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In this study, temperatures of samples welded by 3 different welding sorting has been meas-

ured and displacements occurring on the part after wielding have been determined and an
experimental comparison has been made in this regard. The welded part belongs to the front
loader used in tractors. Material of the model is S355j2+N. In the experimental study, 3 sam-
ples have been welded for each process. In Process 1, welding lines have been observed out-
side to inside, in Process 2 inside to outside, and in Process 3 from right to left. For all parts,
welding parameters and welding speed have been fixed. Welding manufacture and cooling
processes have lasted 3000 seconds in total. 4 points have been determined in order to meas-
ure the temperature of the part during the experiment. For determination of displacement
amount, sample parts have been measured by means of 3-dimensional laser measuring device
before and after welding. When results of experiment are examined, it has been observed that
temperatures curves are similar in processes no. 1 and 3; and the process has been completed
by lower temperature in process no. 2. The highest temperatures measured in processes 1, 2
and 3 are respectively as 380°C, 272°C ve 310°C. Displacements of circular and cylindric
points are respectively as 2.17 mm, 1.22 mm, 2.12mm. Maximum displacements of the sur-
faces are as 0.40 mm, 0.41 mm, 0.80 mm for process 1; as 0.10 mm, 0.28 mm, 0.83 mm for
process 2; and as 0.71 mm 0.77 mm 1.39 mm for process 2. It has been concluded that process
no. 2 has lower temperatures and less displacements. Less amount of displacement or distor-
tion provides use of parts without applying correction afterwards, and eliminates surplus
workmanship and time loss.
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1. Introduction

During welding processes carried out by means of gas metal arc,
which is a frequently used welding method in the industry, very
high and non-homogenous heat inputs occur. In the stage follow-
ing the welding process, cooling of the welded area and the rest of
material last for different periods of time. Such situation results in
residual stress and distortions on the base metal. Even some parts
become unusable. If no precaution is taken, correction of such neg-
ative impacts becomes overcostly and takes time. In today's indus-
try, efficient use of energy and waste energy recovery systems
have gained importance [1]. Parts defects that may occur during

the welding process lead to inefficient energy consumption. Com-
ponent defects caused by residual stresses can be minimized by
means of proper welding sorting

Nart and Celik, in their study, have suggested a new practical
approach by using certain modifications and double ellipsoid
model in order to achieve the proper shape of weld pool. Temper-
ature distribution and residual stress have been estimated by means
of finite element method via ABAQUS software. It has been ob-
served that the number of conductivities in fusion area improves
estimation of thermal move, that the results become closer to the
experimental results as dimensions of mesh get smaller, and exper-
imental results of the analysis are satisfactory [2]. Yavuz et al., in
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one of their studies, have aimed to determine beforehand the me-
chanical properties of HAZ region, whose mechanical properties
are not known exactly and which occur near to the weld pool dur-
ing welding of unalloyed structure steels with st52-e quality, by
means of finite elements method. Ansys package programme has
been preferred among FEM programmes. Submerged arc welding
method has been used, which has larger HAZ region when com-
pared to other welding methods. During welding process, ESAB
LAW 1000 DC submerged arc welding machine has been used.
Tensile test samples have been derived in parallel to weld bead
from the welded workpiece. As a result of the study, thermal and
mechanical analyses results of the workpiece have been obtained
[3]. Kaya, in his study, has compared consistency between experi-
mental hook results of the welded steel material with st-37 quality
and the numeric results. Workpiece has been connected by means
of MAG, TIG and submerged arc welding methods, and micro
structures have been examined under the microscope. Modelling
has been realised in computer-aided environment by using date
such as mechanical properties and welding parameters of the ma-
terial as derived from the results obtained by means of experi-
mental examination of the parts. ABAQUS software has been se-
lected to apply finite elements method. It has been observed that
analysis results and experimental results of the solved mathemati-
cal model are consistent [4]. Wu et al. present simulation of a butt-
welded workpiece, welded by fusion, solved by means of finite el-
ement method. In order to simulate 3-dimensional welding process
modelled as one-run, 2-dimensional finite elements method analy-
sis has been used. In order for finite elements solution, ANSY'S has
been used, while temporary thermal analysis has been applied to
obtain heat distributions. It has been assumed that HAZ, whose
mechanical properties are not known exactly, and the welding
metal have the same properties with the workpiece. They have
proved that results of analysis are consistent with the experimental
results [5]. Wen et al. have modelled a multistranded submerged
arc welding process by using a finite element package ABAQUS
for general purposes. Production of thick-walled pipe weld with
2D and 3D models is simulated. Results, obtained by considering
and non-considering residual stress occurring in pre-welding pro-
cess, have been compared to experimental data. It has been de-
tected that distortions, occurring as a result of welding process, can
be decreased by means of process improvements. It has been ob-
served that future processes can be improved by means of finite
elements method [6]. Gunaraj and Murugan have developed a
mathematical model in order to examine the effects of process var-
iants and heat inputs upon requirement for selecting conditions to
provide predictable and repeatable weld-bead, which is critical to
acquire high quality. In such study, colour metallography tech-
nique and response surface methodology have been used. It has
been observed that heat input and feed rate have positive impact
on HAZ; however, it has been stated that welding speed has nega-
tive impact on HAZ properties. It has been observed in the sample
that the increase in voltage results in increase in the grain size, and
maximum HAZ width has been obtained at minimum welding pro-
gress and wire feed speed [7]. Song et al. Carried out a study in
order to evaluate sensitivity of thermomechanical responses

