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The Gas Tungsten Arc Welding (GTAW) process is widely used for
welding T-joints of aluminum alloy plate. This paper presents an
application of ANSYS software to simulate and predict T-joints’
temperature distribution, stress and distortion. The complication in
determining the heat source of fusion welding processes is fully provided
and considered in this study. A three-dimensional of T-joint fillet weld
was built and simulated by using ANSYS. Different welding conditions
are utilized during simulation to evaluate effect of each welding parameter
on temperature distributions, stresses and distortions. Results indicate that
the temperatures and stresses as well as distortion were increased as
welding current and voltage increase, and decreased as welding speed
increase. Therefore, the simulation can be applied to find primary optimal
welding parameters of GTAW for reducing defects and number of
welding experiments.

Tom tit

Tur khoa:

ANSYS; GTAW; lién két chir T;
nguon nhiét thé tich.

Phuong phéap han dién cuc khéng néng chay trong moi truong khi bao vé
(GTAW) duoc dung rong rii cho lién két han chit T hop kim nhém. Trong
bai bai ndy trinh bay viéc ing dung phin mém ANSYS dé mo phong va
dy doan nhiét, img suat va bién dang cia lién két han chir T. Sy phuc tap
trong qua trinh xac dinh ngudn nhiét khi han da dugc dua ra va xem xét
mot cach day du. Mo hinh 3D cua lién két han chir T duoc xay dung va
mo phong bang ANSYS. Qua trinh m6 phong voi ché d6 han khac nhau
da duoc thyc hién dé xac dinh anh hudéng cia mdi thong sé han téi nhiét
do, ung suat va bién dang. Két qua chi ra rang nhiét do, img sut ciing nhu
bién dang ting khi ting cuong d6 dong va dién 4p han, va giam khi ting
téc do han. Tir d6, nhan thay rang, mo phong s6 co thé ap dung dé tim ra
thong s han t6i uu ban dau cho GTAW dé giam khuyét tat ciing nhu sd
luong thi nghiém.
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1. INTRODUCTION

In fact, Gas Tungsten Arc Welding (GTAW) is a very versatile, all-position welding
process that is widely used to join most metals and alloys with high weld quality and good
welding shape. Heat generation for welding is generated from an electric arc established between
a non-consumable tungsten electric and the workpiece. Concentrated arc energy, narrow heat-
affected zone, no slag- no requirement for flux, no sparks or spatter-no transfer of metal across
the arc, good for welding thin material, good for welding dissimilar metals together are some
advantages of this welding method. GTAW has been significantly investigated in recent time. A
review on effects of GTAW process parameters on weld was reported by P. P. Thakur and A. N.
Chapgaon [1]. FengguilLu, ShunYao, and YongbingLi [2] used finite element method for
modeling weld pool in GTAW with different welding parameters to weldment quality.
Aluminum is a difficult metal to weld due to the oxide layer that should be removed from its
surface before welding. GTAW process is one of the methods used to weld aluminum because it
is easy to apply, inexpensive, and produce high quality joints [3]. A weld joint of AA6061
aluminum alloy showed superior mechanical properties compared with GTAW and GMAW
joints was studied by A. K. Lakshminarayanan et al. [4].

In most welding processes, welding residual stress and distortion cannot be avoided and
they significantly affect weld quality. The basis of stress and distortion analysis is the
temperature field during welding [5]. However, in order to calculate and measure them is not
easy. In this study, they are estimated by using a simulation software. Among many software
applied for mechanical engineering, ANSYS is mostly used because of its advantages. FE model
was used to predict precisely the welding deformation and residual stress in a thick multi pass
butt welding [6]. A process simulation with ANSYS CFX was applied in arc welding [7]. An
equivalent GTAW heat source was successfully estimated and verified by Francois Pichot et al.
[8]. The use of non-linear inverse problem and enthalpy method in GTAW process of aluminum
was used to determined heat transfer in Al 6065-T5 plate [9]. Arshad AlamSYED [10] used an
analytically determined volumetric heat source for modeling of gas metal arc welding process.
Most of these studies ANSYS ADPL was used to simulate and predict desired quantities. While
the application of ANSYS WORKBENCH in the simulation of welding process is limited.

In this paper, the authors have calculated the heat source and successful application of
ANSYS Workbench model and simulate the temperature field using vary welding conditions,
resulting in stress and deformation of T-joint fillet weld after GTAW process. Then, the effect of
welding parameters on welding temperature and stress as well as distortion is estimated. The
result of this article is the basis for the selection of appropriate welding condition to reduce the
stress and weld distortion for improving the weldment quality.

