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Preliminary Note – Prethodno priopćenje

The joints of aluminum alloy frames are usually welded by manual TIG welding. In order to study the distribution law 
of welding stress level and welding temperature field of intersecting joints of 6061-T6 aluminum alloy bicycle 
frames, a intersecting joints model of welding parts was established by Finite Element Model (FEM), Software. Based 
on ABAQUS software, the welding temperature field and welding stress field were studied and analyzed by using 
direct thermal coupling method. The accuracy of welding simulation is fully verified, which can meet the simulation 
requirements required for the subsequent optimization process design, and achieve the purpose of shortening the 
time required for the accumulation of practical inspection.
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INTRODUCTION

The 6061-T6 series Al-Mg-Si alloy has good com-
prehensive properties and good properties in strength 
and plasticity[1]. In the aluminum alloy bicycle frame, 
manual argon arc welding ( TIG ) is usually used for 
welding, and the main part of the welding is the inter-
secting line node path of the frame (Figure 1). There-
fore, this paper studies and analyzes the distribution of 
welding stress field and welding temperature field of 
intersection line node of 6061-T6 aluminum alloy 
frame, which provides a basis for the improvement of 
welding method and process of intersection line node in 
aluminum alloy workshop [2]. The chemical composi-
tion of aluminum alloy 6061-T6 is shown in Table 1.
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welding parts is carried out. Taking the welding part of 
the frame intersecting line as the main research object, 
the welding analysis of the node position of the frame 
intersecting line is carried out. As shown in Figure 2, 
the weld area in the Figure is highlighted.

Table 1  Chemical composition of 6061-T6 aluminum alloy  
/wt. %

Si Fe Cu Mn Mg
0, 4~0, 8 0, 7 0, 15~0, 4 0, 15 0, 8~1, 2

Cr Zn Ti Al Other
0, 04~0, 3 0, 25 0, 15 residual 0, 15

THE ESTABLISHMENT OF FINITE  
ELEMENT MODEL

The material selected in this paper is 6061-T6 alu-
minum alloy. According to the solid frame, the compo-
nent modeling is carried out. In order to facilitate the 
specific analysis, a simple local modeling of the main 

Figure 1 6061-T6 aluminum alloy bicycle frame

Figure 2  Frame intersecting line node welding part and 
welding model

In the numerical simulation of welding, the direct 
thermal-mechanical coupling method can be more con-
venient for numerical simulation. By using a unit type, 
two physical field problems can be solved, and the real 
coupling between heat and structure can be realized. By 
consulting the relevant literature and using JMatPro soft-
ware to extrapolate the required material parameters, the 
welding numerical simulation is completed[3]. In Figure 
3, argon arc welding parameters are used for numerical 
simulation. Table 2 is argon arc welding parameters.

According to the observation of arc shape and energy 
distribution characteristics in the process of aluminum al-
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loy welding test, the heated part will form the phenome-
non of heat tailing. Therefore, the we welding heat source 
of this numerical simulation adopts the double ellipsoid 
heat source model, as shown in Figure 4[4].

Figure 3 Mesh division of welding model

Table 2 Welding parameters

Welding  
manner

Welding  
current / A

Arc voltage 
/ V

welding speed 
/ mm·s-1

TIG 80 12 5 mm/s

The heat flux distribution function of the double el-
lipsoid heat source model is expressed as:

 

 

In the formula: ff , fr is the heat flux distribution coef-
ficient, ff + fr = 2, where ff takes 0,6, fr takes 1,4 ; a, b, c1 
and c2are the geometric dimensions of the molten pool. 
According to the above analysis, the heat source pro-
gram is written and debugged by Fortran language.

NUMERICAL SIMULATION RESULTS  
AND ANALYSIS

The heat source movement trajectory of the weld 
during welding and the distribution of the temperature 
field at different times are shown in Figure 5. The dy-
namic process of temperature field change in the weld-
ing process can be clearly observed. Since the heating 
rate of the weldment is much larger than the cooling 
rate, the isotherms in the forward direction of the heat 
source are dense, and the rear isotherms are sparse[5]
[6]. The heat source morphology is shown in Figure 6.

Figure 4  Double ellipsoid heat source model and its 
parameters

(a) Welding time is 3 s (b) Welding time is 6 s  
(c) Welding time is 9 s

Figure 5 Results of weld temperature field model

a)

b)

c)

(a) Surface topography of heat source  
(b) Heat source molten pool morphology

Figure 6  Welding heat source cloud diagram and heat source 
molten pool morphology

a)

b)

It can be intuitively observed from Figure 7 that the 
temperature change process of each point on the weld is 
extremely rapid, and the heating rate is greater than the 
cooling rate. At the same time, the development trend of 
the temperature cycle curve of each point is consistent. 
When the heat source acts, the action point rises rapidly, 
and then immediately enters the cooling stage. After the 
welding is completed, the continuous cooling is slowly 
carried out.

From the stress cloud diagram of the above three 
time nodes in Figure 8, it can be intuitively observed 
that in the equivalent stress cloud diagram, each weld 



151

W.C. PEI et al.: NUMERICAL SIMULATION OF WELDING OF INTERSECTING LINE JOINTS OF ALUMINUM ALLOY...

METALURGIJA 63 (2024) 1, 149-152

base metal at the center of the heat source during weld-
ing is in a molten state, so the stress level is extremely 
low or negligible. It can be seen from Figure 9 that the 
residual stress is mainly concentrated in the weld part, 
showing the distribution trend of residual stress from 
the middle part of the weld to the two ends of the weld 
from high to low.

CONCLUSION

By studying the TIG welding process of 6061-T6 
aluminum alloy frame, the numerical simulation of 
welding is completed by Fortran heat source subroutine 
in ABAQUS environment. The distribution of welding 
temperature field and welding stress field at the joints of 
the intersecting line of the frame is studied and ana-
lyzed. During the welding process, with the action of 
the heat source, the action point rises rapidly, and then 
immediately enters the cooling stage. After the welding 
is completed, the continuous cooling is slowly carried 
out. The welding stress is mainly concentrated in the 
weld part, showing the distribution trend of residual 
stress from the middle part of the weld to the two ends 
of the weld from high to low. Through the observation 
and analysis of the heat source morphology, tempera-
ture field and stress field in the numerical simulation of 
welding, it is shown that the model can well reflect the 
welding process of TIG welding 6061-T6 aluminum al-
loy bicycle frame. It can meet the simulation require-
ments required for subsequent optimization of process 

Figure 9  Selection of stress field nodes and stress value  
of weld after welding

Figure 7  Selection of nodes and temperature cycling profiles 
at the weld seam

(a) Selection of weld nodes (b) Temperature cycling curve

a)

b)

(a) Selection of weld nodes (b) Stress values at weld nodes

(a) Welding time is 3 s (b) Welding time is 6 s  
(c) Welding time is 9 s

Figure 8 Stress field model results of oblique column weld

a)

b)

c)

seam is distributed with concentrated and high welding 
residual stress. Due to the highest temperature at the 
center of the welding heat source during welding, the 

a)

b)
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design, and achieve the purpose of shortening the time 
required for practical test accumulation.
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