against the changes in parameters of various materials of welded
connections. Thermoplastic material model, independent from
speed, with low deformation and having thermal material proper-
ties, has been adopted. Connection of stainless-steel AL-6XN by
corner weld has been examined [8]. In their study, they have car-
ried out experiment and analyses in order to evaluate geometrical
parameters of double ellipsoidal heat source model of John Goldak.
For welding simulation, the commercial software Sysweld, found
prevalently as FEA means, has been selected. They have carried
out the experimental study on AS 3678-250 with the size of
200x100x12 mm3. Macro images of the obtained results have been
examined and validation has been made [9]. Piekarska and Kubiak
have studied on mathematical modelling and numerical analysis in
order to determine thermal factors, which are highly impossible to
be determined experimentally in laser weld and laser arc weld, and
the parameters to be used in production. It has been observed that
laser arc weld enables to double the progress speed when com-
pared to the laser weld, that laser arc is better in longer workpieces,
that negative impacts in laser arc weld are less in HAZ region when
compared to laser weld due to cooling speeds. The mathematical
modelling formed has shown compliance to the experimental re-
sults [10].

Nezamdost et al., in one of their studies, provide information
about a numerical and experimental research in order to compre-
hend and improve computer methods in implementation of Goldak
model to estimate thermal distribution of AP1X65 pipe line steel at
submerged arc welding. It has been aimed to control micro struc-
tures and mechanical properties. The analysis has been carried out
by ABAQUS programme as 2D and 3D. It has been observed that
residual stress of analyses can be used effectively in prediction and
2D analysis is much more advantageous in terms of time and cost
when compared to 3D analysis. It has been observed that experi-
mental results are in compliance with the analysis [11].

