 | 092 | 023 | 97.89 | 042 | 0.10
Double-jet gas shielding
0.12 | 0.85 | 020 | 97.98 | 041 | 0.10

The boiling temperature, as well as evaporation heat of manganese are the lowest ones (Tabl. 4) of
all alloying elements in the chemical composition of filler wires. Therefore, in welding (filler wire Sv-
08G2S) at approximate temperature 3300 K, it evaporates and oxidizes on the drop surface [13].

Table 4
Thermodynamic properties of elementary substances (normal conditions) in the chemical

composition of filler wire [18]

Substance
Property . . C .
Mn Si Cr Ni Fe graphit
e

Density, g/cm’ 7.21 2.33 7.19 8.9 7.87 2.25
Melting temperature, K 1517 1688 2130 1726 1812 3820
Boiling temperature, K 2235 2623 2945 3005 3134 5100
Evaporation heat, kJ/mole 221 383 342 378.6 340 -

The increase in the flow rate and number of particles, reacting with the drop surface, results in high
burn-out of silicon and manganese [2, 12, 13].

In welding with two-jet gas shielding the rate of gas flow is 2.1 times higher than with one-jet
shielding in conditions of this experiment, so a lot of manganese is removed from the drop surface.
Therefore, electrode metal with lower concentration of manganese is transferred into the weld pool.

Increasing CO, consumption when welding leads to the decrease in manganese concentration in the
drop in any conditions of gas shielding [12, 14].
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A lot of researchers [1-5, 10, 13, 14 etc.] point out at more advantageous conditions for molten
metal reaction with gases and slag even at the stage of a drop but not in the weld pool. It is stated in
[13] specific surface of molten filler metal drops is 5-22 times more extended (relative to the size of
drops) as against that of the weld pool, and the specific rate of their oxidation is approximately 39
times higher. In terms of the mentioned above a conclusion can be made it is chemical composition of
weld metal that influences mainly the composition of filler metal drops. The change in chemical
composition of weld metal results in modification of operational characteristics of a joint weld.
Varying manganese concentration in weld metal has a significant effect on its plasticity and impact
strength [12, 14, 18-19].

Double-jet shielding causes the increase in the force of active shielding gas impact on the filler
metal drop and surface of the weld pool. When varying the gas-dynamic impact (consumption and rate
of gas flow), transfer of filler metal drops, stability of the welding process, as well as chemical
composition of weld metal, thermal and other processes in consumable electrode welding can be
controlled, and required properties of joint weld can be formed [2, 14, 16, 17].

Conclusion

To sum up, in consumable electrode welding in CO, the rate of gas flow from the nozzle has a
significant effect on the drop transfer and chemical composition of weld metal. Accurately selected
gas shielding method (double-jet shielding) and consumption of gas allows of controlling the filler
metal transfer and chemical composition of weld metal, making the process of welding uninterrupted,
and forming necessary properties of joint welds.

The work is performed with financial support of the Russian Foundation for Basic Research. Nel6-
38-00194 mol_a.

References

[1] Welding and welded materials: In 3 v. V. 1. Weldability of materials: reference book / edited by
E.L. Makarov. Metallurgy, 1991 528 p.

[2] Chinakhov D.A., Zuev A.V., Filimonenko A.G. Gas-dynamic Impact of a Shielding Gas Jet on the
Drop Transfer When Welding with a Consumable Electrode. Advanced Materials Research
Vol. 1040 (2014) pp. 850-853.

[3] Lenivkin V.A., Dyurgerov N.G., Sagirov H.N. Technological properties of a welding arc in
shielding gases. M.: Machinebuilding. 1989. 264 p.

[4] Shorshorov M.H. Metal science of steel and titanium alloys. «Science» Press. 1965. 337p.

[5] Livshits L.S., Khakimov A.N. Metal science of welding and thermal treatment of joint welds. —
2nd revised and enlarged edition. Machinebuilding. 1989. 339p.

[6] Brunov O.G., Solodskii S.A, Zelenkovskii A.A. Conditions of arc ignition in welding in shielding
gases. Welding International. 2012. V. 26. 9. P. 710-712

[7] Krampit A.G. Calculation of the parameters of narrow gap pulsed arc welding of the root layer //
Welding International. Volume 28, Issue 7, July 2014, P. 547-550.

[8] Frolov V.V. Theory of welding processes. M.: Higher school. 1988. 559p.

[91 Rykalin N.N. Calculations of thermal processes in welding. Mashgis. 1951. 296 p.

[10] Beresovsky B.M. Mathematical models of arc welding: in 7 v. V. 4. Fundamentals of thermal
processes in welded workpieces. Chelyabinsk: YuUrGU Press. 2006. 547 p.

[11] Brunov O.G. , Solodskii S.A. Physico-mathematical modelling of the transfer of electrode metal
droplets into the weld pool. Welding International. 2009. V. 23. 12. P. 930-933.

[12] Chinakhov D.A. Calculation of Gas-dynamic Impact of the Active Shielding Gas on the Electrode
Metal Drop in Gas Jet Shielded Welding. Applied Mechanics and Materials. Vol. 379 (2013).
Pp. 188-194.

[13] Novozhilov M.N. Fundamentals of metallurgy of arc welding in gases. Machinebuilding. 1979.
231p.



VII International Scientific Practical Conference "Innovative Technologies in Engineering" IOP Publishing
IOP Conf. Series: Materials Science and Engineering 142 (2016) 012005 doi:10.1088/1757-899X/142/1/012005

[14] Chinakhov D.A. Gas Dynamic Control of Properties of Welded Joints from High Strength Alloyed
Steels. China Welding. Vol. 23 No.3 (2014) pp. 27-31.

[15] Novikov O.M., Rad’ko E.P., Ivanov E.N., Ivanov N.S. Development of a new technology of
shielding gases arc welding on the basis of gas flows pulsations and ionization potentials.
Welder-professional. 2006. 6. P. 10-13, 16.

[16] Chinakhov D.A., Chinakhova E.D., Gotovschik Y.M., Grichin S.V. Influence of welding with two-
jet gas shielding on the shaping of a welding joint. IOP Conf. Series: Materials Science and
Engineering 125 (2016) 012013. doi:10.1088/1757-899X/125/1/012013.

[17] Chinakhov D.A., Grigorieva E.G., Mayorova E.I.  Study of gas dynamic effect upon the weld
geometry when consumable electrode welding. IOP Conf. Series: Materials Science and
Engineering 127 (2016) 012013. doi:10.1088/1757-899X/127/1/012013.

[18] Bigeev A.M. Steel metallurgy. Study guide, 2nd edition, Moscow, Metallurgy, 1988.

[19] Prokopenko S.A., Ludzish V.S., Kurzina I.A., Sushko A.B. Results of industry testing of multiple
use rock-cutting picks// Gornyi zhurnal/ Mining Journal, 2015, Ne5, pp.67-71.





