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Abstract

The Gas Metal Arc Welding process is widely used in many appliances because of its
versatility. The change of shape and dimensions that occur after welding is known as
distortion that leads to undesirable results. And to overcome this, it requires reducing the
distortion within the limits. A large number of resources are used recently for reworking the
weld. But it causes higher cost of production and delay for completing the work. Higher
amount of residual stresses may generate if the distortion is controlled physically during
welding. This work is aimed to predict and reduce distortion with optimization of GMAW
process parameters such as welding current, welding speed and wire feed rate. Using three
levels three factors full factorial method, effects of process parameters can be determined and
the parameters can be optimized. Simufact Welding V6.0 Software is used in this work for
finite element analysis of welding distortion. A confirmatory test has also been performed for
validation of the result obtained by Simufact Welding V6.0. Prediction helps mitigate the cost
of experiments and provides better accuracy for obtaining the results such as, temperature,
heat distribution, stress distribution and distortion.
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INTRODUCTION

Welding is the most important process among
different joining processes; it is used for large
structures and industrial applications [1]. And
it is considered one of the most efficient,
dependable, and economical means of
fabrication to join metals permanently. Gas
metal arc welding (GMAW) is one of the
popular arc welding processes that has been
applicable in a wide range of plate thicknesses
due to its high productivity and ease of
operation [2].

Mild Steel — IS 2062 material is used in this
work (Table 1).

This work is aimed to predict distortion and
minimize it using optimization method.
Distortion takes place during welding of a

Hydraulic shearing machine pressure plate
square (Figure 1).

DISTORTION IN WELDING

Distortion in welding takes place if the thermal
expansion and contraction are nonuniform
caused by nonuniform distribution of
temperatures and localized heating [3].

Table 1. Chemical Composition of IS 2062 [9].

Elements Contents
Carbon, C 0.22
Manganese, Mn 1.40
Silicon, Si 0.40
Sulphur, S 0.045
Phosphorous, P 0.045
C.E. Value 0.41
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The nonuniform distribution of temperature
during welding results in increase in strains
that generate self-residual stresses which are
self-balancing. The stress distribution presents
in the structure even after cooling down to
atmospheric temperature [4].

Welding residual stress and distortion are
strongly linked together [5]. The excessive
weld distortion deteriorates the dimensions
and performances of the structures and
influences the appearance of the finished
products [6]. Distortion and residual stresses in
base metal get generated. Because during
welding, high amount of heating takes place
and further it cools down rapidly.

DESIGN OF EXPERIMENTS

In the last few decades, many researches have
been done in order to control process
parameters of welding for minimizing
deformations and residual stress. Structural,
welding parameters and material parameters
highly affect distortions [7].

Reduction of the computational time and
complexity of transient nonlinear problems
such as the welding process is one of the
active research areas in engineering fields.
Numerous studies have been published in this
area of study [8]. Optimization is required for
reducing the weld simulation parameters cost
incurred and time consumption. It is necessary
to choose appropriate parameters in order to
obtain the required weld bead shape [9].

Three level three factors general full factorial
design is implemented for optimizing the
existing parameters. Three parameters:
Current, Welding speed, and Wire feed rate
have been considered (Tables 2 and 3).

Fig. 1: Pressure Plate Square.

SIMULATION AND ANALYSIS

The finite element method has been proven to
be a very suitable tool for the thermo-
mechanical analysis of welding and to estimate
the resulting residual stresses and distortions
(Figure 2) [10]. The name FEA comes from
the way, a complicated model is divided into a
model that is built by small elements [11].
However, it is difficult to obtain a complete
analytical solution to predict angular distortion
that may be reliable over a wide range of
processes, materials, and process control
parameters so as to reduce the angular
distortion in the welded plates [12].

Table 2: Range of Parameters.

Current | Welding Speed | Wire Feed Rate
(A) (mm/s) (mm/s)
Lower 170 35 75
Medium| 180 40 80
Higher 190 45 85

Table 3: Design of Experiments.

Experiments|Current|Welding Speed|Wire Feed Rate
1 180 40 80
2 190 40 85
3 190 45 85
4 190 40 80
5 170 35 85
6 180 35 80
7 190 45 80
8 180 45 85
9 170 45 80
10 180 40 75
11 180 45 75
12 180 45 80
13 170 40 85
14 170 40 80
15 170 40 75
16 170 45 75
17 170 35 75
18 170 45 85
19 180 35 75
20 190 40 75
21 180 40 85
22 170 35 80
23 190 35 80
24 190 35 85
25 190 45 75
26 190 35 75
27 180 35 85
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Fig. 2: Hydraulic Shearing Machine Pressure
Plate Square.