Fachinotti et al. have formed a series of walls from alloy by us-
ing Shaped Metal Deposition (SMD) welding machine, and ana-
lysed the heat transfer problem occurring during layer deposition
at every case. Samples have been formed by various process pa-
rameters (number of layers, height of layer, wire feed speed, mo-
tion speed, heat input, etc.) and Wall dimensions. A finite element
model has been created in order for thermal analysis of such dep-
osition process. Such numerical model has foreseen a real-like
welding [12]. Pu et al. have studied on three different modelling in
order to search residual stress and distortions occurring after weld-
ing process: the model with heat source moving at multiple-run
butt-welding applied to high tensile Q345 steel; the model called
as incident heat source; and the model with intense mesh network.
Mechanical properties of welding metal and workpiece as well as
yield stress differences have been taken into consideration. In order
to see residual stress and deformation amounts, perforation and
three-coordinate measurement system have been used. It has been
observed that experimental results of moving heat source can be
estimated better; that incident heat source model can foresee rea-
sonable result only for residual stress; that the model with intense
mesh network can potentially estimate residual stress in thick
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workpieces [13]. Knoedel et al., in their research examining prac-
tical aspects of welding simulation, have analysed a simple but ef-
fective engineering approach for calculation of residual stress dur-
ing welding process by means of finite elements method increased
currently. ANSYS software has been used for finite element anal-
ysis. One-run welding has been made by HT-steel and S355J2. The
results obtained have been compared to the experimental results in
the literature and it has been observed that they are consistent [14].
Yadav et al. have carried out submerged arc welding experiments
on low carbon steels. They have examined HAZ area deformations
and weld-bead. They have carried out analysis in order to calculate
fluid flow and heat transfer by modelling the heat source. Model
of three-dimensional oval heat source has been obtained from ex-
perimental weld geometry. In their study, they have put forward
that there are micro structural examinations on the samples, signif-
icant grain growth in the heat-affected area, and thin and equiaxed
grains in fusion area [15]. Podder et al, in their study, have dealt
with double ellipsoidal heat source model at submerged welding
of low carbon steels between 6- and 16-mm. Arc efficiency has
been accepted as 0.9. 1200 A constant current has been applied
during welding; the workpiece has been welded by using copper-
covered electrode with a diameter of 4 mm. In this study, parts with
thicknesses of 6, 8, 10, 12 and 16 mm have been used. The tem-
perature at upper and lower surfaces have been measured by ther-
mos-couples. Two thermos-couples have been positioned upper
and lower parts of the place and 25 mm away from the weld-bead.
Regression equation has been formed by measuring related param-
eters of weld pools and by means of experiments. Model and anal-
ysis have produced consistent results [16].

Minh and Phu, in one of their studies, have examined defor-
mations on the welded material by simulation and experiment.
They modelled a connected joint geometry structure by using
Simufact welding software based on thermo-elastic-plastic ap-
proach, and have made simulations. In order to compare the results

of simulation, digital gas metal arc welding has been used and ex-
periments have been made with three different welding sorting and
put forward deformation amounts of them. The first welding sort-
ing has been made from left to right; the second outside to inside;
and the third from inside to outside. In such experiments, low car-
bon steel AISI 1005 has been selected as base metal. When the
results are examined, it has been determined that thermo-elastic-
plastic 3B FEM analysis show compliance with experimental re-
sults, and “inside to outside” welding sorting causes less deteriora-
tion when compared to the “outside to inside” sorting. Moreover,
deformation profiles are the same in three processes. However, de-
formation values change significantly. The biggest deformation
occurs in process no. 1; it decreases significantly in processes no.
2 and 3 [17]. Zhang et al. have examined welded manufacturing of
vacuum reservoirs (VV) of Chinese Fusion Engineering Testing
Reactor (CFETR) which have close tolerance. They have analysed
1/32 scale model they formed in ABAQUS package programme.
During the analysis, three different TIG weld-beads have been
simulated. It has shown that the main welding stress have occurred
in welding area, and maximum deterioration in the Shell close to
the welding connection between internal and lower parts. Finite el-
ements model has included 90.280 mesh and 135.988 nodes.
While the internal segment, upper segment and lower segment
have deteriorated vertically towards inside of the Shell; central seg-
ment (PS3) has deteriorated vertically towards outside of the Shell.
An optimised welding sorting has been obtained and could be ap-
plied to practical installation of 1/32 VV model [18].

In this study, the objective is to put forward distortions, temper-
ature distributions and effective stresses of a part produced from
S355J2+N and to be connected by MAG welding method. Related
part is an element transmitting thrust in front loader of tractors and
it is shown in Figure 1. For experiments, 3 welding sorting has
been determined and 3 sample parts have been produced for each
process.

