INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

Analysis of the materials and defects of Helical Submerged Arc Welding pipelines
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Abstract: The work is performed by analysing spiral welded joints Helical Submerged Arc Welding and their most common errors, which
they occur during the submerged arc welding process and can be detected by non-destructive tests. Pipelines were made of structural alloy
steel, hot-rolled. Welded defects were detected by X-ray method. A microstructural test was carried out to detect internal errors of the weld
joint. Mechanical tests were used to determine the effect on change of properties. After detecting errors on the end X-ray, they were welds

subsequently corrected. Destructive or non-destructive testing of gas pipeline welds has its justification, mainly for safety reason.
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1. Introduction

The HSAW (Helical Submerged Arc Welding) pipe production
process begins with a plate which is formed into a pipe by bringing
each side of the plate (strip) together in a spiral according to the
required diameter using filler metal. HSAW pipes have a large HAZ
(Heat Affected Zone) area. The production productivity of HSAW
pipes is 2 m/minute, while the Weld Seam Length of HSAW pipes
is 1.5 — 2 times the length of the pipe. A welding process commonly
used to join welded pipes, that uses a layer of granular flux and is
covered, preventing the visibility of the arc. The electrode burns in
a gas and vapour filled cavity to create pipes with excellent
toughness and versatility [1, 2, 3].

Spiral welded steel pipes are made of low carbon micro alloyed
HSLA (High yield strength steel) steel from hot rolled.

Pipe production has a long tradition with the first spiral welded
pipe manufactured in 1960.

Submerged welding requires good preparation of the welding
parts and precise guidance of the weld during welding. The quality
of the weld is good because the flux perfectly protects the weld
metal from air and has a positive effect on the chemical
composition of the weld metal [3, 4].

For safety reasons destructive or non-destructive methods was
use experimental tests of materials using mainly. If a gas pipeline
that had a crack were to be put into circulation, it could cause an
event with losses to property, health or even people's lives.

From a technological and metallurgical point of view, the
submerged arc welding method is characterized by mechanized arc
welding performed in a horizontal plane [5].

An electric arc is created between the wire electrode and the
material to be welded, burning under a layer of powder and partly
molten flux. During the welding process, the basic welding material is
melted at the welding point, followed by the welding wire and the flux
[6, 7, 8].

Automatic submerged arc welding uses an electric arc between the
base material and the filler material as a heat source. Flux with a
powder-granular consistency is passed through a bare tube in front of
the additional welding wire and then automatically moved by rollers
into the weld (see Fig. 1).

An electric arc covered with a layer of flux burns in a cavity
created by the gas produced during melting. This arrangement
significantly reduces the heat loss of electricity arch. Most of the heat
is used to melt the material, which greatly improves the welding
performance. The electric current is fed to the welding wire through
the rollers near the arc, which allows the use of high welding currents.
This arrangement helps to increase welding power during welding [9,
10].

2. Materials and experimental procedure

The experimental part of the work focuses on the analysis of the
microstructure of the welds and the analysis of the most frequent
errors detected by non-destructive tests. Low alloy steel Standard
EN 10217-5:2019 [10] (sample number 1) and microalloyed steel
Standard EN 10219-2:2019 [11] (sample number 2) were used for

the experiment. The steels are made hot-rolled and supplied in coils.
The chemical composition of the samples is given in Table 1.

Fig. 1 Submerged welding in operation

Table 1: Chemical composition of used steels, wt.%
No. @ Mn Si P S Ti \Y Al
mater.
1 0.12 | 0.49 | 0.12 | 0.017 | 0.01 | 0.001 | 0.01 | 0,02
2 0.15 | 1.29 | 0.19 | 0.012 | 0.006 | 0.001 | 0,01 | 0.03

Before the start of the welding process, the edges of the strip are
prepared. For a spiral weld with a thickness of 5.0 — 8.0 mm, the
edges of the strip are prepared for the joint without bevelling the
edges. [7, 9].

The welding wire was used according to the EN 756 standard. The
S,Si welding wire had a diameter of 3.2 mm. Chemical composition
of S,Si welding wire: C = 0.07 - 0.15%, Si = 0.15 - 0.40%, Mn =
0.80 - 1.3%. The flux was marked according to the EN 760 standard:
SA AB 1 67 AC H5, basic agglomerated Al,05+MgO+Si O,+CaF,.

2.1. Causes of errors in automatic welding

Electric current,

dust particles,

wet flux,

grease on the base material,

o insufficient filling of the flux with liquid, insufficient
connection between the welding heads,

e corrosion of the metal surface,

e welding speed.