The trial-and-error experimental methods were
generally used for establishment of
conventional manufacturing processes. There
are many disadvantages of trial-and-error
methods like, requirement of higher amount of
material, energy, fumes and emissions,
labours, procedure significant waste [13].

FEM simulation is a method with respect to
experimental techniques incorporated for
determining the interaction effects between
complex physical phenomena in welding
process [14].

Conventional numerical techniques proved to
be highly time consuming and thereby
prohibitively expensive in real life welding
situations [15]. The predictions are helpful in
order to control welding deformations. Thus, it
is very important to develop a very effective
method for accurately predicting welding

deformations [16]. In weld simulation,
computational ~ software  like  ANSYS,
ABAQUS and SYSWELD are popular.
ANSYS and ABAQUS require complex
subroutines programming, whereas SYSWELD
is specifically designed for various heat
treatment and welding processes [17].

Welding simulation program is a commercial
FE-based welding simulation program named
Simufact welding. It executes the welding
simulation based on input file and stores the
desired output results. It has the ability to
simulate welding process models with multiple
welding robots working at the same time or
different times, flexibility to define or modify
welding parameters, paths, directions and
simple automatic batch running option useful
for simulation-based numerical optimization
[18-20].

Step: 1: 3D Modelling
Length: 2500 mm
Thickness: 65 mm
Width: 100 mm

Strip Thickness: 10 mm
Strip Width: 38 mm
Material: IS 2062

Step: 2: Meshing
Meshing was done using MSC MARC Mentat
Student Edition and Gmsh Softwares (Figure 3).

First, the pressure plate square and the strip
were meshed using MSC MARC Mentat, and
then for fine meshing, they were meshed in
Gmsh (Figure 4).

3
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b

Fig. 3: Meshing Pressure Plate Square using MSC Marc.
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Fig. 4: Re-meshing the Pressure Plate Square using Gmsh.

Step: 3 — Simulation and Assembly in Simufact Welding (Figure 5)

Information

Fig. 5: Assembling the Components and Setup in Simufact Welding.
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Step: 4 — Distortion Anal
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Fig. 6: Result of Analysis.

After analysis, the minimum amount of
distortion is 20.14 mm (Figure 6).

EXPERIMENTAL SETUP

As shown in Figure 7, the experiment was
performed with optimum process parameters
for validation of results obtained by Simufact
welding.

Fig. 7: Experimental Setup.

The Optimum Parameters are:
Current: 170A

Wire Feed Rate: 75 mm/s
Welding Speed: 45 mm/s.

For obtaining uniform velocity during the
process, a setup was established as shown in
Figure 8. The welding torch was moved with a
uniform speed of 45 mm/s. Where, current and
wire feed rate are set 170A and 75 mm/s,
respectively.

Fig. 8: Experimental Setup for Validation.
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MEASUREMENT OF DISTORTION
The distortion after validation of experiments
was measured using vernier height gauge as
shown in Figure 9.

The maximum amount of distortion in pressure
plate square was found in the center of its
length.

The measure of distortion is 22.76 mm by
performing experiment at optimum process
parameters.

RESULTS AND DISCUSSION

The minimum amount of distortion is found to
be 20.14 mm after analysis using Simufact
welding (Table 4).

Fig. 9: Measurement of Distortion.

Table 4: Results of Analyses.