In Table 1, mechanical and chemical properties of the samples
to be welded and the welding wire are shown. Here, while select-
ing the materials, technical compliance with the areas to be used in

Fig. 1. The part transmitting thrust in front loader of tractors

tractors have been taken into consideration. SG-2 welding wire has
been used.
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Table 1. Chemical and mechanical properties of steel and welding wire.

. C Si Mn S Cr Ni Al Cu Cev
Chemical %
sassizeN | PIOPEUES 000 024 040 0010 0005 013 012 - 020 -
Steel F : - =S ——
Mechanical Yield strength Tensile strength Notch impact strength (-20°C)  Elongation %
roperties N/mm2 J %
prop 365 532 27 2
. C Si Mn S Cr Ni Al Cu Cev
Chemical %
SGo Wel P 508 085 145 : - : : :
ding wire ) Yield strength Tensile strength Notch impact strength (-30°C)  Elongation %
Mechanical N/mm2 J %
properties 420 500 - 640 47 22

During welding process, HB-105 mixed gas at M14 standards
produced for MAG welding has been used. Chemical formula of
the gas includes 95% Ar, 3% CO; and 2 %0,. Welding parameters
have been fixed for all processes. Welding flow and voltage are
respectively 245A and 26.2V. Progress rate is 0.0057 m/s in planar
welding areas; and 0.008 m/s in circular areas.

......

........... Convection
Conduction
Radiation

Fig. 2. Heat transfer points on the workpiece

In Figure 2, areas on which heat transfer has realised during
welding on the workpiece are shown. In this part, heat transfer is
realised by 3 ways as radiation, convetion and conduction. Move-
ment directions in the figure have been shown symbolically. Equa-
tion 1 is given in the simplest form of heat transfer by radiation
[19].

Qrad = €04, (Ts4 - Tsir‘r) @)

Here, Q,qq Iisthe amount of heat transfer by radiation (W), T
surface temperature (K), Tg,. ambient temperature (K), Ay sur-
face area (m?) ¢ emission coefficient (emissivity), o Stefan-Boltz-
mann constant (5.67x108 Wm2? K, « is the absorbance ratio.

Heat transfer by convection is the transfer of energy from solid
surfaces to liquid or gas. It can be calculated by Equation 2 [20].

Qconv = hAs(Ts — To) @)

Here, Qony iS the convection heat transfer amount (W), h is
the heat transfer coefficient (Wm2K™?), A, is the surface area (m?),
Ts is the surface temperature (K), T.. is the ambient temperature (K).

In conduction heat transfer, energy is transferred from the
higher-energy one to the less-energy one of the interacting neigh-
boring particles, and it can be expressed by equation 3 [20].

. A d
Qcona = _kAé = _kAd_i (3)

0.ona @mount of heat transfer by conduction (W), A area (m?),
k thermal conductivity coefficient (Wm™ K%) dT temperature dif-
ference (K), dx thickness (t). The heat inputs of the welding zone
can be expressed with the following equations [20].

P=E.I @)
P.60

Q = fv.lOOO (5)
E.I1.60

Q = fv.lOOO (6)

Here Q is the amount of heat per unit length of the welding pass
(kdm™), P is the total energy taken from the heat source (W), E is
the arc voltage (V), | is the arc current (A) f is the heat conduction
efficiency. This value is about 0.8 in arc welding with covered
electrodes. v is the welding speed (m/min).

2. Material and Method

Welding robot used is the KR 8 R2100-2 arc HW model of
KUKA brand, which can be seen in Figure 3 while being pro-
grammed. Welding paths are programmed by using handheld ter-
minal by the operator. Technical properties of KR 8 R2100-2 arc
HW model have been shown in Table 2.

