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Abstract: The researchers have shown that there are cracks in the toe weld and they
have an important role in the welding failure. The elimination of these shortcomings and
the improvement of the fatigue life have always been a concern for the industrial
designers. One method of improving the fatigue life of the welded joint at its geometry
branch is to remelt the toe region of the steel weldments using the Tungsten Inert Gas
(TIG) method or TIG-dressing. This method affects the material structure, hardness,
stress coefficient and welding shape. In this study, the effectiveness of this method on
fatigue and stress concentration at the weld toe was investigated. The experimental
results showed that the toe weld form was changed by TIG — dressing and thus increased
the radius and decreased the toe weld’s angle, so that the stress was reduced by TIG —
dressing. Also, the fatigue tests showed that the fatigue life increased by an average of
approximately 30 percent. Finally, the stress concentration factors were obtained using
ABAQUS finite element analysis. The amount of stress concentration factors in
weldments before and after TIG — dressing were respectively achieved to be 2.4 and 1.3.
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1 INTRODUCTION

The low fatigue strength of the welded joints is caused
by several factors; the most important ones being, firstly,
the stress concentration caused by the geometry of the
weld bead, and secondly, the defects in the toe region
consisting of crack-like non-metallic intrusions.
Therefore, the fatigue cracks start growing very early
during service. The useful life of the structure consists
mainly of the propagation of such cracks to some critical
value at which the static fracture takes place. The crack
growth rate is largely independent of the static strength;
thus, welded high strength steels cannot be expected to
exceed the fatigue performance of low strength steel,
unless the weld is improved in such a way that the crack
initiation stage occupies a large portion of the fatigue
life. Several techniques have been developed to improve
the fatigue properties of the welds. The most effective
methods are those that change the geometry of the weld,
thereby reducing the stress concentration factor. In the
branch of geometry modification, one method to
improve the fatigue life of the weldments is TIG-
Dressing. Using this method, the welding toe remelts
and the geometry of the weld bead changes.

Several researchers have studied TIG-Dressing method.
Huo et al [1] investigated the fatigue behaviour of the
welded joints treated by TIG-dressing and ultrasonic
peening under variable-amplitude load. Perovi¢ [2]
studied TIG-dressing treatment and showed that the
amount improvement depends on the metal base,
connection type and also load type. Tateishiet al [3]
improved extremely low cycle fatigue strength of the
welded joints by toe finishing. Ramalho et al [4]
investigated the effect of TIG-dressing and plasma-
dressing on the fatigue strength of welded parts. Li et al
[5]-[6] examined the effect of TIG-dressing on low-
strength steel Q235B to improve the fatigue property.
Lee and Chang [7] examined the growth rate of the
fatigue cracks in the welded butt using the finite element
method. The results demonstrated the significance of the
residual stresses in the assessment of the fatigue crack
growth rate in the welds. Furthermore, Fang [8]
examined such methods as T1G-dressing, shot blasting,
the creation of compressive residual stress by ultrasonic
peening and etc. to improve the fatigue strength of the
welded structures. Using TIG-dressing, Zhou et al [9]
investigated the effect of cooling on the welding residual
stress in the modified T-shaped pieces performed. The
results showed that by increasing the intensity of
cooling, the longitudinal tensile residual stress converted
to the compressive stress and the transverse residual
stress did not change.

Wu and Wang [10] improved the fatigue performance of
the welded joints with undercuts by TIG-Dressing
treatment. Gerritsen et al [11] examined diode laser weld
toe remelting as a means of fatigue strength

© 2019 IAU, Majlesi Branch

improvement in high strength steels. Es and et al [12-13]
investigated the effect of TIG-dressing on fatigue
strength of the welded joints in S460 and S1100 and
indicated that the average welding with T1G-dressing
had a positive effect on the weld toe’s geometry. Also, it
should be noted that the hardness increase is another
result of the TIG-dressing method.

Yildrim [14] pointed out that the experimental fatigue
data for the welds improved via the tungsten inert gas
(TIG) dressing method, have been extracted from the
existing literature. The extracted fatigue data include
experimental points for the longitudinal attachments,
transverse non-load carrying welds, butt joints and T-
joints. Hildebrand et al [17] performed a numerical
simulation of TIG-dressing method in the welded joints.
The results showed that the method reduced the residual
stress surface on the joints.

