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The study investigates the influence of welding parameters using a double-jet gas shielding technique on the
microstructure and mechanical properties of welded joints made of 30KhGSA alloy steel, which is highly
susceptible to hardening and cold cracking. The purpose of the work is to improve the welding process with a
consumable electrode in a CO, environment by applying a controlled dual-jet gas flow that stabilizes the weld pool,
reduces thermal inhomogeneity, and eliminates the need for preheating and post-weld heat treatment. The
methodology included multi-pass welding of tubular joints using traditional shielding and the proposed double-jet
configuration, followed by optical microscopy, microhardness testing, and comparative analysis of structural
transformations within the weld metal and heat-affected zone. The results show that the double-jet shielding mode
produces a finer and more stable ferrite-pearlite structure, ensures better mixing of the weld pool, and significantly
reduces structural gradients across the joint. Welded samples obtained with the proposed technique exhibit higher
tensile strength and microhardness values compared with the conventional method. The originality of the research
lies in demonstrating that controlled dual-jet gas flow can effectively regulate heat transfer and chemical
composition in the weld without additional thermal operations. The practical value is the development of an energy-
efficient and resource-saving welding technology that improves the performance and reliability of welded alloy-steel

structures.

INTRODUCTION

Medium carbon alloy steels have a high set of
operational properties and are used for the production of
critical welded structures [1-4]. They provide high
structural strength while simultaneously reducing its
metal consumption. However, under the influence of the
thermal cycle of welding [5, 6], hardened structures are
formed in the heat affected zone (HAZ) of welded
joints, characterized by high hardness values at low
viscosity [7, 8]. Therefore, the HAZ accounts for the
largest share of cold cracks formed during the welding
process [9].

To prevent the formation of cold cracks and increase
the operational reliability of welded structures made of
steels susceptible to hardening, as a rule, additional
operations are used, which complicate the technological
process and increase the cost of manufacturing welded
structures [10-14]. In domestic and foreign practice,
preheating and post-welding heat treatment are widely
used for this purpose [15, 16]. This welding technology
allows you to reduce the cooling rate of the weld metal
and HAZ, increase the time for structural
transformations in the welded joint [17-19]. The use of
preheating and heat treatment is associated with
additional costs of various resources [20, 21].

PURPOSE AND TASK STATEMENT

The aim of the work is to improve the welding
process with a consumable electrode in a shielding gas
environment and thereby investigate the structure and
properties of non-separable joints.
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To achieve the goal, the following tasks were
defined:

1. Determine the degree of influence of the active
shielding gas jet on the chemical composition and
geometry of the weld metal.

2. To investigate the basic patterns of formation of
the structure and properties of non-separable joints
depending on the technological parameters of welding
with a consumable electrode with double-jet gas
protection, under which the stability of high operational
properties is ensured.

MATERIALS AND METHODS
OF THE STUDY

The study was conducted on medium-carbon alloy
steel 30KhGSA, widely used in high-strength welded
structures. The following materials were used:

Pipes with 90 mm diameter and 20 mm wall
thickness; groove preparation — 8 mm slot; welding wire
Sv-08G2S, ¥ 1.2 mm.

Two welding technologies were compared:

Method | — Traditional — consumable-electrode arc
welding in CO,; preheating to 350 °C; post-weld heat
treatment at 600 °C.

Method Il — Developed arc welding in double-jet gas
shielding; no preheating; no heat treatment.

Equipment: welding power source TDFZh-1000;
automatic welding head A-1420; shielding gas — CO,;
metallographic microscope NEOPHOT-21;
microhardness tester PMT-3.

In the developed method:
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- the inner active gas jet increased melt stirring; the
outer annular jet stabilized protection and reduced
turbulence.

In both methods, mechanized multilayer welding of
the pipe joint was performed.

The traditional method applied a full thermal cycle,
while the developed method ensured accelerated cooling
due to modified gas flow dynamics.

The following structural zones were analyzed: weld
metal; fusion zone; incomplete fusion zone; overheating
zone; normalization zone; base metal (Fig. 1).

Microhardness of Wekt, HAZ, and Base Metal
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Fig. 1. Schematic representation of microstructural
zones

Microhardness was measured 5 mm below the upper
surface of the weld (Fig.2). Measurement error:
+5...7%.

