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Abstract: Welding is known as one of the most popular attaching methods for 
different hollow section components. However, local concentrated heating, 
distortion, and residual stresses at welded joints are unavoidable. In this article, the 
welding simulation for rectangular hollow (RHS) sections for the front axle carrier 
of the new BMW series-7 is discussed and weld distortion and residual stresses in 
its aluminum T-joint for one proposed sequence are investigated. Comparisons of 
the results of this paper for this recommended sequence with experimental results in 
some references show good agreement and indicate that characteristics of the 
welding distortions are fully forecasted. In the following of this paper, the Finite 
Element Method (FEM) is used to offer a better sequence with smaller weld 
distortion and residual stresses. Weld distortion and residual stresses are highly 
influenced by welding strategy. In the proposed strategy, the needed time to perform 
the welding process decreased, and the total weld distortion and residual stresses 
decreased by 24% and 4%, respectively.  
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1 INTRODUCTION 

The automotive industry is developed with significant 

speed in the last decades and is widely used all around 

the world and like other important industries, “cost 

management” has much importance for designers. 

Therefore, numerical simulation can be used to reduce 

costs significantly. Welding and its distortion are among 

the inevitable parts of fabrication in the welded structure 

which required to attach parts and also reduce costs of 

assembly. To achieve the desired result, simulation of 

the phenomenon at an early level of the manufacture is 

crucial. 

Weld distortion is generally governed by three factors 

including; material properties of base and weld metal, 

manufacturing process, and design specification (e.g., 

joint shape geometry, type of groove, and plate 

thickness) [1]. There are a few strategies used to control 

and reduce weld distortion that is well-established by 

Tsai et al. [2]. Weld sequence is an easy strategy to 

control weld distortion. Recently in the past few years, 

many researchers attempted to predict weld distortion 

and discussed the importance of weld sequences to 

control weld distortion. Bachorski et al. [3] used the 

Finite Element Method (FEM) to predict distortion 

during the gas metal arc welding process. To achieve this 

goal, they used the Shrinkage Volume Approach (SVA). 

Hackmair et al. [4] investigated simulation of the 

welding sequences and their effects on distortions in the 

front axle carrier of the new BMW series-7. For more 

complex structures, they developed a special 

methodology called the “Local/Global Approach”. 

Vural et al. [5] examined the effects of welding fixtures 

used to prevent distortions during the cooling process. 

They presented that: a) Distortions were reduced using 

the specially designed fixture, b) The preheating effect 

of the previous weld on the next weld increased 

distortions on the other side of the part, and c) Increase 

in welding speed affecting the weld heat input directly 

increased distortions. Fu et al. [6] studied the influence 

of the welding sequence on residual stresses and 

distortion of fillet welded structures. They employed 

Goldak's double ellipsoidal and optimum weld sequence 

to mode the heat source.  

In this paper, two rectangular aluminium hollow sections 

were jointed together using fillet welding. A thermo-

elastic FEM analysis is used to estimate weld distortion, 

stresses field distribution. According to welding 

simulation and test results of the front axle carrier of the 

new BMW series-7 [4] weld distortion and residual 

stresses in its aluminum T joint are fully reproduced. In 

the following of this paper, as a result of simulations, a 

better sequence with smaller weld distortion and residual 

stresses is offered. This welding sequence will reduce 

the distortions up to 50 percent with respect to the 

proposed method in the reference.  

2 FEM MODEL 

The Finite Element Method (FEM) is developed to 

calculate stress distribution and welding deformations of 

fillet-welded joints. Figure 1 presents the configuration 

and profile geometry of two rectangular hollow sections 

(RHS) [4]. The length of the horizontal and vertical 

boxes is 250 and 500 mm, respectively, and they are 

joined together perpendicularly. These RHSs are 

manufactured using aluminum alloy 6060 T6, which 

mechanical properties are represented in “Table 1ˮ [7-

8].  
 

(a) (b) 
Fig. 1 (a): Dimensions of RHSs profile, and (b): 

configuration of RHSs in space. 

 
Table 1 Temperature dependent properties of Aluminum 

6060 

Properties, 25 (ºC)  

E (GPa) 70 

Poisson's ratio 0.3 

Yield Stress (MPa) 170 

Stress (MPa) (At Strain = 1) 220 

Conductivity (W/m.K) 210 

Thermal Expansion  22e-6 

Specific Hear Capacity (J/Kg.K) 900 

Properties, 100 (ºC)  

E (GPa) 65 

Poisson's ratio 0.3 

Yield Stress (MPa) 150 

Stress (MPa) (At Strain = 1) 180 

Specific Hear Capacity (J/Kg.K) 930 

Properties, 200 (ºC)  

E (GPa) 60 

Poisson's ratio 0.3 

Yield Stress (MPa) 100 

Stress (MPa) (At Strain = 1) 100 

Properties, 300 (ºC)  

E (GPa) 45 

Poisson's ratio 0.3 
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Yield Stress (MPa) 40 

Stress (MPa) (At Strain = 1) 40 

Properties, 400 (ºC)  

E (GPa) 30 

Poisson's ratio 0.3 

Yield Stress (MPa) 20 

Stress (MPa) (At Strain = 1) 20 

Properties, 500 (ºC)  

E (GPa) 15 

Poisson's ratio 0.3 

Yield Stress (MPa) 10 

Stress (MPa) (At Strain = 1) 10 

Specific Hear Capacity (J/Kg.K) 1100 

Properties, 600 (ºC)  

E (GPa) 1 

Poisson's ratio 0.3 

Yield Stress (MPa) 1 

Stress (MPa) (At Strain = 1) 1 

Conductivity (W/m.K) 260 

Thermal Expansion  26e-6 

Specific Hear Capacity (J/Kg.K) 1130 

 

Two caps of the horizontal box are clamped, and the top 

side of the vertical box is free. Ambient temperature and 

convection heat transfer coefficient are 25 °C and 10 

W/m2k, respectively. To attach these two boxes, four 

weld beads were used. Figure 2 presents the proposed 

strategy of welding sequence from the ref. [4]. 
 