The overriding purpose of this study is to investigate the
effect of TIG-dressing on the fatigue life and stress
concentration factor in St37-2 butt weldments. Two
reasons have encouraged the present researchers to study
this material. First, it is highly utilized in the industry
and second, it has not been studied in the previous
research. The fatigue tests on the specimens were done
and the results are discussed accordingly. Another
purpose of this study is to investigate the impact of TIG-
dressing on the stress concentration factor at the weld toe
using the finite element simulation.

The difference between this study and previously done
studies and also the innovations carried out in this
research, is the simulation of the TIG-dressing method
and the extraction of changes in the coefficient of stress
concentration before and after correction as the main
factor of the effect of this method on increasing the
fatigue life expectancy by finite element method and
using ABAQUS software. As it was stated before, the
study made use of steel St37-2 which are widely used for
the construction of welded parts. In this respect, this
experimental study examines the effect of TIG-dressing
on the fatigue life in the presence of the crack-like
defect. This procedure - creating the crack-like defect
with the elliptical geometry - cannot be seen in the
literature. To this aim, the finite element simulation,
using sub-model with code-writing in the software
environment was chosen as the new approach of this
study.

2 EXPERIMENTAL STUDY

To prepare the experimental specimens, the St37-2
sheets with a thickness of 8 mm were used. Initially two
sheets were welded together, and then specimens were
cut from welded sheets. Some specimens were treated
by TIG-dressing. Finally, a specific defect was created
in all of the specimens before the fatigue tests. In the
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following section
described in detail.

the specimens’ preparation is

Welding process: In order to prepare specimens, two
sheets with the dimensions of 250125 mm and the
thickness of 8 mm were welded using manually
submerged-arc welding (SAW) method. The edges of
sheets in the welding region were chamfered using a
CNC machine. The electrode type E7018 with a
diameter of 5 mm was used for the four-pass welding.
The conditions of welding operation were selected based
on the AWS D1.1 standard. [19] According to this
standard, butt-weld geometry is shown in “Fig. 1" [19].
Geometric characteristics of the welded sheets and
welding conditions are displayed in “Table 1 and Table
27, respectively.

Fig. 1 Butt weld geometry according to standard AWS D1.1
[19].

Cutting and milling of specimens: After the welding
operation, the fatigue specimens were cut using a Wire
Cut Machining (WCM) and were milled by CNC milling
machine for getting detailed dimensions. The view of the
specimen is shown in “Fig. 2”.

Table 1 Transitions selected for thermometry [19]

117

to 3.5 mm. The conditions of TIG-dressing operation are

indicated in “Table 3.

Table 2 Welding condition

Passes | Voltage, V Current, A Velocity, mm/s
1 215 95 2.25
2 215 112 2.30
3 215 112 2.83
4 215 112 2.50
¢
2 ) .
N L
30
Fig. 2  The view of the fatigue specimen, mm.
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SMAW U R=1 |y=45 Al Table 3 Conditions of TIG-dressing operation
4 Insert gas Argon
Gas flow, lit/min 8
. . . . Nozzle diameter, mm 10
TIG-dressing operation: Fl_rst, the_: specimens were Preheat temperature, °C 150
preheated to 150 °C for 30 minutes inside the furnace. Electrode diameter. mm 2
Then, according to the TIG-dressing equipment, the Voltage, V ' 14
distance of tungsten electrode from weld bead was Current, A 200
selected to be approximately 1 mm. After the operation, Velocity, mm/min 150

the welding toe radius was measured. It was equivalent
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Production defect in samples: After TIG-Dressing, for
fatigue test, the quasi-elliptical defect (an arc of a circle
as shown in “Fig. 3”) was created at the weld toe by the
Electrical Discharge Machining (EDM). The closed
view of the defect in the specimen is displayed in “Fig.
4, Also, “Fig. 5 and 6” display specimens without and
with T1G-dressing, respectively.

Fatigue test: The specimens were tested by INSTRON
fatigue machine. In the fatigue tests, the maximum stress
382 MPa, the stress ratio 0 and the frequency of 3 Hz
were selected. In order to ensure the repeatability of the
test results, three specimens without and with TIG-
dressing were tested. The specimen after the failure is
shown in Figure 7.

- ‘-'

Fig.4  The closed view of defect in the specimen.

Fig.5  The specimen after the failure.

3 FINITE ELEMENT ANALYSIS

The welding and TIG-dressing treatments were
simulated using finite element software ABAQUS in
accordance with the experiments for calculating the
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stress concentration factors in the weldments before and
after TIG-dressing operation.