Microhardness Distribution Across Weld Zones
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Fig. 2. Microhardness distribution across the weld

INFLUENCE OF TECHNOLOGICAL
PARAMETERS OF FUSION WELDING
IN JET GAS PROTECTION ON THE
PROPERTIES OF WELDED JOINTS

Structural alloyed steels include steels alloyed with
one or more elements with a total content of 2.5...10%.
Modern alloyed steels are characterized by
multicomponent complex alloying, which allows steels
with high mechanical properties to be obtained. Alloyed
steels used for welded structures mainly belong to the
pearlitic class.

High mechanical properties of structural alloyed
steels are achieved by alloying with elements that
strengthen ferrite and increase the annealing of steel,
and by proper heat treatment, after which the positive
effect of alloying elements is manifested. Therefore,
steels of this group are subjected to improvement by
qguenching with subsequent tempering. With high
strength properties, alloyed steels after appropriate heat
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treatment are not inferior in plasticity and toughness,
and in some cases even surpass such a plastic material
as low-carbon steel.

Structural alloy steels are widely used to create
lightweight high-strength welded structures. However,
not all structural alloy steels weld well or satisfactorily.
The more the steel is alloyed with chemical elements
(including carbon), which contribute to the formation of
a brittle martensite structure in the thermal cycle of
welding, the worse the weldability of this steel under
other conditions being equal (melting method, type of
joint, thickness of the part being welded, etc.). A
characteristic feature of structural medium-carbon alloy
steels is the formation of hardening structures in the
weld and HAZ, which create the risk of brittle fracture.
The resistance of welded steel to the formation of cold
cracks depends on many factors and is determined both
by the features of the welding process and the properties
of the base and filler metal. A typical representative of
steels of this class is 30KhGSA steel. The influence of
various welding methods and techniques on the
performance properties of this steel is an interesting
object of research in order to determine the best
technological parameters and welding conditions that
ensure high-quality uniform formation of welded joints,
and to develop resource-saving welding technology.

Based on the results of a complex of conducted
research, a method of multilayer welding of alloy steels
with double-jet gas protection of the welding zone
without heating and subsequent heat treatment was
developed.

The developed welding method ensures the stability
of the internal gas jet supplied, reliable protection of the
welding zone, reduces gas turbulence in the near-seam
zone. Control of the dynamic influence of the internal
shielding gas jet on the processes in the welding zone,
liquid metal drops of electrode metal and the weld pool
leads to a change in the heat and mass transfer processes
in the welding zone and intensive mixing of the molten
electrode metal with the base in the weld pool. The gas
exhaust rate increases and reduces the time the weld
metal and HAZ stay in the high-temperature zone. The
external annular jet blocks gas turbulence near the
surface of the welded product and provides reliable
protection of the welding zone from the harmful effects
of air.

For a comparative assessment of the operational
properties of welded joints made of 30KhGSA alloy
steel, experimental studies were conducted using the
following welding methods:

1. Basic (traditional) — stationary arc welding with
preheating to a temperature of 3500 °C and subsequent
heat treatment at a temperature of 6000 °C.

2. Developed - stationary arc welding with double-
jet gas protection without preheating and heat treatment.

In each case, mechanized multi-pass welding of a
rotary joint of a pipe with a diameter of 90 mm and a
wall thickness of 20 mm was performed in a CO,
environment in a slot processing with a width of 8 mm
with a welding wire Sv-08G2S with a diameter of
1.2 mm. For welding the samples, a TDFZh-1000 power
source and an A-1420 automatic welding head were
used. The welding modes of the samples using the
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traditional method were determined based on the
analysis of the dependence of the mechanical
characteristics of multilayer welded joints of 30KhGSA
steel on the parameters of the thermal cycle of welding
(Tpoa — preheating temperature; Ty, — temperature of
subsequent heat treatment; lzv — welding current
strength) [3]. For welding samples by methods | and II,
the following mode was selected: Izv = 180...185 A,
Ud = 26...27, Vzv = 14...15 m/h, Qg = 10...11 I/min.

Metallographic studies of samples welded by
method | showed that the weld metal (Fig. 3,a) has a
coarse-grained ferrite -pearlite structure. In the fusion
zone (Fig. 3,b) the transition from the weld metal to the
base metal (incomplete melting area) is clearly visible.
The incomplete melting area (Fig. 3,c) is a Widmanstédt
structure [9]. The boundary of the former austenite
grains is clearly visible. The structure of the overheating
area (Fig. 3,d) is a tempered bainite structure with
ferrite grains.

