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The experimental studies were evaluated by conducting an analysis with the assistance of Ansys.
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ABSTRACT

In this study, we focus on predicting factors such as temperature input and heat turbulence, which are considered to have a

significant impact on the mechanical properties of the connection in welded joints, such as temperature input
which may have different properties from the welding area. In the study, the flash butt welding method wa
were opened at regular intervals in the samples to be joined, and temperature values were measured using ther
loggers during the welding process. The microstructural differences occurring in the welding areas of i
using light microscopy and scanning electron microscopy (SEM). Microhardness measurergd®t.
mechanical properties. Three-dimensional modeling was created using the finite elemen
experimental conditions and compared with the experimental results. As a result of this co
were compatible with the actual results. For this reason, it is emphasized that the use of si

the properties of welded structures and possible problems.

d heat turbulence,
ferred and holes

tio is important to predict
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Yakma Alin Kaynagiyla Birlestirilmis S355JRY ap1
Celiklerinde ITAB’1in Ansys ile Analizi

Bu caligmada, kaynakli baglantilarda baglantinin mekanik 6z4
bolgesinden farkli 6zelliklere sahip olabilecegi sicakl i

kullanilarak incelenmistir. Mekanik 6zelliklefi
sonlu elemanlar yontemiyle (ANsys)
karsilastirma sonucunda, elde edile

vurgulanmustir.
Anahtar Kelimeler: Yakm

1. INTRODUCTIO

been cho e this critical region, particularly
for the Ided structure, to determine the
mechanical s of HAZ. [1-3]Structural steels are

important in ter§§ of availability and weldability. In this
study, S355JR structural steel, a widely used material
with good weldability, has been employed. In
contemporary welding applications, knowing the
temperature distribution in the heat-affected zone and the
weld zone in advance is crucial. Pre-determining this
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e-posta : uarabaci@gazi.edu.tr

inde 6nemli etkisi oldugu kabul edilen ITAB'1n, kaynak
fbiilans: gibi etmenlerin modelleme ile 6nceden tahmin

1n ayrica mikro sertlik dl¢iimleri yapilmistir. Ayni deneysel sartlarda
modellemeler olusturulmus ve deneysel sonuglarla karsilastirilmistir. Bu
¢cek sonuglarla uyumlu oldugu goriilmiistiir. Bu nedenle, simiilasyon

sys, termal analiz, kaynak metalurjisi, yapi celikleri.

information allows for taking precautions against
potential issues in welded joints, saving time and costs,
and improving the overall quality of the work [4-6].

Welding creates significant temperature differences in
and around the welded area due to the heat it generates.
In arc welding, three distinct zones are typically observed
within the welded joint: the fusion zone, the heat-affected
zone, and the base metal. During welding, a substantial
temperature gradient arises in the vicinity of the welded
region as a result of the heat produced. The objective of
this article is to present the thermal cycle simulation
technique and its usefulness for the study of the heat-
affected zone. An X70 steel was chosen to undergo
thermal treatment cycles using the simulation equipment.
It has been shown the importance of this technique for
the study of HAZ. It was found that the microstructure of
HAZ depends on the heating temperature [7].

Ebrahimpour et al. conducted a study to investigate the
influence of resistance spot welding parameters and heat-
affected zone (HAZ) on various aspects of steel joints.



3D coupled thermal-electrical-structural finite element
method (Ansys) was used to simulate RSW. The welding
zone boundaries were established by considering critical
temperatures, and responses across all samples were
computed. Utilizing analysis of variance, the direct,
quadratic, and interactive impacts of the parameters on
the responses were scrutinized, culminating in the
formulation of a distinct mathematical model for each
response. In particular, current density had the most
significant impact on all responses [8].

It is essential to be aware of the problems that may occur
due to temperature changes in welded joints before
proceeding to the manufacturing stage, in terms of time,
cost, and quality of work [9-10].

In the engineering realm, Ansys stands out as a
commonly favored simulation software, renowned for its
versatility and effectiveness. Typically employed post-
modeling phase, Ansys enables engineers to conduct
comprehensive testing within a virtual environment
before  physical prototype production, thereby
streamlining the design iteration process and facilitating
informed decision-making [11].

In the study of Taniiriin et al., the effect of the beam
structure on aerodynamic performance in the NACA
2412 model, which is widely used in wind turbine
airfoils, was numerically examined. Airfoils modele

with the Rhinoceros Program Were Analyzed Using Tée
Ansys Fluent program. Numerical analyses were carrie
out using the k-g realizable turbulence model at 3.2
Reynolds number (Re) [12].

nose landing gear, aiming to enhance er
design, decrease weight, m|n|m|ze

propertie e material and analyze its impact
on I-type snag #5ing Ansys software. The composite
material's me@Wanical properties were evaluated,

revealing a decrease in density and tensile strength.
Through Ansys analysis, it was determined that the
composite I-type snap-fit design of equivalent
dimensions could withstand 12.6% less force when the
material reaches its maximum values, specifically at the
elongation at the breakpoint [14].