In the experiment, TPS/i 320 A model of Fronious brand has
been used as gas arc welding machine integrated with KUKA ro-
bot. Technical properties of TPS/i 320 A model have been given
in Table 2.
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Fig. 3. Welding robot

Table 2. Technical properties of KR 8 R2100-2 arc HW ve TPS/i 320
A model [21-22]
KR 8 R2100-2 arc HW Welding Robot

Maximum reach mm 2101
Maximum carrying capacity kg 9,3
Payload kg 8
Nominal additional load turnt kg 0/01/10
able/connecting rod/lever
Position repeat accuracy mm + 0,04
(ISO 9283)
Number of axles 6
Installation area mm 430,5x 370
Weight kg 260

TPS/i 320 A Welding machine
Maximum welding current A 320
Minimum welding current A 3
Welding current / Duty cycle 320 / 40%
[10min/40°C]
Welding current / Duty cycle 260 / 60%
[10min/40°C]
Welding current / Duty cycle 240 / 100%
[10min/40°C]
Operating voltage \ 14.2-30
Open-circuit voltage V 68
Mains frequency Hz 50-60
Mains voltage [+/-15%)] V 3 x 400
Mains fuse A 35
Size / Width mm 300
Size/Length mm 706
Weight kg 33.7
Protection class - 1P23

In Figure 4-a, connection of sample to be welded for tempera-
ture measurement with experimental setup is shown. Here, tem-
perature is measured by technical K type thermo-couple from 4
different points. K type thermo-couples have been produced from
NiCr-Ni alloy. Temperature measurement interval is between -200
and +1200 °C and voltage interval is between -5.891 and 54.807
mV.

Proses 2 Proses 3

b
Fig. 4. Experimental setup (a), Welding sorting for each process (b)

Proses 1

While the experiments are carried out, 3 processes have been
realised with different welding sorting. Moreover, after the start of
welding process, temperature has been recorded for 3000s. Weld-
ing sorting of such processes are shown in the Picture in Figure 4-
b by numbers. 3 sample parts have been used for each process in
order to put forward validity of the experiment. In process number
1, welding sorting has been planned from outside to inside. The
welding root takes position to weld firstly the welding lines no. 1
and 2. Then, welding is made in no. 3 and 4 in symmetry. Finally,
no. 5, 6 and 7 are welded and the process is completed.

In Process number 2, a welding progress have been aimed from
inside to outside. While the welding root takes position to weld
firstly the welding lines no. 1, 2 and 3, welding is made in no. 4
and 5 afterwards. Finally, no. 6 and 7 are welded and the process
2 is completed. In process number 3, a welding progress have been
aimed from right to left. The welding root completes circular the
welding lines no. 1 and 2, and positions the workpiece in planar
position and welds no. 3, 4 and 5. Finally, no. 6 and 7 are welded
circularly and the process is completed. After the welding process,
the parts are left for cooling.

During welding process, time-dependent temperature curves are
formed. It has been observed according to the measured tempera-
tures that the highest temperatures are between 250°C - 255°C. It
has been observed at the end of 3000 seconds that the temperature
of workpiece is around 50°C. Such temperature is not over the
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room temperature.

Values obtained from temperature sensors have continued for
3000 seconds as of the initiation of welding process. Time-depend-
ent graphics of temperatures of sample 1-1, 1-2 and 1-3 belonging
to process 1 are shown in Figure 5. Here, the highest temperature
has been measured as 255°C. It has been observed at the end of
3000 seconds that the temperature of workpiece is around 50°C.

Sample 1-1

]
°

Tempereaure (°C)
o e e
i<}
&

1000 500 1000

Time (s)

Sample 1-2

1500
Time (s)

Moreover; it has been observed that the highest temperature in
measurement points for 3 sample parts are in points 1, 2 and 3. The
temperature at such points is around 250°C. The measurement
point no. 4 differs from the others with a temperature of 150°C. At

the end of the measurement, the temperature for 4 measurement
points is approximately 50°C.