Fig. 3. Microstructure of a welded joint made of 30KhGSA steel obtained by the first method: a — weld metal;
b — fusion zone; ¢ — incomplete fusion zone; d — overheating zone; e — normalization zone; f — base metal

The enlarged structure of the normalization area
(Fig. 3,e) indicates significant heat input (heat
treatment). The microstructure of the base metal (see

Fig. 3,e) is represented by acicular grains of ferrite and
pearlite. Fig. 4 shows the microstructure of a sample
welded by the 1l method.

Fig. 4. Microstructure of a welded joint made of 30KhGSA steel obtained by the second method:
a — weld metal; b — fusion zone; ¢ — incomplete fusion area; d — overheating area; e — normalization area;
f — base metal

The structure of the weld metal is a mixture of
grains of ferrite and pearlite (see Fig.4,a). The
transition from the deposited metal to the base in the
fusion zone (see Fig. 4,b) indicates good mixing of the
molten metal in the weld pool. This ensures high
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performance of the welded joints. In the area of
incomplete fusion (see Fig. 4,c), ferrite grains of an
elongated shape are found. The structure of the
overheating area is shown in Fig. 4,d, and is most likely
characteristic of a bainite structure with ferrite layers.
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The structure of the normalization area (see Fig. 4,€)
is characterized by small equiaxed grains of ferrite. The
base metal (see Fig. 4,f) has needle-shaped grains of
ferrite and pearlite.

Fig. 5 shows a graph of the change in microhardness
in the cross section of the welded joint obtained by
method |. The measurement was carried out at a
distance of 5 mm from the upper surface of the welded
joint. The graph shows that the microhardness in the
HAZ has an increased value compared to other areas
[4].

The average values of the microhardness of the weld
metal, heat-affected zone, and base metal are 1824,
3091, and 2823 MPa, respectively.

L

Fig. 6 shows the change in microhardness in the
cross section of a welded joint obtained by welding with
double-jet gas protection. The measurements were
carried out at a distance of 5 mm from the upper surface
of the welded joint.

Fig. 6 shows that the microhardness in the HAZ also
increases compared to other areas, for example, in
relation to the base metal it increased by approximately
19%, taking into account the measurement error. The
average values of the microhardness of the weld metal,
the heat affected zone and the base metal are respectively:
1952, 3481, 2913 MPa. The relative error is £7%.
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Fig. 5. Change in microhardness in the cross section of a welded joint made by method |
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Fig. 6. Change in microhardness in the cross section of the welded joint obtained by method Il

Fig. 7 shows the change in microhardness in
multilayer joints along the axis of the weld metal
depending on its depth. Increased values of
microhardness of facing layers and its decrease in the

s 4

"
I —— ‘
. 2 e -
v 1
2 s
© \
.
"
£
0
g o8
=

) ¢ ' ¢

Depth,mm
a

middle layers of welded joints are associated with the
effect of autoheat treatment in multilayer joints. The
high value of microhardness in the root weld is due to a
significant proportion of base metal.
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Fig. 7. Distribution of microhardness along the axis of the weld depending on the depth of the weld:
a—method I; b — method Il

Analysis of the obtained dependencies showed that
with increasing shielding gas consumption, the yield
strength and impact toughness of welded samples
decrease, and the manganese content in the weld metal
decreases. An increase in welding speed leads to an
increase in the impact toughness KCV at +200 °C and
to its decrease at -400 °C, an increase in the manganese
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content and a decrease in chromium in the weld metal.
An increase in welding current in the selected range
increases the temporary resistance to rupture of welded
samples, the content of silicon and manganese in the
weld metal. For all mechanical properties of welded
samples, the joint effect of current and welding speed is
significant. The carbon content in the weld metal of
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multilayer welded joints made of 30KhGSA steel does
not depend on the controlled parameters of the welding
mode.

CONCLUSIONS

1. It has been established that the use of double-gas-
shielded welding in a CO, environment ensures the
formation of a stable ferrite-pearlite structure in the
weld metal with a smaller grain size compared to the
traditional welding method involving preheating and
post-weld heat treatment.

2. Welded joints produced using the double-gas-
shielding technology demonstrate higher mechanical
properties — static strength, microhardness of the weld
metal and heat-affected zones — indicating improved
strengthening and reduced tendency to form brittle
structures.

3. The proposed welding technology is resource- and
energy-efficient, as it eliminates the need for preheating
and post-weld heat treatment while maintaining high
quality and performance of welded joints.

4. Variation of welding parameters (current, welding
speed, gas flow rate) in double-gas-shielded welding
enables targeted control of the weld metal chemistry,
bead geometry, and mechanical properties, ensuring
their stability and predictability.