Welding process simulation: First, two sheets and four
passes of welding were modelled. This model is shown
in “Fig. 6”. The thermal properties of the sheets and
welding filler as temperature-dependent were obtained
in the finite element analysis [15]. The heat load caused
by the welding source was defined in the form of a
volumetric heat flux and in accordance with the
conditions in the experimental work. Goldak's two ovals
moving heat source model [18] was chosen to create the
heat generated by an electrode. In order to apply the heat
flux, a subroutine was produced in a way that all
conditions in an experimental work such as the flow rate,
the electric potential difference, the speed of the
electrode and the electrode center position at any
moment were applied. The heat flux contained two
zones, one in front and the other in behind of the arch’s
center. The two elliptical-shaped flux distribution power
densities are shown in “Fig. 7”.

Fig.6  Modelling of two sheets and four passes pf
welding.

Fig. 7 The elliptical-shaped flux distribution power
density [18].
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The power density distribution of the front center of the
arc is described by “Eq. (1)” [18]:

6\/3-fQ -3x%/a® _-3y%?_-3[z+v (r-t)lc,?
f e e y e f

q(X,y,Z,t):— 1
abc'zr\/: ()

In a similar vein, the power density distribution of the
rear center of the arch is represented by “Eq. (2)” [18]:

6N3FQ  _3x?ja® -3y2h?_-3[z+v (r-t)Plc,?
e e y e [z v (z-t)] e,

q(X,y,Z,t) =
abcr/z\/;

In these equations, the geometric parameters a, b, cf and
cr as physical dimensions of melting zone at respectively
the side, below, front and rear were determined from
cutting and polishing-etching the cross-section of the
weldment. The other described parameters including fs
and fr were obtained from [18].

“Fig. 8” shows how to apply the heat flux to the model
at the end of the fourth pass of welding, i.e. at the time
of 1450 seconds after the analysis.

Fig.8  The heat flux applied to the model at the time of
1450 seconds.

The temperature distribution versus time in the specific
point with the distance of 10 mm from the weld line is
shown in “Fig. 9”. As shown in this Figure, the
temperature distribution of the welding process may be
divided into three stages: before reaching the heat
source, passing the heat source and the cooling stage.
Until the heat source had not reached the point, the
temperature was almost constant, but as the heat source
approached, the temperature suddenly increased. In
addition, because of the effect of radiation heat transfer
in high-temperature, the temperature decreased quickly
after passing the heat source. For the next pass, this
process was repeated until the end of the fourth pass.

In the following, the mechanical analysis was
performed. The type of the element was selected as

C3D8R for the mechanical analysis. Figure 10 shows the
distribution of Von-Mises stress at the end of the fourth
pass.
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Fig.9  Temperature distribution versus time at the specific
point with the distance of 10 mm from the weld line.
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Fig. 10 The welding residual stress distribution in the
model.

Validation of the simulation method: In order to gain
more accurate evaluation of the results of the finite
element analysis, the results obtained from this study
were compared with those obtained in Nuraini and et al
[16]. The transverse residual stress distribution derived
from the simulation and extracted from [16], is
compared in “Fig. 11”. As shown in this Figure, the
trend of the results of the simulation and that of [16] is
almost the same. The difference arises from a lack of full
access to the detailed data used in the analysis by [16].

Cutting Specimen: As mentioned before, the sheets
were initially welded and then the specimens were cut
from them for the fatigue tests. The sample is shown in
“Fig. 12”. In this part of the simulation, to perform this
process, the sub-model was used. After the welding
simulation, the stresses were transferred from the
welding sheets to the sample for analysing the sub-
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model by using a static step. Von-Mises stress
distribution in the sample after analysing is shown in
“Fig. 13”.
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Fig. 11 Comparison between the results of the simulation
and reference [16].

>

Fig. 12 The sample cut from the sheets.

Fig. 13 Von-Mises stress distribution in the sample.