In the study of Dauod et al, 304 stainless steel TIG
welded joints with ER308L and ER310 fillers with and
without mechanical vibration microstructural and
mechanical properties variations. SEM and optical
microscope were employed to analyze weld joints
microstructure with and without vibration. Research

results illustrated that welding with mechanical vibration
decreases columnar dendrites ' number and length, and
weld metal microstructure shifts from columnar to
equiaxed dendrites. Decrease in dendrites average size
from 547.42 pm to 64.32um for ER308L weld metal and
from 663.87 um to 63.41 pum for ER310 weld metals
dedicated in an investigation. Unmixed zone formation
near the ER310 filler welding zone fusion line was
observed in specific zones and disappeared with others.
Ansys model for welding zone and HAZ of ER308L and
ER310 fillers applied by Goldak model used to
investigate effects of vibration on welding zone
parameters and maximum welding heat to understand

using engineering sim
commonly used in t

e most significant aspects
ing processes. In this study, a
etween the actual and virtual
ion in welded structures.

tal studies were conducted using ©20x100
gimensions of S355JR structural steel material. The

erfhical composition of the S355JR steel used is given
in Table 1. The centers of the drilled holes were
determined to be 1 cm apart (Figure 1).

Table 1. Chemical composition of material S355JR.

(%) Chemical composition

C Si Mn P S Cu
0,24 0,16 1,30 0,045 0,0020 0,004
/ f\ a8
J | || .E_.
l'. Jl o
\J &y

100 mm

Figure 1. Dimensions of the weld sample

2.2. Method

Samples were prepared in the dimensions shown in
Figure 1 and were connected to the welding machine as
depicted in Figure 2. Welding processes were carried out
under the parameters provided in Table 2. The processing
steps are provided in Figure 3.
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Figure 2. Binding of samples to the jaw

Table 2. Parameters used for the welding process

Preheating Time (s) 3
Voltage (V) 3
Amperage (A) 30
Strike Pressure (Bar) 2
Build-up Pressure (Bar) 3
Jaw Clamping Pressure (Bar) | 3
Build-up Flow Time (s) 2
Rail SN
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Figure 3. Flash butt welding process steps [8

3. EXPERIMENTAL STUDIES AND REQULTS
3.1. Temperature Measurement

Before starting the welding
were placed in the hole

rature changes during
ss. During the welding
ements using thermocouples
ried out simultaneously with the
era to determine the maximum

temperature in the welding zone.

'

Figure 4. Arrangements of thermocouples
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Figure 5. Temperature graphs measured with thermocouples

As observed in Figure 5, the thermocouple T2, which is
closest to the weld metal, has measured the highest
temperature values. Upon examining the figure, it is
evident that this temperature exceeds 900°C. On the other
hand, the T8 thermocouple, located furthest from the
welding center, recorded a temperature of approximately
100°C. As one moves away from the welding center, the
peak temperature decreases, and the cooling time
shortens. Additionally, there is an approximate
temperature difference of 500°C between T2 and T3,
about 250°C between T3 and T4, around 80°C between
T4 and T5, and approximately 30°C between the last two
thermocouples.



Figure 6. Thermal camera images.(a) Welding Center., (b)
HAZ, (c) Transition Zone, (d) Main Material

During the welding process, temperature measurements
were taken with a thermal camera. Temperature
measurements were obtained from areas near the welding
center and other thermocouple points. Upon examining
the thermal camera image taken from the welding center,
it was determined that the maximum temperature reached
1265°C (Figure 6).

3.2. Hardness Measurement o

In this study, hardness measurements were conducf®g
under a 5 kgf load. Measurements were taken from thre
different regions, considering the welding zone O,
progressing from both sides towards the HAZ (He

Affected Zone) and the base material.

1. Measurement Area
2. Measurement Area
3. Measurement Area

Welding Zone

Figure 7. Regions where hardness testing is performed
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Figure 8. Graph 3f h

s inclusions and defects from the
leading to lower hardness values. In the
, it is thought that the cooling rate exceeds
itieal cooling rate, resulting in higher hardness
. The temperature difference of approximately
90°C between T2 and T3 measured with thermocouples
supports this observation.

3.3. Microstructure Results

The microstructure images obtained from the samples
under the optical microscope as a result of the performed
metallography processes are provided below. The
regions where the microstructure images were taken are
also indicated on the sample in Figure 9.
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Figure 9. Demonstration of the areas where the microstructures
are taken on the sample. a) Base metal b) HAZ c)
Weld metal

As shown in Figure 9, in Region A, where there is no
temperature change, no observable alteration has been



detected in the microstructure. In other words, no
transformation has taken place.

Acicular
Ferrite

Region B is the Inter-Critical Heat-Affected Zone
(HAZ), influenced by heat near the weld metal. In this
region, it is noted that pearlitic colonies have reduced in
size compared to the base material, and there is a
somewhat more homogeneous distribution between
ferritic phases.

Region C is the weld metal. Upon examination of this
region, the microstructure is observed to consist of fine
and elongated dendritic grains. These fine and elongated
grains, resembling a needle-like structure, can be
characterized as an acicular ferrite structure.