5. The developed welding method for 30KhGSA
alloy steel minimizes the formation of hardened
structures in the heat-affected zone, reduces the risk of
cold cracking, and enhances the reliability of critical
welded components.
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PECYPCO3BEPITAJIbHE 3BAPIOBAHHS JIETOBAHUX CTAJIEN
3 MOJABIMHUM I'A30BUM 3AXHUCTOM:
BIIJIMB PEXKUMIB HA CTPYKTYPY TA MEXAHIYHI BJIACTUBOCTI

. Tomawesuu, I1. Xmeneecokuii, /I.b. I'nywikoea, B.M. Bonuyk, B.A. bazpos, B.O. Caecnko

JocnipkeHo BIUIMB TEXHOJOTIYHHMX MapaMeTpiB 3BaplOBaHHS 13 3aCTOCYBaHHSIM JIBOCTPYMEHEBOTO Ta30BOTO
3aXHCTY Ha MIKPOCTPYKTYPY Ta MEXaHIuHI BIIACTUBOCTI 3BapHUX 3 €HaHb 3i cTaii 30XI'CA, sika XapaKkTepu3yeTbCs
BHCOKOIO CXHJIBHICTIO JI0 3arapTyBaHHS Ta YTBOPEHHS XOJOAHUX TPillMH. METOI0 JOCIIIDKEHHS € yJOCKOHAJICHHS
npolecy 3BaploBaHHsA IUIaBKUM enekrpogoMm Yy cepenoBumli CO, NUISIXOM BUKOPHUCTaHHS KEPOBAaHOTO
JIBOCTPYMEHEBOTO T'a30BOT0 MOTOKY, IO CTabii3ye 3BaplOBajIbHY BaHHY, 3MEHIIY€E TEIUIOBY HEPIBHOMIPHICTS 1 1a€
3MOTY BIJMOBHUTHCS BiJ TOIEPEIHBOTO MiIrPiBy Ta MiCIA3BapIOBaIbHOI TepMOOOpOOKH. MeTomuka nependadana
BUKOHaHHS 0araToliapoBOr0 CTHKOBOTO 3BapIOBAaHHS TPYO i3 BHKOPHCTAHHAM TPaJHLIHHOTO Ta 3alPONOHOBAHOTO
PEXUMIB Ta30BOTO 3aXHCTy, MOJANBINE MeTajorpadivae JOCIHiIKEeHHS, BUMIPIOBaHHS MIKPOTBEPIOCTI Ta aHaii3
CTPYKTYpPHHUX IIEPETBOPEHb y METaji IIBa i 30HI TEPMIYHOTO BIUIMBY. Pe3ynpTaTd mokasaid, 010 JBOCTPYMCHEBHI
ra3oBHUil 3axucT 3abe3neuye (GopMyBaHHS OPiOHO3EPHHUCTOI CTAOUTBPHOI (PepHTONMEpIiTHOI CTPYKTYPH, MOKpAIIye
MepeMilIlyBaHHS PO3ILUIABICHOTO METaly Ta CYTTEBO 3HM)KYE CTPYKTYPHI I'PaJiEHTH M0 Nepepisy 3 €THaHHs. 3pa3K,
sSKi BUTOTOBJICHI 3a 3allPOIIOHOBAHOK) TEXHOJOTIE€I0, XapaKTePHU3YIOThCS  MiJABHIICHOK MIIHICTIO Ta
MIKpOTBEPJICTIO, SK HOPIBHATH 3 TpaauliiHUM MerojoM. HaykoBa HOBM3Ha poOOTH mojsrae y JOBEICHHI
MOXIIMBOCTI €(EKTUBHOTO KEpyBaHHS TEINIOMAaCOOOMIHOM 1 XIMIYHMM CKJIaJOM MeTajlly IlIBa BHACIIJIOK
KOHTPOJILOBAHOTO JIBOCTPYMEHEBOT'O Ta30BOTO MOTOKY 0€3 T0JaTKOBHX TepMiYHUX omnepauii. [IpakTiHyHa wiHHICTH
noJsArae 'y po3poOJeHHI €Hepro- Ta pecypco3depiraroyoi TEXHOJIOTII 3BaplOBaHHS, IO MiJBUILYE HAIIHHICTh Ta
npanes3aTHICTh 3BapHUX KOHCTPYKIIH 3 JISrOBaHUX CTaleH.
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