The finite element simulation of TIG-dressing: To
simulate the TIG-dressing, the model obtained from the
sub-model was used. To accomplish this step, the
thermal-mechanical coupled method was used. The type
of the element used in this solution was selected to be
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C3D8T which is capable of solving the heat transfer and
stress analyses, simultaneously. In order to transfer the
pattern of residual stresses from the sub-model to the
TIG-dressing mesh, this mesh was considered entirely
similar to the sub-model. For this purpose, the birth and
death of the elements’ technique were used to show the
melted zone. The initial temperature of 150 C was
considered. Figure 14 shows one step of the finite
element simulation of TIG-dressing. Also, the
distribution of Von-Mises residual stress distribution in
the sample after TIG-dressing operation is represented
in “Fig. 15”. By comparing “Fig. 13 and 157, it can be
seen that although the maximum stress is increased, the
stress distribution becomes more uniform by TIG-
dressing operation. Also, the stresses in Heat Affected
Zone (HAZ) decreases after implementing TI1G-dressing
method.
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Fig. 15 The distribution of residual stress after TIG-
dressing.
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Analysis of stress concentration factor: At the end of
the simulation, the stress concentration at the weld toe in
the samples was calculated in the unmodified and
modified samples using TIG-dressing. In order to
determine the stress concentration in both cases, the
tensile load was applied to the samples. The tensile load
applied to the sample was considered to be equal to 70
MPa. After the analysis, the paths were defined in the
modification zone and also in the area away from it and
the stresses were extracted in the paths. This path in
unmodified and modified samples is shown in “Fig. 16
(a) and 16 (b)” respectively. Finally, the stress
concentration factor was calculated by dividing the
maximum value of stress at the weld toe to the nominal
stress in a region far from that.

(b)
Fig. 16 The path in: (a): unmodified and (b): modified,
sample.

4 RESULTS AND DISCUSSION

Experimental results: The results obtained from the
Fatigue test are shown in “Table 4”. The results
expressed that with TIG-dressing, the average fatigue
life of three tested specimens increased from 27415
cycles to 35584 cycles, i.e. approximately 30 percent.
Also the radius of the toe weld was measured before and
after the TIG-dressing. Before the correction, it was 1.2
mm and after that it was 3.5 mm. therefore, as these
values suggest, the toe weld increased after TIG-
dressing.

Table 4 The fatigue results

Fatigue life, cycles Average
Specimens - - Fatigue life,
test test test
Without
TIG- 26973 | 25077 | 30196 27415
dressing
Vg'th TG~ 1 34011 | 33270 | 30471 | 35584
ressing

The cross-section of one of the specimens without and
with TIG-dressing after the failure is shown in “Fig. 17
(a) and 17 (b)”, respectively. As shown in the figures,
the fracture surface is divided into three areas: crack
initiation region (l), crack growth area (I1) and brittle
fracture zone (lIl). The crack growth region was
smoother than the brittle fracture zone. The crack growth
area of the specimen with TIG-dressing was larger than
that of the specimen without TIG-dressing. That is to
say, the fatigue life increases by TI1G-dressing.
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4

(b)
Fig. 17 The cross-section of the specimen with TIG-
dressing after the failure.

Simulation results: Von-Mises residual stresses along
the weld line for before and thereafter applying TIG-
dressing are shown in “Fig. 18”. By comparing the two
graphs, it can be seen that the surface residual stresses
along the weld line is reduced. Therefore, by reducing
the surface residual stress in the sample, it takes more
time to initiate and to grow cracks on the surface which
consequently leads to gaining the fatigue strength and
fatigue life in the samples. Also, the stress concentration
factors for the unmodified and modified samples were
computed and are shown in “Table 5”. The results
showed that with TIG-dressing operation, the stress
concentration factor reduced and thus the fatigue life
increased.

250
200 = Unmosdified
= samples
= 150 = = Nfodified
o = samples
4] -
Z 100 -
i - - o
50
0 10 20 30

Sample width, mm
Fig. 18 Von-Mises residual stresses along the weld line.

Table 5 Stress concentration factor
Before TIG-dressing After TIG-dressing
operation operation
2.40 1.32

was simulated numerically. The following results were
obtained:

1- Through TIG-dressing operation for modifying the
weldments, the residual stress decreased in surface.
For this reason, it took more time to initiate and to
grow cracks on the surface which consequently led
to the fatigue strength to be increased and the fatigue
life to be obtained. For St37-2 weldment, the
specimens and defined conditions of welding and
TIG-dressing operations, the average fatigue life
increased from 27415 cycles for the unmodified
sample to 35584 cycles for the modified sample, i.e.
approximately 30 percent.

2- By implementing T1G-dressing method, the weld toe
shape changed which increased the radius and
decreased the toe weld’s angle. Under all
circumstances described in this study, for the
specimen and the operations mentioned above, this
deformation reduced the stress concentration factor
from 2.40 to 1.32 in the sample.

3- It can be seen that although the maximum stress
increased, the stress distribution became more
uniform by TIG-dressing operation. Also, the
stresses in Heat Affected Zone (HAZ) decreased
after implementing the TIG-dressing method.
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