For a more detailed view of the structures formed during
the microstructure analyses, the structures were shown.

|-

observed in Figure dense\ ferritic structure is
observed at the fusi
to the fusion li
composed @f a1
some ar
of fine

arse-grained structure
d Widmanstitten ferrite in
tructure in these regions consists
defidritic grains. The resulting fine
, resembling a needle-like structure,
as an acicular ferrite structure.

experimental studies, Scanning Electron

change (base metal)

As seen in Figure 10, there is no microstructuralgchange
in the region farthest from the welding zopg. The i
consists of a mixture of Ferrite and Perlg structures,
which are the microstructure of the jragesiaeia\
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Figure 11.Image of the area under the influence of heat (HAZ)

As shown in Figure 11, due to the intense heat and rapid
cooling in the welding zone, a region with changes in the
internal structure emerges. In this area, it is observed that
pearlitic colonies are smaller compared to the base
material, and there is a somewhat more homogeneous
distribution between ferritic phases compared to the base |, thjs section, clearer views of the microstructure images

metal. were obtained using a Scanning Electron Microscope

> N -

Figure 13. SEM Image of the weld metal



(SEM). The dendritic structure in the welding zone is
visible in these images (Figure 13b).

3.5. Ansys Study

The samples used in the experimental studies were
replicated in Ansys with the same process conditions and
in one-to-one dimensions. The solution of the model in
Ansys was carried out following the welding sequence
plan. The data required for the welding process were kept
the same as the experimental data used in the studies
(Figure 14).

-

Figure 14. Creating the model

During the model creation, in addition to the samples W"

underwent welding, the jaw holders of the burning edg
welding machine were also included in the modeling
After the modeling process, material properti
assigned to the program. The Ansys program i
knows the properties required for many

S355JR structural steel is one of them
additional manual intervention was ne
program automatically recognize
mechanical properties of th 55

provided in Table 3.
r4 of S35

material are

Table 3. Mechanical pro

Elasticity modulus (N/mm?

0.28
7.9E
7,80E
4,50E
2,75E
Thermal expansiopPcoefficient (1/K) 1.1E
Thermal conductivity (W/(m-K)) 1,40E
Specific heat (J/(kg-K)) 4,40E

Poisson's ratio (N/.

After defining the material properties, the parameters
used during the experiment were specified in the
program. Once the necessary definitions were made, the
burning edge welding simulation was conducted,
followed by thermal analysis after the completion of the
welding process (Figure 15-16).

e

VG. Analysis front view after welding

gkn i Figure 16, after thermal analysis, the materials
efl edge to edge reached the maximum temperature in
&Tull edge region. The maximum temperature recorded
with the thermal camera during the experimental studies
is 1265 °C. After thermal analysis with Ansys, the
maximum temperature reached was determined to be
1400 °C. Even slight changes in the emissivity angle of
the thermal camera can cause variations in the measured
temperature values, and the difference of 135 °C between
the two values is within an acceptable tolerance.
Following the thermal analysis, results close to the
temperature values measured with thermocouples during
experimental studies were obtained. As one moves away
from the welding zone, the measured temperature values
are 1247 °C, 1094 °C, 941 °C, 789 °C, 636 °C, 483 °C,
330 °C, 178 °C, respectively (Figure 17).

It is observed that these obtained temperature values are
close to the values obtained during the experimental
studies.




789,07
636,33
483,6
330,87
178,13
25,399 Min

Figure 17. Temperature values obtained after thermal analysis
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Figure 18. Total deformation analysis

The analysis results using experimental paramete'r
indicate dimensional changes. During the weldin
process, due to the application of force on one of t
some swelling and dimensional shrinkage occ
edge region. After the total deformation anal

observed that the total dimension loss is roxim
mm (Figure 18).

When & experimental samples, it was
determined distortions in the materials after
welding were roximately 6-7 mm (Figure 19). The
results obtained from the Ansys analyses are consistent
with this. Since ideal criteria could not be achieved
throughout the welding process in the experimental
studies, it was not expected for the Ansys results to be
identical. However, the proximity of the obtained results
indicates successful analysis results.

4, RESULTS
1. The grains formed in the HAZ region are oriented

towards the center of the welding metal in the opposite
direction of the heat flow.

2. The grains formed in the welding metal are a
continuation of the base material grains since a different
joining material is not used. The welding metal does not
contain significant defects such as pores or oxides.

3. Due to the effects caused by pressure, resistance, and
cooling conditions affecting the welding zone, no cracks
have formed.

4. While a dense ferritic structure is present on the
joining surface, a large-grained structure consisting of
acicular ferrite is found just next to the fusion line. In the
transition zone, these structures persist but with a more
homogeneous appearance.

5. The experimental and Ansys analysis results are
similar, providing close results evégyi
identical.
6. The thermal mobility re
process in the parts t i

potential errors in
material and ti i
experimental studies were
f Ansys and it was seen that they

ore starting production will make it
anufacturer to detect possible errors in
nd provide information on preventive
¥ Incorrect or missing values during analysis
prevent the analysis from being accurate and
pDlete. Detection of welding-related problems such as
thermal mobility, residual stresses, and distortions can be
accomplished more economically using computer
programs.
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