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the specific bending strength of the welds executed on the circular contour of the pressure
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The Influence of Submerged arc Welding
Parameters on Bending Strength of Pressure
Vessel Steel P355 N

Cioroaga Bogdan-Dorel *, Emanoil Linul °, Cioati Vasile George * & Dascal Amalia ©

Absiract-To be able to optimize the quality of the welded joints
of products such as pressure vessels, it is necessary to know
the demands to which they are subjected during operation
and the mechanical characteristics that need to be considered
in order to be followed to obtain the best possible quality from
the point of view of mechanical resistance. This paper is
focused on the specific bending strength of the welds
executed on the circular contour of the pressure vessels. The
parameters of the welding regime that are considered are: the
voltage of the electric arc, the intensity of the electric arc and
the welding speed, for which are determined evolution trends
of the bending mechanical characteristics.

These trends are compared with each other, and the
contribution of each parameter is observed, as well as which
has the most pronounced effect on the bending resistance
characteristics. The collection of data regarding the bending
resistance characteristics is carried out with the help of the
stress-deflection curves resulting from the bending testing of
the specimens taken from welded joints under different
welding regimes. The steel that was used as the base material
is a low-alloy, fine-grained carbon steel intended for
construction of pressure vessels called P355 N. The welding
technology used is submerged arc welding, the specimens
being welded in the industry on a semi-automatic welding
machine to eliminate errors involving the human factor.
Keywords: welding, parameter, stress, strength, bending.

[. INTRODUCTION

he submerged arc welding technology is mostly
used in the fabrication of industrial pressure

vessels. To ensure the durability and safety in
operation of products such as pressure vessels that can
work at room temperature or high temperatures,
ensuring good resistance in maintaining the high
pressures that develop inside the vessels it is necessary
that the welded joints have good mechanical properties.
The mechanical properties of the welded joints

are mainly influenced by the applied welding regime,
having as the main parameters the welding voltage, the
intensity of the welding current and the welding speed.
The welded joints found for the fabrication of pressure
vessels are executed in 2 distinct ways, continuous
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longitudinal welding or continuous welding on the
circumference.

The welded joints executed by the longitudinal
welding method mostly support stretching loads, due to
the pressures developed inside the pressurized vessels,
having an effect of uniform stretching of the walls of the
vessels. In the case of the welded joints executed on the
circumference of the pressure vessels, the stresses that
take place are generated by bending loads, the situation
being presented in figure 1.

The pressurized vessels are usually made of
two main parts, the first being the central cover made of
a laminated steel sheet, rolled and closed by
longitudinal welding which can be seen in figure 1, detail
X. The other component is the cap, which is present on
both ends, it is also made of laminated steel sheet,
obtaining its shape by embossing, its connection with
the central cover is made by circular welding on the
exterior round contour. [1]
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Figure 1. Pressure Vessel Joints and Stress Distribution [2]

In this paper the focus will be on determining
the influence of the parameters of the welding regime on
the bending strength of the welded seams using the
technology of submerged arc welding on the P355 N
pressure vessel steel from which the tank wagons for
the transportation of petroleum products are made.

The effects of the parameters of the welding
regime will be compared by means of the stress-
deflection curves resulting from the testing of specimens
for bending tests taken from welded seams using
different variations of the 3 parameters under study. To
carry out the experiments, a set of 4 specimens were
taken for bending tests specific to each welding regime.
The purpose of the experiments is to develop a statistic
regarding the evolution of the bending strength
characteristics of the welded seams depending on the
welding regime parameters. The data obtained is
processed for determining and compare trends in the
evolution of changes in the bending resistance
characteristics of the welded joints, data that can be
used to optimize the welding process, improving
aspects regarding productivity and quality.[3][4]

II. EXPERIMENTAL MATERIAL AND METHODS

To carry out the experiments, welded samples
were made from 6 mm thick plates joined by butt
welding made from P355 N steel, standard SR EN
10216-3:2003. From these samples, bending test
specimens were taken, with dimensions of 250x25x6
with the welded joint arranged in the middle of the
specimen. The welded samples were made in the
industry on a semi-automatic submerged welding
machine, the welds being executed respecting the
following process characteristics.[5][6]

o Welding procedure: Welding under flux with wire
electrode, codification 121, according to standard
EN ISO4063. [7]

© 2023 Global Journals

o Jointtype:

0 Butt welding with full penetration, codification BW,
according to standard SR EN 287-1. [8]

o Welding with root support, codification
according to standard SR EN 287-1. [8]

0 One-pass welding, codification sl, according to
standard SR EN 287-1

o Welding position: Horizontal, codification
according to standard SR EN ISO 6947. [9]

The filler material used in the welding process is
intended for submerged arc welding of a carbon steel,
being a molybdenum-alloyed copper carbon steel,
found in the form of a round section electrode of 3, 2
mm in diameter. The manufacturer of the electrode
classifies it in the material catalogs as type OK Autrod
12.24. [10]