2. FINITE ELEMENT MODEL OF GTAW

The fundamental transient heat transfer for a three-dimensional can be described by [10]
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in Egs. (1-2), p,k and C, are density, thermal conductivity and specific heat of workpiece

material, respectively; t and T refer to time variable and temperature. n,k, ,h,&,0 and T, stand
for normal direction to surface, thermal conductivity, heat transfer coefficient (h=1 OW/m’K
[10]), emissivity, Stefan-Boltzmann constant, and the ambient temperature, respectively. The
heat source @ can be determined as

2 2 2
Q:6\/§ﬁpﬂ exp _3x2 _3y2 _3L2 (3)
ﬂx/;aibc a, b c

in which P is the arc power, / and U are the arc current and voltage, 7=0.8 is process
efficiency. The subscript i indicates 1 and 2 corresponding to the front and rear heat source.

Nowadays, ANSYS is become a popular FE software which is applied to model
multiphysics phenomenon. In this study, the software is built and utilized for analyzing
temperature, stress and distortion in GTAW process of T-joint. Aluminum alloy 6061 with
Tensile o and Yield strength o are 124~310 N/mm” and 207 N/mm?’, respectively. In addition,
the chemical compose is shown in Table 1.

Table 1. Chemical compose of Aluminum alloy 6061 (%)

Name Si Fe (max) Cu Mn Mg Zn Ti Other Al
Al 6061 | 0.4-0.8 0.7 0.15-0.4 | 0.15 0.8-1.2 0.25 0.15 0.05 95.8=98.6

Fig. 1. T-joint model

Fig. 1 depicts the T-joint model with horizontal plate (170 x 210 x 5 mm) and vertical plate
(100x210 x 5 mm). Several welding condition (refer to Table 2) is investigated to find welding
temperature, stress and distortion.

Table 2. Welding conditions

Welding Welding current Welding voltage Welding speed Heat input
conditions A) W) (mm/s) (J/mm)
1 160 16.4 4.2 624.76
2 155 16.4 4.2 605.24
3 170 16.4 4.2 663.81
4 160 16.4 3.8 690.53
5 160 16.4 4.6 570.43
6 160 15.5 4.2 590.48
7 160 17.3 4.2 659.05
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Whole calculation and simulation of the welding can be summarized as in Fig. 2. All
parameters of the welding process is then transfer to the ANSYS for simulating process which
includes steps of Preprocessor, Solution and Postprocessor as shown in Fig. 3.

Input of welding condition AL R
Uh, Ih, Vh ...

Temperature results

Calculate heat source

Design Welding model by Static structure analysis
ANSYS - Temperature field
- Constrains

Finite element model
- Applied heat sources
- Boundary conditions
- Analysis parameters Results of distortion and stress

Solving

Solving

Fig. 2. Flowchart of calculation and simulation processes
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Fig. 3. Simulation procedure

3. RESULTS AND DISCUSSION

Heat generation at condition 1 (U = 16.4 volt, I = 160A, v = 4.2 mm/s) was calculated
through Eq. (3) with below variables:
r,=0.6;1,=1.4,[11]

Q = Ul=16.4x160x0.8= 2099.2 (J/s)
c,=r,R=0.6x7.76 = 4.66 (mm) and ¢, =r,R=1.4x7.76 = 10.86 (mm)
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b=\JR ~(R—c,)? =4/7.76* ~(7.76 - 4.66)* = 7.11 (mm)
a=Q2R)/[(c, +¢,)b]=(2x7.76") /[(4.66+10.86)x 7.11] = 8.47(mm)
with x=5.66 mm, y = 2.83 mm, & =4.2 mm

v, g x4.2x0,3=10.08(mm’) and V, L anx07= 23.52(mm3)
) 2
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Fig. 4. Simulation results for welding condition 1
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Fig. 5. Simulation results for welding condition 2

Simulation results of welding condition 1 are obtained and presented in Fig. 4. The stable
and highest welding temperature are 722°C and 1150°C, respectively. The equivalent stress and
the total deformation are subsequently shown in Figs. 4(b) and (c). The maximum equivalent
stress and total deformation are 178.14 Mpa and 0.666 mm, respectively.

Fig. 5 indicate the temperature, stress and distortion using welding condition 2. Under
decreased welding current at welding condition 2, all results in temperature, stress and distortion
are slower than that at welding condition 1. This is because smaller welding current the heat
generation input workpieces will be decreased.
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Fig. 6. Simulation results for welding condition 3
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Similarly, the maximum values in welding temperature, stress and distribution under
welding condition 3 are shows in Fig. 6 at 1258.9 °C, 195.73Mpa and 0.732mm, respectively. As
observed, the higher results were found in Fig. 6 because of higher welding current at condition
3 leading to obtain higher heat flux.