Sample 1-3

BoE R o= N NNN
N 0 Y 9N O N
W o w e ;o un

o n
N

Temperature (°C)
g

2000 1000

Fig. 5. Time-dependent graphic of 3 samples for Process 1

In Process 2, a welding process progressing outside to inside has
been aimed. Time-dependent graphics of temperatures of sample
2-1, 2-2 and 2-3 belonging to process 2 are shown in Figure 6. Here,
maximum temperatures at measurement points for each welded

Sample 2-1
300

250

~
Q
S

Temperature (°C)
= -
=3 w
8 S

Temperature (°C)

«
o

2500 3000 o

500

1000
Time (s)

Sample 2-2

1500
Time (s)

sample are balanced and close to each other. Maximum tempera-
ture value taken from the sensors is 220°C. At the end of the meas-

urement, the temperature for 4 measurement points is approxi-
mately 50°C.

Sample 2-3

Temperature (°C)

2000 2500 3000 0

500

1000 1500

Time (s)

2000 2500 3000

Fig. 6. Time-dependent graphic of 3 samples for Process 2

In Process 3, a welding process progressing right to left has been
aimed. Time-dependent graphics of temperatures of sample 3-1, 3-

Sample 3-1

2 and 3-3 belonging to process 3 are shown in Figure 7. Tempera-

ture curves in measurement points of Process 3 are similar to the
process number 2.

Sample 3-2 Sample 3-3
300 300 300
cl cl
cl
250 2 250 2 250
c2
—c3 =3
o _— — =3
S 200 —ca o 200 —ca © 200
= = o —c4
o
o 2 =
5 = S
© 150 T 150 ® 150
-] @ @
> - -3
E E E
& 100 & 100 & 100
50 50 50
0 0 0
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Time (s) Time (s)

Time (s)

Fig. 7. Time-dependent graphic of 3 samples for Process 3
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When temperature-time graphics are examined, it is observed
that welding process is completed at lower temperatures in process
2. It has been observed that the temperature measure in C4 point is
lower than the temperatures measured in other points in all pro-
cesses. Especially in process 1, low temperature in C4 point is
more distinctive.

Process 3

3. Three-Dimensional Measurement Results

After completion of welding process, 9 samples belonging to 3
processes have been screened by laser screening device and three-
dimensional models have been created. In Figure 8, displacements
belonging to surfaces exposed to the highest number of displace-
ments after welding processes are shown.

Fig. 8. Surface displacements measured by laser for all processes

Datum Sylinder A

Circle 4 Circle 3
/

Circle 1

Circle 2

Fig. 9. Displacement areas on the part

When the figure is examined, displacements occurring in weld-
ing areas in all processes are evaluated as normal. However, when
displacements on surfaces composing cylindric areas are examined,

it can be said that the least amount of displacement has occurred in
process no. 2 and the highest amount of displacement has occurred
in process 3.,

In Figure 9, displacements in cylindric and circular areas after weld-
ing are shown. Displacements in all processes have remained within
tolerances. However, the least amount of displacements after welding
has occurred in Process 2. In Table 3, ideal measurements and the dis-
placements after welding process are shown.
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Table 3. Displacement values of cylindric an circular areas on the part af-
ter welding process.

< 17 17 17
< 8 8 8
E 5= 58 5@
o o o o
= o o o
mm mm mm mm
Datum Measurement 42.19 42.15 42.14
cylinder  42.35 Dev. -0.16 -0.20 -0.21
A
Circle Measurement 42.17 42.24 42.10
42.35
1 Dev. -0.18 -0.11 -0.25
Circle Measurement 42.27 42.29 42.33
43.15
2 Dev. -0.88 -0.86 -0.82
Circle Measurement 42.19 42.3 42.19
42.35
3 Dev. -0.16 -0.05 -0.16
Circle Measurement 42.36 42.25 42.37
43.15
4 Dev. -0.79 -0.59 -0.78

