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Abstract. The structures integrities containing welds are evaluated using numerical methods to characterize the
residual stresses field induced during welding. These methods are mainly based on coupled thermal and mechanical
analysis using the finite element method. The present paper deals with the case study of a straight welding of two
plates in 2017A aircraft aluminum alloy.
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1. Introduction

A method such as Fiction Stir Welding (FSW) generates a distribution of residual stresses in the vicinity of the
welding join. The presence of these residual stresses should have a serious impact on the mechanical behavior. In
fact, there are several techniques used to measure the residual stresses resulting from welding, which are however
difficult to implement and less preciseness. Using numerical methods such as the finite element method, it is possible
to establish the residual stresses state in a sheet and their distributions. Indeed, any welded joint shows both
deformation and permanent stresses [1]. Residual stresses and shrinkage are due to thermal and metallurgical
phenomena involved in the welding. The main strain types are [2]: the longitudinal and transversal shrinkage,
bending, buckling, V-distortion and the rotational distortion (see Figure 1). It is clear that the knowledge of residual
stresses distribution in a sheet is very important, since they seriously affect its behavior [3]. In fact, the residual
stresses formation is associated with various phenomena and interactions such as [4]:

e  Localized impact on the flow constraints affecting the sign and direction of residual stresses;
e  Residual stresses are combined based on load superposition;

e  Formation of cracks even without any loading;

e Increased risk of brittle fracture caused by the high local stressing;

e  Residual stresses affect strength, fatigue, buckling and corrosion sensitivity of the sheet.
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Figure.1 Types of shrinkage due to welding.

2. Modeling and Methodology

Welding analysis has to consider three major coupled fields [2], interacting each other more or Iess

strongly (see Figure 2):
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Figure.2 Coupling of the different types of welding analysis.

2.1. Welding Modeling

The objective is to present the different procedures and assumptions that lead to the development of the welding
simulating model in order to predict the residual stresses generated in the welded sheets. A thermo-structural transient
analysis is performed to simulate this process, using a finite element model developed, with Ansys® commercial
software to model the welding of two 2017A aluminum alloy plates.

2.1.1. Modeling of the material

We assume that the material thermomechanical properties in the welding case are the same as those obtained through
heat treatments, in order to take into account phenomena of latent heat and convection in the stiring zone. The
thermomechanical properties of 2017A material are given in table1 [5].

Table 1 - Properties of aluminum alloy “2017A”

Heat capacity| Thermal expansion Modulus of [Modulus of rigidity[Poisson coefficient[E density of the material
Cr J/kg°K)| a(microns m-1K-1) elasticity G (GP) n r (kg m-3)
E (GP)
899 23.5 70 26.4 0.3 2700

2.1.2. Thermal properties

e Thermal conductivity

The thermal conductivity decreases when the temperature rises until reaching its minimum value, after which it
stabilizes slightly (see Figure 3).
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Figure.3 Evolution of the thermal conductivity (1) as a function of temperature.

Most authors consider the material density (p) as constant throughout the welding process, even it expected to
decrease slightly with increasing temperature [2], in particular because of the metal expansion [6]. The density value
of 2017A aluminum is equal to 2776 kg m-3.

2.2. Welding process parameters

The pin rotate with a constant angular velocity of 1250 rpm and welding speed velocity of 36 mm/min. The limits of
flow domain are modeled as walls with convective heat transfer to, a convective heat transfer coefficient of
50 W.m 2K ' The environmental temperature is assumed as 25°C.

3. Workpieces geometry

The geometry of the two parts to be welded is selected as simple as possible, ie a flat plate, to eliminate any risk of
non-convergence due to the geometric complexity. The dimensions selected for each plate are 0.3 x 0.2 m2.

3.1. Element Type

The plate meshing is achieved using shell elements. This type of element allows resolutions with only one element
layer along the thickness which significantly reduces the execution time of this model (see Figure 4 and 5). [7]

Figure.4 thermal shell element. Figure 5: structural shell element.

3.2. Meshing types

Since the large temperature fluctuations are essentially localized in the welding zone, it should be necessary to refine
smoothly the meshing in this area (see figure 6).

Figure.6 Mesh structured.



4. Structural Analysis

4.1. Geometry, meshing and boundary conditions

The same model (geometry and meshing) set in the thermal analysis is reused in the structural analysis by replacing
only the thermal elements by structural ones and changing the boundary conditions (see Figure 7).

Transient thermal —» Transient mechanic —» Static analysis
analysis analysis

Figure.7 Programming flowchart.

4.2. Cooling

Cooling is achieved through free convection on the upper and lower plate faces (see Figure 8-2).
5. Results analysis

5.1. Temperatures distribution

As shown in figure 8-1, the solution reaches the stationary state when the mechanical equilibrium is attained after a
number of additional iterations. It also shows the evolution of minimum, maximum and average temperatures
calculated on the entire field of study.

The figure (see Figure 8-1) shows that the point of maximum temperature following the displacement of the center of
the tool to the tip of the plate. At the end of cooling, the temperature at any point of the plate becomes substantially
equal to the initial temperature T =25 ° C (see Figure 8-2).

welding

Figure.8-1 surface temperature distribution.
cooling

Figure.8-2 Surface distribution of the cooling temperature.



5.2. Distribution of surface residual stress

The figure (see Figure 9) represents the residual stresses distribution of a theoretical point of view.
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Figure.9 Distribution of residual stresses due to welding.

5.2.1. Longitudinal residual stresses

The figure (see Figure 10-a)shows the distribution over the entire plate, longitudinal residual stresses
obtained. Along the weld seam is seen to be the most stressed area, tensile stresses act. In the rest of the plate,
compressive stresses are created for balancing the first to reach substantially zero at the edge of the plate with an
asymmetric tendency.

5.2.2. Cross residual stress

Transversal residual stresses appear in areas of tension and compression which are alternated along the weld line
(see Figure 10-b). The central zone of the weld seam undergoes transversal tensile and both areas surrounding the
ends undergo a principle of equilibrium, compressive stresses. These are the largest. The rest of the plate undergoes
tensile whose value tends to zero at the edge of the plate with an asymmetric tendency.

5.2.3. Von Mises Stresses

The figure (see figure 10-c) shows the distribution of Von Mises equivalent stresses. The constraints are mainly
located in the weld line and its vicinity.

° Weld direction

o Weld direction

Q Weld direction

Figure.10 Residual stresses: (a) longitudinal (b) Transversal. (C) Von Mises.

About the longitudinal stresses (see Figure 10a), the maximum values are within the tool zone zone (Nugget) and the
heat affected zone (HAZ) with values between -25 MPa and 100 MPa. Also, the values of the transversal stresses
(see Figure 10-b) vary between -20 MPa and 50 MPa and located mainly along the weld line.
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6. Conclusion

The objective of this work has focused on the numerical prediction of residual stresses generated by the FSW
welding process of two flat sheets of 2017A aerospace aluminum alloy, using the finite element method. The
analyzes were performed using the software Ansys®, using the double transient coupled-fields method. The approach
proposed in this study is the realization of a thermostructural modeling. In conclusion, this study demonstrates that
the finite element model used provides very good results for the residual stresses.
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