A comparison of the simulation results under different welding conditions are listed in
Table 3. Through these results, the effect of welding current on heat generation, welding
temperature, stress and deformation are evaluated. It can be seen that all values will increase
with increasing the welding current.

Table 3. Simulation results under different welding currents

Results Weld;ng_ T(S)Isl(dAi;ion 2 Weldling_ ng(dAi;ion 1 Weldling_ ng(d;;ion 3
= = =
Heat generation (W/mm3) 20.67 21.73 23.85
Maximum temperature (° C) 1095.4 1150 1258.9
Total stress (MPa) 169.04 178.14 195.73
Total deformation (mm) 0.634 0.667 0.732

Time: 55
T#6/2018 10:29 AM

100,00 (mm)

50.00

a. Temperature b. Stress c. Distortion

Figure 7. Simulation results for welding condition 4

Moreover, with welding condition of U = 16.4 volt, I = 160A, v = 3.8 mm/s named welding
condition 4 (refer to Table 3), the numerical results of temperature, stress and distortion are
given in Fig. 7. Temperature results exhibit that with stable arc welding, the maximum
temperature is around 745°C at center of welding pool. However, temperature at end of welded
process can reach 1223°C. Different temperature zones and isothermal contour are also indicated
in the temperature field. From Fig. 7(b), it can be seen that the equivalent stress reaches
maximum magnitude at end of welding (176.38Mpa). The total deformation has maximum value
of 0.705mm as in Fig. 7(c). The results reveal that the temperature stress and deformation are
symmetric.

Table 4. Simulation results under different welding speeds

Welding condition 4 Welding condition 1 Welding condition 5
Results V,=3.8mm/s V,=42mm/s V, =4.6mm/s
Heat generation (i /mm’) 23.72 21.73 19.76
Stable temperature ("C) 745 722 684
Maximum temperature (°C) 1223 1150 1069
Equivalent stress (MPa) 176.38 178.14 183.23
Total deformation (mm) 0.706 0.667 0.619




HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Time: 4
T/6/2018 156 PR

1069.3 Max
995,25

663.62 Max
63665
568968
54271
45,74
4T
161 52504
35484 v 551
w0787 476,96

7509 ’&.L-Z 02,92 >3\L-Z
St 100 100.00 {rm) e 000 100,00 )

166.96 50.00 25484 50.00

azL2L
847,17
77313
99.08

a. Temperature

00055726 Min

013767 Min

EE]

b. Stress c. Deformation

Fig. 8. Simulation results for welding condition 5

The welding speed has been continuously increased to 4.6 mm/s (welding condition 5).
Fig. 8 displays the simulation temperature, stress and deformation. Again, the temperature also
is decreased due to increasing welding speed. A comparison of temperature is presented in
Table 4. Values of heat generation, stable temperature, maximum temperature, equivalent
stress and total deformation are compared together under different welding speeds as given in
Table 4. As seen in Table 4, all obtained results were decreased with increase in welding
velocity. It may be explained that faster welding speed will provide smaller heat generation
generated into welding zone.

Table 5. Simulation results under different welding voltages

Results Welding condition 6 Welding condition 1 Welding condition 7
U, =15.5() U, =16.4(V) U, =17.3()
Heat generation (i /mm’) 19.86 21.73 23.59
Maximum temperature (°C) 1053.7 1150 1245.6
Equivalent stress (MPa) 162.11 178.14 193.59
Total deformation (mm) 0.609 0.667 0.724

Finally, welding conditions 6 and 7 were accomplished with different welding voltages
(refer to Table 3). As increasing the welding voltage, the heat generation, welding temperature,
stress and deformation will be raised as acquired in Table 5. From simulated results, the effect of
welding parameters such as welding current, speed and voltage on thermal quantity and stress as
well as deformation are fully estimated.
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4. CONCLUSIONS

ANSYS software is applied to simulate welding temperature, stress and deformation of
aluminum alloy T-joint fillet weld for GTAW process. Different welding conditions were used
for simulation to evaluate the effect of welding parameter i.e. welding current, welding speed
and welding voltage on welding temperature distribution, stress and distortion. As a result, heat
transfer into the workpieces will be varied when changing welding parameters. Obtained results
show that the welding temperature, stress and distortion were increased with increasing welding
current and welding voltage and decreasing welding speed. The results are the basis for choosing
appropriate welding condition to achieve desired temperature and reduce the stress and weld
distortion for improving the weldment quality.
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