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Thermal deformations can reduce the product quality that causes loss of dimensional control
and structural integrity. It may increase the manufacturing cost due to unfitted component. This
paper deals with the thermal deformation on AA6061 aluminum alloy T-joint after exposed to
heat by gas metal arc welding (GMAW) process. In this study, two main parameters; welding
speed and welding voltage were used to evaluate the angular distortion, transverse shrinkage
and longitudinal shrinkage occurred in GMAW process. The results show that the angular
distortion is larger with lowest welding speed. The transverse shrinkage is reduced gradually
with increasing of welding speed and transverse shrinkage also linearly increasing with
increasing of welding voltage. The magnitude of longitudinal shrinkage is much smaller than
angular distortion and transverse shrinkage. Longitudinal shrinkage is insignificantly affected
by changing the welding heat input. These findings are important to identify and minimize the
unacceptable welding distortion in product manufacturing.

© 2018 by the authors; licensee Growing Science, Canada.

1. Introduction

Thermal deformation is an unavoidable effect that might influence the accuracy of assembly and
external appearance of the weld joint. It occurred due to local thermal cycle during welding that
response to a change temperature through heat transfer and can be temporary or residual. In a few
decades, the attention in using aluminum greatly has increased as a structural material. However, the
distortion issues in welding aluminum are much more severe than those of steel, since it has volume
shrinkage as large as 6% (Li et al., 2009). Research studies had identified thermal deformation and
classified into six types; angular distortion, longitudinal shrinkage, transverse shrinkage, longitudinal
bending distortion, buckling distortion and rotational distortion (Radaj, 1992; Liang & Hidekazu,
2012). Fig. 1 shows the type of thermal deformation in welding process. The inherent deformations are
mainly determined by welding input, the thickness of material and type of welding joint. The initial
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attempt to investigate changes in the thermal deformation was primarily conducted by Masubuchi
(1980). In general, thermal deformations in welding process are affected by various factors such as
welding method, materials, joint geometry, weld length and thickness of plate (Teng & Lin, 1998; Soul
& Hamdy, 2012; Aliha et al., 2016; Aliha & Gharebaghi, 2017; Akbari et al., 2016).

L =

(a) Angular distortion (b) Transverse shrinkage (c) Longitudinal shrinkage
(d) Rotational distortion (e) Bending distortion (f) Buckling

Fig. 1. Types of thermal deformation in welding.

In gas metal arc welding (GMAW), the non-uniform temperature field across the joint and base
metals caused by the heat source. The process cycle of thermal expansion during welding and
subsequently contraction by cooling stage at elevated temperature results in unavoidable distortions
and residual stresses in the joint and base metals (Gourd, 1995; Puchaiccela, 1998; Gery et al., 2005;
Sluzalec, 2005). Long et al. (2009) summarized that the causes of welding deformation are divided into
three factors, there are change of volume on solidification, contraction of solid metal and liquid metal.
These distortions were expected to occur to the welding plate during cooling period which can caused
transient or residual. During fusion welding, the melted metal may irregularly contracts on cooling
from the solidus to room temperature that may result in shrinkage on the welds. It also results in exerting
an eccentric force on the weld cross section (Masakazu & Toshiyuki, 2006). The distortion is strongly
correlated to the degree of joint restraint and amount of residual stress during welding. There is an
advantage for joining with lower degree of restraint because it generates less residual stress, however
it leads to higher distortion. On other hands, the higher degree of resistance in welded joint has lower
distortion but leads to higher residual stress (Syahroni & Hidayat, 2012).

Welding process is widely used in manufacturing industries of aerospace and automotive. It is a
complex process, which needs several trials to meet the desired finishing. Skilled workers are needed
to carry out the welding process before robot welding was introduced. High quality product needs to
be produced as to achieve high precision of parts for critical assembly usage. However, deformations
patterns such as angular distortion, transverse shrinkage and longitudinal shrinkage are major problem
facing by filler welded joints. These problems bring out a negative effect on fabrications, accuracy,
external appearance and also structure strength (Gery et al., 2005; Nuraini et al., 2014). Various
corrective measurements method has been used to lower the distortion level. Corrective measure
process such as heat treatment, flame straightening, vibratory stress and cold bending are used to reduce
the distortion level. These methods are costly and need involve lengthy time (Khurram et al., 2012).
Therefore, an analysis to avoid welding deformation at industrial production is required. Controlling
the welding deformations can help to improve the quality and reliability of the structure. In this study,
the thermal deformation in T-joint welding of aluminum alloy by using GMAW was experimentally
investigated. The thermal deformation was evaluated by measuring the angular distortion, transverse
shrinkage and longitudinal shrinkage.

2. Experimental Work

In this study, the aluminum alloy AA6061was used as the workpiece material. The chemical
composition is listed in Table 1. The aluminum alloy with thickness of 3 mm was cut to two plates of
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125mm x 125mm for the flange plate and 125mm x 30mm for the web plate. The T-joint or double
filler weld design was welded as shown in Fig. 2. The welding experiments were conducted with a
motorized translations stage to perform the consistent and steady welding speed. The GMAW process
was executed by KempoWeld machine with 1mm aluminum wire electrode under inert gas of argon as
shielding gas. The orientation of welding torch was aligned 45 degree to the perpendicular axis of
workpiece surface.

Table 1. Chemical composition of aluminum alloy AA6061 (wt.%).
Al Cu Fe Mg Mn Si Ti Zn
Bal. 0.15 <0.7 0.8-1.2 0.15 0.4-0.8 0.15 0.25

Table 2. Welding condition.