4. Microstructure examination

A-A Section

C

—— — — C-C Section

Microstructure analysis is carried out by enlarging sections
taken from the workpiece by 10x at maximum under the micro-
scope and by cauterising with acid after being prepared metallo-
graphically. For corner welds in microstructure analysis, weld
thickness, penetration, discontinuities are determined. Areas,
where microstructure analysis has been carried out, are formed by
taking sections shown in Figure 10. Macro image obtained from
the welding area number 1 has been given in Figure 10-b. It has
been observed that welding constrictor thickness of such area is
5.644. Penetration value is 1.645 mm for part 1; and 1.050 mm for
part 2. Root penetration is 0.811 mm. The section taken from weld-
ing area number 2 is shown in Figure 10-c. Welding constriction
thickness in such area is 5.245 mm; penetration value is 1.232 mm
for part 1; and 1.220 for part 2. The section taken from welding
area number 2 is shown in Figure 10-c. While welding constriction
thickness is read for such area; it is observed that the root penetra-
tion value is 1.164 mm for part 1. Microscopic image of the weld-
ing are number 3 is shown in Figure 10-d. Welding constriction
thickness in 5.716 mm; welding penetration is 1.145 mm for part
1, 1.145 mm for part 2. It has been observed that measurements of
all samples are within acceptable limits.

Fig. 10. Microstructure examination of welding areas. Section areas (a) welding of sections (b, ¢ and d)
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5. Conclusion and Suggestions

As a result of the measurements carried out, total cylindric and
circular displacements are as process 2 (1.22 mm), process 3 (2,12
mm) and process 1 (2.17 mm) in ascending order. Lower amount
of displacements in process 2, when compared to the others, results
from occurrence of welding process at lower temperature.

Such situation prevents re-arrangement of the part or becoming
unusable after the end of welding process. Maximum temperature
values obtained from measurement points for the process number
1 at measurement points 1, 2, 3 and 4 are respectively as 270 °C,
265 °C, 380 °C ve 242 °C. Maximum temperature values obtained
from measurement points for the process number 2 at measure-
ment points 1, 2, 3 and 4 are respectively as 260 °C, 242 °C, 238 °C
and 272 °C. Maximum temperature values obtained from meas-
urement points for the process number 3 at measurement points 1,
2, 3 and 4 are respectively as 255 °C, 243 °C, 310 °C and 240 °C.

As aresult of 3-dimensional measurements, maximum displace-
ments of surfaces in process number 1 is respectively as 0.40 mm,
0.41 mm and 0.80 mm’, 0.07 mm, 0.70 mm, 0.74 mm; in process
number 2 as 0.10 mm, 0.28 mm and 0.83 mm, -0.16 mm, 0.61 mm,
0.67 mm; and in process humber 3 as 0.71 mm, 0.77 mm and 1.39
mm, -0.17 mm, 0.70 mm, 0.73 mm. When such values are exam-
ined, displacement values of process 2 are lower than the others.
Welding process at lower temperatures put forward positive results
in displacements.

Penetration values for welding taken from workpieces are 1.232
mm for part 1 and 1.220 mm for part 2 in area number 1. Root
penetration is 1.164 mm. In area number 2, it is 1.232 mm for part
1 and 1.220 mm for part 2. Root penetration is 1.164 mm. In area
number 3, it is 1.232 mm for part 1 and 1.229 mm for part 2. Root
penetration is 1.164 mm. According to related measurements,
welding areas in all processes have compliant values.
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Nomenclature

CAE
FEA
FEM
HAZ
MAG
MIG
TIG
ANN
Min

: Computer Aided Engineering
: Finite Element Analysis

: Finite Element Method

: Heat Affected Zone

: Metal Active Gas

: Metal Inert Gaz

: Tungsten Inert Gaz

. Artificial Neural Networks
: Minute

: Celsius

: Temperature factor

: Stefan-Boltzmann constant
: Kelvin

: Ampe

: Voltage

: Karbon

Silisium

Mangan

Phosphor

Argon

Sulphur

Aluminium

Rear length

front length

Hertz
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