2.2. Tensile test

The tensile test was performed on a ZWICK Z 400 - BPC F. The
samples were taken from welded pipes. To determine the mechanical
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and plastic properties of the weld joint and the base material, they Microstructure (see Fig. 5), coarse-grained ferritic structure was
were taken so that the weld joint was in the centre of the sample (see  formed in the heat-affected area adjacent to the weld material.
Fig. 2). The static tensile test was carried out according to the  Ferritic grains are elongated in the direction of rapid heat transfer to
standard 1SO 6892-1:2019 [13]. 5 tests were carried out from each  the weld metal.

type of material. The weld joint was placed in the centre of the test
specimen. (Fig. 3) shows the samples after the static tensile test.
Table 2 show the average of the measured values by the static tensile
test.

Fig. 2 Samples for tensile tests

Fig. 5 Detail of the upper part of the weld joint No.1

(Fig. 6) the microstructure of the base material is formed by
ferrite and pearlite. The heat-affected weld area has a maximum
width of 797.4 um, (see Fig. 6). The microstructure of the basic
material consists of fine-grained polyhedral ferrite and pearlite. The
microstructure in the heat-affected region consists of troostite and
acicular ferrite.

Fig. 3 Samples after tensile tests

Table 2: Average tensile tests results

No. Re YTS A A
mater. /MPa/ /MPa/ 1%l %I/
1 338 453 11.5 10.5

2 459 582 8 7.5

2.2. Macrostructures and Microstructures weld joints

Macroscopic analysis of the experimental material was performed
with a Leica Wild M3Z stereomicroscope. Microstructural analysis
of the welded sheets at different magnifications was performed with
a light microscope (SM) Olympus Vanox T-AH2. Metallographic
cuttings for microstructure observation were prepared by standard
metallographic methods.

(Fig. 4) show macrostructure of weld joint No.1. (Fig. 5) show
detail of weld joint No.1 upper part. The heat-affected weld area

has a maximum width of 1967.5 um, (see Fig. 5).

Fig. 6 Detail of the lower part of the weld joint No.1

‘ 2.3. Weld joint defects

According to the ISO 3183 [14] standard, the weld joints of the
experimental materials were evaluated. The standard [14], describe
the permitted radial displacement for pipes up to 15 mm thick is 1.5
mm. (Fig. 7 and Fig. 8) shows a weld that did not meet this
condition.

Fig. 4 Macrostructure of weld joint No1.
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Fig. 7 Weld joint with radial displacement No.2

Fig. 8 Weld joint with radial displacement No.1

(Fig. 9) shows a weld joint with a hot crack in the weld metal.
Cracks in the weld metal can occur in the segregation or
liquefaction process. Segregation cracks are caused by sulphur,
phosphorus, or oxides.

2 mm
rr-J

Fig. 9 Weld joint with a hot cracks in the weld metal No.2

X-ray system MGi 450 was used for detecting internal defects, non-
destructive testing of highly absorbent materials.

178

With the help of X-ray analysis, we can observe the following most
common defects of spirally welded pipes:

1. Surface defects, which include cracks, micro-cracks and non-
separations.

2. Spatial defects, which include inclusions, pores (gas bubbles)
(Fig. 10) and (Fig. 11), displacement, overflow and inflammatory
notches [14].

Fig. 10 X-ray images — linear porosity No.1

Fig. 11 X-ray images —a cluster of pores No.2
3. Results and discussion

The experimental part of the work was devoted to detecting
defects in the weld joint on samples of spirally welded pipes. To
find them, it was necessary to carry out several tests. The results of
static tensile tests at ambient temperature confirmed that the welds
are stronger than the base material. All tested specimens ruptured
outside the weld.

Micro and macro structure analyses showed that there were
various defects in the weld joint. Specifically, a hot crack in the
weld metal and radial displacement was observed.

The most frequent defects were observed by non-destructive
testing (X- ray) during the technological process on finished spiral
welded pipes under the flux, porosity defects were observed.

4. Comclusion

This study provides information for the weld joints and there
defects.

Based on the results of the work, it is possible to state that it is
necessary and very important to analyse the structure of welded
joints of hot rolled steels and their most frequent errors detected by
non-destructive tests. Conclusions:

YEAR XVIII, ISSUE 5, P.P. 176-179 (2024)



INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS"

WEB ISSN 1314-507X; PRINT ISSN 1313-0226

- The static tensile test revealed that the strongest material was
No.2 s with a strength limit of 582 MPa and yield strength of 459
MPa. All tested materials ruptured outside the weld joint during the
static tensile test.

- Material No.2 also showed a hot crack in the weld metal.

- Radial displacement errors were detected in both tested
materials

- After detection of errors, mainly porosity, on the end or
continuous X-ray, they were then repaired in the repair department
(repair of pipes by welding).

After the repair, they were checked again at X-ray workplaces
and some were evaluated as satisfactory. Those that could not be
repaired were reclassified and used for another purpose.
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