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Modelling the residual stresses and microstructural
evolution in Friction Stir Welding of AA2024-T3
Including the Wagner-Kampmann precipitation model

M. R. Sonnel” and J. H. Hattell

Introduction

Friction stir welding (FSW) is an efficient
solid state joining technique that without
melting Is Iintended to be used for joining of
for example high strength aluminum alloys.
In this process, heat is generated by the
friction and plastic deformation between
tool shoulder and the work piece.
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Schematic view of the FSW process [5].

Thermal model (TPM)

The model for the heat generation
proposed by Schmidt and Hattel [2] Is
applied in this study. This is a function of
the tool shoulder radius and the
temperature dependent yield stress as
follows
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The heat source Is used as a boundary
condition at the interface between the tool
shoulder and the work piece for the heat
conduction equation
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Mechanical model
For calculation of the transient as well as
the residual stress field, a standart
mechanical model based on the solution of
the three static force equilibrium equations
IS used

ojji +pPj =0
Hooke’s law and linear strain
decomposition as well as small strain

In this work, a numerical finite element model for friction stir welding of
2024-T3 aluminum alloy, consisting of a heat transfer analysis and a
seqguentially coupled quasi-static stress analysis IS proposed.
Metallurgical softening of the material is properly considered and
Included in the calculations by means of the Wagner-Kampmann
precipitation model.

Precipitation model Results

In the present work, the simplified Verification of the precipitation model was
precipitation sequences observed in Al-Cu- performed by comparison with particle size
Mg alloys is used distributions at different ageing times from
a..->Cu-Mg coclusters->S phase precipitates Myhr and Grong [1].

where a_is the super saturated solid S —
solution, Cu-Mg coclusters are formed by - §E
initial ageing in these alloys and the S Bl /;{’ 3 e toes:
phase is the equilibrium phase precipitates : YAV g cte et
[3]. In this model the precipitate aging of the % ’ ﬁg{ *\

S phase precipitate is simulated based on % i : \‘ “ﬁ

the Wagner-Kampmann numerical model. : *“ “\‘a a

This model takes nucleation, growth and o R N 0
dissolution into account. The governing Verification of precipitation model during

1l t
evolution equation is written as artificial ageing at 180 °C.

9N 3(Nv) Preli.mi.nary residual stresses and h_ardness

— = — + S predictions are compared by experimental
a1 or results obtained in previous work.

Where N is the number density of X 10°

precipitates, r is the precipitate radius, v IS

the growth or dissolution rate and S Is

equal to the nucleation rate. This differential

equation can be solved with a standard

finite difference procedure, In this case with

explicit time integration.
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of the Cu-Mg coclusters and S phase _°_ Experimenial
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theory are applied together with the hardness) can be predicted by critical Clg)tm_pags\c/)_n I?f prﬁdi%ted an%I experimentally
- : obtalne ICKerS Nnaraness :
expression for the thermal strain. resolved shear stress (CRSS) models. 5]
Department of Mechanical Engineering, Section of Manufacturing Engineering, "Produktionstorvet, Building 425, DK-2800, Email: [1] O. R. Myhr and &. Grong, Acta. Mater. 48 (2000) 1605 — 1615), [2] H. Schmidt and J. Hattel, Scripta Mater. 58, 332 — 337

[3] I. N. Khan and M. J. Starink, Mat. Sci. and Tech. (2008) vol. 24 no. 12, [4] M. R. Sonne, P. Carlone, P. Palazzo and J. H. Hattel, Key Eng. Mat. 611-612, pp. 1675-1682, [5] M. R. Sonne, C. C. Tutum, J. H,. Hattel, A. Simar and B. de Meester, J. Mat. Pro Tech (2013) 213 477-486


mailto:mrso@mek.dtu.dk

	Modelling the residual stresses and microstructural evolution in Friction Stir Welding of AA2024-T3 including the Wagner-Kampmann precipitation model