Current Welding \Ié\gerg Distortion
It is observed from the results (Table 4) that Experiments A) Speed | poie (mm)
the Optimum Parameters, i.e., current, welding (MM/S) | (mmys)
speed and wire feed rate are 170A, 45 and 1 170 35 75 2290
75 mm/s. 2 180 40 85 23.20
The effect of each parameter on distortion is 8 170 40 80 22.65
shown in Figure 10. 4 170 45 75 20.14
5 180 45 75 22.73
It can be observed that, current has the 6 180 35 50 23.36
maximum effect on distortion, where welding '
speed has less effect than current and wire feed ! 180 45 80 23.22
rate has comparatively minimum effect than 8 190 45 80 24.06
the other parameters. 9 180 35 85 23.93
) ) ) o ) 10 170 45 85 21.83
e Distortion increases with increase in m 190 s o 2423
current, thus it is directly proportional to :
current. 12 190 35 85 26.20
e Distortion decreases with increase in 13 190 45 85 24.30
welding speed, thus it is inversely 14 190 45 75 22.50
proportional to welding speed. o 15 190 40 85 25,32
e Distortion increases with increase in wire 16 190 s %0 2540
feed rate, thus it is directly proportional to .
wire feed rate. 17 170 40 85 23.00
18 170 45 80 21.00
After_ comparing_ the _resu_lts_ obtained by 19 190 40 80 24.32
experiments and simulation, it |s_obse_rved that 20 180 0 80 22 63
the minimum amount of distortion was 21 70 0 - 2150
20.14 mm using SIMUFACT WELDING and i
22.76 by performing experiments. 22 170 35 80 23.29
23 180 40 75 21.80
The ?m_ount of Ipercedntage si_milaritly beIV\I/ee_n 24 180 45 85 2205
simulation result and experimental result is
- ) 25 190 40 75 23.79
87.00% which shows that the predicted
amount of distortion is very close to 26 180 35 5 23.03
experimental result. 27 170 35 85 23.96
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Fig. 10: Main Effect Plots.
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Fig. 11: Interaction Plot of Current and Welding Speed.
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Fig. 12: Interaction Plot of Current and Wire Feed Rate.
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Fig. 13: Interaction Plot of Welding Speed and Wire feed Rate.
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Fig. 15: Residuals versus the Fitted Values.
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Fig. 16: Histogram of Distribution of Results.

From the interaction plot (Figure 11), it can be
observed that,

When the current is 170A and the welding
speed increases from 35to 45 mm/s, the
amount of distortion decreases
significantly.

When the current is 180A and the welding
speed increases from 35to 45 mm/s, the
amount of distortion decreases during
35 to 40 mm/s and then slightly increases
during 40 to 45 mm/s. When the current is
190A and welding speed increases from
35 to 45 mm/s, the amount of distortion
decreases significantly.

Thus the interaction effect of current and
welding speed will result in decreased
amount of distortion.

When the current is 170A and the wire
feed rate increases from 75 to 85 mm/s,
the amount of distortion increases (Figure
12).

When the current is 180A and the wire
feed rate increases from 75 to 85 mm/s,
the amount of distortion increases. When
the current is 190A and the wire feed rate
increases from 75 to 85 mm/s, the amount
of distortion increases.

Thus the interaction effect of current and
wire feed rate will result in increased
amount of distortion.

When the wire feed rate is 75 mm/s and
the welding speed increases from 35 to
45 mm/s, the amount of distortion
decreases.

When the wire feed rate is 80 mm/s and
the welding speed increases from 35 to
45 mm/s, the amount of distortion
decreases. When the wire feed rate is
85 mm/s and the welding speed increases
from 35to 45 mm/s, the amount of
distortion decreases (Figure 13).

Thus the interaction effect of wire feed
rate and welding speed will result in
decreased amount of distortion.

From the above graphs, it can be observed that
the observed values of distortion and the
predicted values are having good similarity.

From Figure 14, the normal probability plot
shows that the obtained results are very close
to the straight line, it can be said that the
observed data of distortion is normally
distributed around the mean line.

Figure 15 represents residuals versus the fitted
values. The observations range from 20.14 to
26.20 mm. From the graph, it can be observed
that there is no particular pattern generated for
the results. Hence, the observations are almost
equally distributed around the residual mean
line.

Figure 16 represents the frequency of
observations for the range of 20.14 to
26.20 mm. The maximum amount of

observations was found between 22.5 and
23.5 mm.
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CONCLUSION

The optimum values of current, wire feed rate
and welding speed are 170A, 75 mm/s and
45 mm/s, respectively. This gives minimum
amount of distortion, i.e., 22.76 mm.

The percentage similarity between simulation
result and experimental result is 87.00% which
indicates that SIMUFACT WELDING is
beneficial for predicting and minimizing
distortion with accurate results.

By performing ANNOVA, it was found that
the current has maximum effect on distortion,
where welding speed has less effect than
current and wire feed rate has the minimum
effect on distortion than these above
parameters.

Using finite element analysis method, it
becomes more beneficial for predicting
distortion to improve weld quality. The
combination of design of experiments and
finite element method leads to high reduction
in cost of experiments and time consumption.
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