Parameter Value
Welding speed (mm/s) 20, 30, 40
Welding voltage (V) 18, 20, 22
Welding current (A) 140

Flow rate (I/min) 18
Shielding gas Argon
Wire electrode feed rate (mm/s) 148

Wire electrode diameter (mm) 1

Welding torch

num alloy AA6061 T-joint [

Fig. 2. Experimental setup of GMAW process.
Welding experiments were carried out according to welding condition as shown in Table 2. Total of
9 experiments were conducted by varying the welding speed and welding voltage. Wire electrode feed
rate, flow rate of shielding gas and welding current remained constant in the welding experiment. The
angular distortion was measured using a dial gauge.

(a)
Dial gauge
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(c)

Vernier caliper

Fig. 3. Measurement of (a) angular distortion, (b) transverse shrinkage, and (c) longitudinal
shrinkage. (Right photo: Top view)

Fig. 3(a) shows the measurement locations of angular distortion, which are 33.5 mm from the web
plate at both sides. The transverse and longitudinal shrinkages were measured using digital vernier
caliper with tolerance of +0.01mm. Fig. 3(b) and Fig. 3(c) show the measurement of transverse and
longitudinal shrinkages, respectively. All measurements were taken before and after the welding
experiments. The value of displacement is the subtraction value between the final displacement after
welding experiment and the initial displacement prior to welding.

3. Results and Discussion

Fig. 4(a) shows the angular distortion of the top surface in the 3 mm thick plate along y-axis when
the welding voltage is 20V. As illustrated below the angular distortion is expressed as angular
displacement in relations to the z-axis. It shows that the influence of the welding speed on angular
changes. Greater angular changes are resulted from the lowest welding speed. The maximum value of
angular change is 1.32 mm with 20 mm/s welding speed. Meanwhile, the lowest angular change is at
0.66 mm with welding speed at 40 mm/s. Welding speed can be defined as the distance traveled by the
welding arc along the weld line per unit time. The welding speed is inversely proportional to the heat
input. Therefore, it can be noted that the slower welding speed is made, the more heat input is absorbed
by base metal, which leads to increase in distortion. Fig. 4(b) shows the effect of the welding voltage
on variation of angular distortion with the fastest welding speed of 40mmy/s. It found that the smaller
angular distortions are resulted in the higher welding voltage. The slowest welding speed cause greater
increment of the angular distortion but less evident when the welding voltage is changed.
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Fig. 4. Angular distortion under various welding speed and voltage.

As shown in the Fig. 3(b), the transverse shrinkage is classified as the dimensional change in the y-
direction for the entire plate width. Fig. 5(a) shows the transverse shrinkage with the welding speeds
of 20 mm/s, 30mm/s and 40mm/s with welding voltage setting of 20V. The shrinkage obtained in figure
below is positive which means that the plate is having a contraction at the end section of the length
plate. The largest transverse shrinkage occurs at x-axis of 100 mm with highest transverse shrinkage of
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1.22 mm. The transverse shrinkage is low at the starting of welding line. It can be noticed that the end
of the plate has the highest transverse thermal contraction due to the greater heat transfer along the
longitudinal direction at starting point. Slowest welding speed caused the highest transverse shrinkage
in the plate as can be seen when the welding speed is 20mm/s. When the welding speed is increase, the
transverse shrinkage is reduced gradually. It may causes by lower heat energy input during the welding
process when a faster welding speed is applied. Transverse shrinkage in low welding voltage is much
smaller than higher welding voltage as illustrated in Fig. 5(b). This is due to decreased heat input by
the arc which results in faster cooling rate. It also can be observed that the transverse shrinkage with
low welding voltage is almost symmetrical along the plate width (y-axis).
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Fig. 5. Transverse shrinkage under various welding speed and voltage.

Fig. 6 shows longitudinal shrinkage along x-direction. The longitudinal shrinkage is defined as the
dimensional change in the x-direction as shown in Fig. 3(c). The results show that longitudinal
shrinkage near the weld bead is larger than at the two sides of welding specimens. It means that the
longitudinal shrinkage is notably happening in the weld zone and small longitudinal shrinkage
produced far away from weld bead. From Fig. 6(a), there is significant increase of the longitudinal
shrinkage when a slower welding speed is performed. It is a result of higher heat input was generated
during the welding process. However, the longitudinal shrinkage is less significant affected by
changing the welding heat input. It also has been found that the longitudinal shrinkage tends to become
small with the low welding voltage as shown in Fig. 6(b). In general, concave deformation is produced
even if the welding voltage and speed are changed. It also can be noticed that the longitudinal shrinkage
is less sensitive as compared to other directional displacements.
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Fig. 6. Longitudinal shrinkage under various welding speed and voltage.
4. Conclusion

The welding deformation on T-joint welding of aluminum alloy by using gas metal arc welding
process was experimentally investigated. Welding speed and voltage have a significant impact in
welding deformation. The angular distortion appeared as V-shaped and it decreases with the shorter
welding interaction time and higher heat input. The transverse shrinkage is increasing with decreasing
of welding speed and increasing of welding voltage. The plate is having a contraction at the end section
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of the width plate. The transverse shrinkage is largely influenced by the welding heat input. The
longitudinal shrinkage is larger with low welding speed and high welding voltage. The longitudinal
shrinkage is much smaller compare to angular distortion and transverse shrinkage. The concave
deformation is produced even if the welding voltage and speed are changed. These findings could be
useful for improvement the welding deformation in manufacturing industries.
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