The material that constitutes the protective
environment of the electric arc and the molten weld is a
layer of granular flux. Classified by the is manufacturer
as type OK flux 10.47, being deposited on the welding
joint with an advance before the electrode and later
being collected by suction after the passing of the
electrode, to be recirculated through the deposition
installation which creates a thick layer of approximately
25 mm. [10]

Figure 2 shows an image of the welding
process, it can be seen that the electrode is plugged by
the flux layer during welding process and the way the
flux is deposited and collected during the welding
process. The plate on which the weld is made contains
2 samples from which the specimens were taken for the
bending test.
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Figure 2: The Process of Submerged ARC Welding Samples in the Industry

From one welded sample, 4 bending testing
specimens were obtained, each sample being welded
with a different welding regime. The processing of the
specimens was carried out by the mechanical process
of cutting the sample sheet with the guillotine, in order to
avoid the thermal effects that other mechanical cutting
processes have.

The standard welding regime used in the
industry is the reference base to which the other welding
regimes subject to the study will be related, as well as
their specific strength characteristics. The standard
welding regime parameters are the welding voltage 33
V, welding current intensity 480 A and welding speed 60
cm/min.

The structure of the welding regimes under
study is composed of 3 main parameters each having 3
stages of variation to determine a trend of the evolution
of the strength characteristics depending on the value of
the parameters involved. The classification of welding
regimes subjected to the study is reproduced under the
following structure:

1. Welding regimes that involve the variation of welding
voltage:

o0 22V, 480A, 60 cm/min
o 30V, 480A, 60 cm/min
o 38V, 480A, 60 cm/min

2. Welding regimes that involve the variation of welding
current intensity:

33V, 300A, 60 cm/min
33V, 500A, 60 cm/min
33V, 700A, 60 cm/min

Welding regimes that involve the variation of welding
speed:

33V, 480A, 25 cm/min
o 33V, 480A, 75 cm/min
o 33V, 480A, 125 cm/min

The testing of the specimens took place on an
AQ009 (TC100) universal testing machine of 100 kN
capacity, using a device with two support rollers on
which the specimen was placed and pressed onto the
weld bead with a rounded prism. In figure 3, images
from the testing are shown, where it can be seen how
the bending prism acts on the sample.

w 0o o

o

Figure 3: The Bending Test Process
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The distance between the centre of the support
rollers during testing was 120 mm, the rollers being 40
mm in diameter. The prism pressing on the sample had
a radius of 20 mm in the pressing area. Figure 4 shows
an image of how it was installed the test specimen in the
test device. The testing of a specimen continues until

the weld seam cracks or until the specimen is
completely bent. The tests took place with a pressing
speed of 50 MPa/s, the data acquired by the machine's
data acquisition system are the displacement of the
mobile beam in which the pressing prism is mounted,
and the force applied throughout the experiment. [11]

Bending force

Figure 4: Installation of the Specimen in the Bending test Device

[1I. DATA ANALYSIS AND INTERPRETATION

As a result of the experiments, a set of stress-
deflection curves were obtained, these being 4 for each
welding regime under study, from which a
representative curve was extracted for each group.
Figure 5 represents a comparison between these stress-
deflection curves specific to each welding regime that
was involved in the study.

It can be seen the major difference between the
sets of curves, a group that aims to study the influence

of a specific parameter on the behaviour of welded
joints, subjects to bending loads, is made up of 3
stress-deflection curves that are represented with the
same colour, the line type of the curve represents the
stage of variation for the respective parameter.

Curves with a more pronounced gauge reflect
the presence of better mechanical properties, such as
superior toughness and ductility compared to curves
with a smaller coverage area on the graph that show a
fragility of the welded joint.
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Figure 5: Stress-Strain Curves

Analysing the graph, it can be observed that the
use of a welding voltage of 22 V presents a situation of
stress-strain curves with superior mechanical properties,
it can also be observed a trend of involution of the curve
which is more and more pronounced once with the
increase of the welding voltage from 22 V to 38. It can

© 2023 Global Journals

also be noted that the use of a welding regime with an
amperage of 300 A presents the worst situation
presented by the graph, having the lowest curve in
terms of the maximum stresses developed in the welded
joint.
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A centralized situation of the resistance
characteristics obtained after the bending tests is
presented in tables 1, 2 and 3. The main characteristic
followed for determining the bending resistance
capacity of welded joints is the maximum bending force.

Using the maximum bending breaking force in formula
(1) results in the value of the maximum bending stress
developed during the bending test, this value largely
depending on the geometry of the welded seam also.

3:F-L
2-w- h?