 
Fig. 2 Weld direction and sequence for first strategy. 

 

The FEM numerical simulation is implemented using 

ABAQUS. Figure 3 presents the way model meshed. 

The model mesh type is 3D and the number of elements 

is 21421. To improve the accuracy of the calculations, 

Figure clearly shows that adopted mesh density near the 

weld area is much higher in comparison with other areas. 

 

 
Fig. 3 Meshed model using 3D elements. 

3 RESULTS 

To determine the temperature field, four reference points 

were located on each side of the vertical tube with an 

equal distance of 10 mm from weld seams, titled T1-T4, 

respectively. Each reference point is located in the 

middle of the sides. 

Figure 4 presents the temperature distribution contour 

for the first strategy (strategy-A), and “Fig. 5ˮ shows the 

temperature variation changes during the welding 

process in terms of time (sec) for four stated reference 

points. Besides, “Fig. 6ˮ presents the field contours 6, 

13, 20, and 40 seconds after the end of the welding 

process (note that these contours show how the welded 

structure is cooling). 

 

 
(a) 

 
(b) 

Fig. 4 (a): Temperature contour of welding at first edge, 

and(b): Temperature contour of welding at second edge. 

 

 
Fig. 5 Temperature variation during the welding process 

in term of time (sec) for stated reference points. 
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Fig. 6 Cooling process; Temperature field: (a): 6 seconds, 

(b): 13 seconds, (c): 20 seconds, and (d): 40 seconds after 

welding process. 

 

To validate our calculated temperature field results, Ref. 

[4] is used. Figure 7 presents temperature variation using 

our FEM Strategy-A and [4] which shows good 

agreements between results. Here, S and M refer to the 

calculated and measured temperature, respectively. Our 

Model is similar to the model investigated in Ref. [4], 

but Hackmair et al. used SYSWELD for their modeling. 

 

 
Fig. 7 Temperature variation comparison for reference 

points between Ref. [4] and present simulation. 

 

As mentioned earlier, another important factor is 

residual stresses due to the welding process which is 

presented in “Fig. 8ˮ.  

 

 
Fig. 8 Residual stresses distribution in the welded 

structure. 

To find the best strategy for welding, displacement in the 

x-direction is required to be calculated. Therefore, 

displacement along x-direction for the top of the vertical 

box is simulated, and presented in “Fig. 9ˮ.  

 

 
Fig. 9 Distortion variation at top of vertical tube during 

the welding and cooling processes. 

 

Again, to validate the calculated distortion, results were 

compared with [4] which is presented in “Fig. 10ˮ. Here 

again, comparison shows good agreement of the results. 

It should be noticed that in this figure, S refers to 

calculated displacement with simulation and M is an 

experimental measurement of displacement. Regard that 

using Strategy-A to perform the welding process leads 

to two problems; first, this procedure is hard to do for 

operators even for expertise; second, there is 

discontinuation in this welding procedure, which can 

cause more distortion. To overcome these defects, a new 

strategy is proposed (Strategy-B), simulated, and the 

results were compared with the previous strategy. 

 

 
Fig. 10 Displacement comparison between experimental 

measurement (M), simulation calculation (S) and the present 

work simulation. 

 

Figure 11 presents a new procedure for welding as the 

second strategy called (Strategy-B). The only difference 

between these two simulations is their employed 

welding arrangement strategy. in this new strategy, the 

path of welding is a continuous line that can reduce the 
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total time of welding, and it is more user-friendly and 

easier to do. 

 

 
Fig. 11 New proposed strategy of welding procedure. 

 

Figure 12 presents the time-temperature diagrams of the 

four specified reference points in both strategies. It 

should be stated that the total time of welding was 

reduced due to the continuity of the welding line. 

 

 
Fig. 12 Temperature variation for specified points using 

both strategies. 

 

Figure 13 presents a comparison of distortion at both 

strategies. In this figure, U1, U3, and magnitude 

displacement (U) were compared. As can be seen, the 

proposed strategy has a lower magnitude of 

displacement. 

 

 
Fig. 13 Temperature variation for specified points using 

both strategies. 

Finally, As the last part of the comparison, residual 

stress is simulated for both strategies. Figure 14 presents 

the contour of residual stress for both strategies. 

Maximum residual stress in the second strategy was 

reduced approximately 4 percent in comparison with the 

first strategy.    

 

 
(a) 

 
(b) 

Fig. 14 Residual stresses after welding for the both 

strategies, (a): A(research), and (b): B(present). 

4 CONCLUSIONS 

In this paper, temperature field, distortion, and residual 

stresses caused by welding for two different strategies 

were investigated. model manufactured of two 
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aluminum alloy 6060 T6 boxes were joined 

perpendicularly. To have a good comparison, four 

reference points were located on each side of the vertical 

rectangular box with an equal distance of 10 mm from 

weld seams. Two strategies, A and B, were investigated, 

and the optimum strategy was specified. Simulating 

these two strategies represents that weld distortion, 

residual stresses, and temperature are highly influenced 

by welding strategy. In the proposed strategy (strategy-

B), in comparison with case A, the total weld distortion 

decreased by 24% approximately, the highest 

temperature increased by 4% approximately, and the 

residual stresses decreased by 4% approximately. Also, 

the needed time to perform the welding process 

decreased using the second strategy. Considering the 

differences between these two strategies mentioned 

above using a second strategy is recommended. 
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