F — load at span center,

Omax =

L — distance betwen supports,

w — width of specimen,

h? — thickness of specimen

Table 1: Strength Characteristics Collected from Stress-Strain Curves

Parameters 22V 30V 38V UM.
Maxim bending force 9,74 7,55 9,84 kN
Maxim displacement 29,21 10,04 14,27 mm
Maxim bending stress 1527,60 1092,17 1342,66 MPa
Displacement at maxim bending stress 19,23 6,07 11,47 mm
Bending energy 26330,60 5659,37 | 10305,71 KJ
Table 2: Strength Characteristics Collected from Stress-Strain Curves
Parameters 300 A 500 A 700 A UM.
Maxim bending force 3,47 5,60 10,85 kN
Maxim displacement 7,40 8,97 21,76 mm
Maxim bending stress 523,30 832,55 1597,01 MPa
Displacement at maxim bending stress 2,38 3,79 16,71 mm
Bending energy 1842,80 3782,13 | 27761,95 KJ
Table 3: Strength Characteristics Collected Ffom Stress-Strain Curves
Parameters 25 cm/min | 75 cm/min 125 cm/min UM.
Maxim bending force 9,13 7,60 513 kN
Maxim displacement 5,29 11,10 8,44 mm
Maxim bending stress 1338,03 1098,98 769,41 MPa
Displacement at maxim bending stress 4,42 5,52 3,51 mm
Bending energy 3425,49 6144,46 292577 KJ
All the data found in tabular form were

regrouped for an easier analysis in figure 6 in the form of
a radar graph, highlighting the evolution of the strength
characteristics depending on the welding regimes used.
Analysing the radar graph, there are 2 welding regimes
for which all the strength characteristics have higher
values than those specific to the standard welding
regime. The standard welding regime that are
represented by the following values:

Maxim bending force 9,35 kN

Maxim displacement 19,28 %

Maxim bending stress 1337,7 MPa.

Displacement at maxim bending stress force 13.85
mm.

e Bending energy force increases from 20957,6 kJ.

© 2023 Global Journals

( A ) XXII Issue IV Version I H Year 2023

gineering
meer mb

S

Global Journal of Research in En



Global Journal of Research in Engineering ( A ) XXIII Issue IV Version I n Year 2023

THE INFLUENCE OF SUBMERGED ARC WELDING PARAMETERS ON BENDING STRENGTH OF PRESSURE VESSEL STEEL P355 N

Bending strength characteristics

A - Maxim bending force

B - Maxim displacement

C - Maxim bending stress

D - Displacement at maxim bending stress

E - Bending energy
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Figure 6: Evolution of Strength Characteristics Collected from Stress-Strain Curves

The welding regime for which the 22 V welding
voltage is representative shows the following increases
in resistance characteristics compared to the standard
welding regime:
¢ Maxim bending force 9,74 kN resulting an increase

of 0.39 kN, signifying a progression of 4,2%

e Maxim displacement 29,21% resulting an increase
of 9.93 %, signifying a progression of 51,5%

e Maxim bending stress 1527,6 MPa resulting an
increase of 189,9 MPa, signifying a progression of
14,2%

e Displacement at maxim bending stress force 19,23
mm resulting an increase of 5,38 mm, signifying a
progression of 38,8%

e Bending energy 26330,6 kJ resulting an increase of
5372,9 kJ, signifying a progression of 25,6%

The second welding regime that has better
bending strength characteristics than the standard one
is the welding regime were the intensity of the electric
arc was 700A, for which the values are:

e Maxim bending force 10,85 kN resulting an increase
of 1,5 kN, signifying a progression of 16%

e Maxim displacement 21,76% resulting an increase
of 2,48 %, signifying a progression of 12,8%

e Maxim bending stress 1597,01 MPa resulting an
increase of 259,31 MPa, signifying a progression of
19,4%

e Displacement at maxim bending stress force 16,71
mm resulting an increase of 2,86 mm, signifying a
progression of 20,6%

e Bending energy 27761,9 kd resulting an increase of
6804,3 kJ, signifying a progression of 32,5%

© 2023 Global Journals

IV. CONCLUSIONS

As a main conclusion it could be said that 2
welding regimes with better strenght characteristics than
those of the standard welding regime were identified
and this are:

o 33V, 700A, 60 cm/min
o 22V, 480A, 60 cm/min

The maximum bending force recorded is
specific to the welding regime 33V, 700A, 60 cm/min
with the value of 10,85 kN resulting an increase of 1,5
kN, signifying a progression of 16% comparing to the
standard welding regime maximum bending force.

The maxim displacement is found within the
welding regime o0 22V, 480A, 60 cm/min with the value of
29, 21% resulting an increase of 9.93%, signifying a
progression of 51, 5% comparing with the standard
welding regime maxim displacement.

The maxim bending energy force is specific for
the welding regime 33V, 700A, 60 cm/min and has a
value of 27761,9 kJ resulting an increase of 6804,3 kJ,
signifying a progression of 32,5% comparing to the
standard welding regime bending energy.

The optimal welding regime being considered
33V, 700A, 60 cm/min.
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