11th World Congress on Computational Mechanics (WCCM XI)

5th European Conference on Computational Mechanics (ECCM V)

6th European Conference on Computational Fluid Dynamics (ECFD VI)
July 20 - 25, 2014, Barcelona, Spain

BUCKLING BEHAVIOUR OF FRICTION STIR WELDED STIFFENED
PANELS

Rui M.F. Paulo®’, Pierpaolo Carlone?, Robertt A.F. Valente®, Filipe Teixeira-Dias* and
Gaetano S. Palazzo®

! GRIDS Research Group, Department of Mechanical Engineering, University of Aveiro,
Campo Universitario de Santiago, 3810-193 Aveiro, Portugal, ruipaulo@ua.pt
2 Department of Industrial Engineering, University of Salerno, Via Ponte Don Melillo 1,
Fiscfiano (SA), Italy, pcarlone@unisa.it
3 GRIDS Research Group, Department of Mechanical Engineering, University of Aveiro,
Campo Universitario de Santiago, 3810-193 Aveiro, Portugal, robertt@ua.pt
* Institute for Infrastructure and Environment, School of Engineering, University of
Edinburgh, The King’s Buildings, Mayfield Road, Ediburg, EH93JL, United Kingdom,
f.teixeira-dias@ed.ac.uk
> Department of Industrial Engineering, University of Salerno, Via Ponte Don Melillo 1,
Fiscfiano (SA), Italy, gspalazzo@unisa.it

Key Words: Friction stir welding; Residual stresses; Finite element analysis; Buckling;
Contour method; Collapse load, Thermal softening; Aluminium alloy 2024-T3.

Friction stir welding (FSW) is a solid-phase welding technique effectively applied on
aluminium alloy structures. During this process, a non-consumable rotating tool, constituted
by a shoulder and a pin, is plunged between the adjoining edges of the parts to be welded and
moved along the desired weld line. The combined rotation and translation of the tool locally
increases the work piece temperature due to heat generated by frictional effects and plastic
deformation. The softened material flows around the pin, from the front to the rear, resulting
in a solid state weld. The temperature increase and the high strain rate deformation lead to the
formation of micro-structurally different zones: the nugget or stir zone (NZ) in the center of
the weld, surrounded by the thermo-mechanical affected zone (TMAZ) and also the heat
affected zone (HAZ). Additionally, the heat input generates residual stresses and geometrical
distortions of the welded assemblies [1,2].

The impact of these factors should be properly accounted for at the design stages in order to
predict the buckling behaviour of thin-walled structures [3-6]. In the present work, a finite
element-based numerical model, based on a shell formulation, is implemented and validated
to reproduce the FSW process and predict its effects. The validation of the model is achieved
by comparing the numerical results with the longitudinal residual stress distribution,
experimentally inferred by means of the contour method [7], induced by the FSW on 2024-T3
aluminum alloy plates [8]. A second simulation stage is performed to assess the influence of
welding effects on the strength of a stiffened panel when subjected to compressive loads. The
obtained results highlight the influence of process induced residual stresses, material
properties changes and distortions on the collapse load of structures submitted to compressive
loads.


mailto:f.teixeira-dias@ed.ac.uk

Rui M.F. Paulo, Pierpaolo Carlone, Robertt A.F. VValente, Filipe Teixeira-Dias and Gaetano S. Palazzo

ACKNOWLEDGEMENTS

The authors wish to acknowledge the support given by Fundacdo para a Ciéncia e a
Tecnologia, Ministério para a Educacao e Ciéncia, Portugal, under project PTDC/EME-
PME/113835/2009 and grant SFRH/BD/82456/2011

REFERENCES

[1] P. Carlone, G.S. Palazzo, Influence of Process Parameters on Microstructure and Mechanical
Properties in AA2024-T3 Friction Stir Welding, Metallogaphy Microstrucure and Analysis, Vol. 2,
pp. 213-222, 2013.

[2] P. Carlone, G.S. Palazzo, Mechanical Characterization of AA2024-T3 FSWed Butt Joints,
Advanced Materials Research, Vol. 753-755, pp. 431-434, 2013.

[3] J.K. Paik, A.K. Thayamballi, J.Y. Ryu, J.H. Jang, J.K. Seo, S.W. Park, S.K. Seo, C. Renaud, H.P.
Cojeen, N.I. Kim, The statistics of weld induced inicial imperfections in aluminium stiffened plate
structures for marine applications, International Journal of Maritime Engineering, Vol. 148, pp. 19-
63, 2006.

[4] R.M.F. Paulo, F. Teixeira-Dias, R.A.F. Valente, Numerical simulation of aluminium stiffened
panels subjected to axial compression: Sensitivity analyses to initial geometrical imperfections and
material properties, Thin-Walled Structures, VVol. 62, pp. 65-74, 2013.

[5] A. Murphy, W. McCune, D. Quinn, M. Price, The characterisation of friction stir welding process
effects on stiffened panel buckling performance, Thin-Walled Structures, Vol. 45, pp. 339-351, 2007.
[6] R.M.F.Paulo, P. Carlone, R.A.F. Valente, G.S. Palazzo, Influence of friction stir welding residual
stresses on the compressive strength of aluminium alloy plates, Thin-Walled Structures, Vol. 74, pp.
184-190, 2014.

[7]1 M.B. Prime, Cross-sectional mapping of residual stresses by measuring the surface contour after a
cut, Journal of Engineering Materials and Technology, Vol. 123, pp. 162-168, 2001.

[8] M.R. Sonne, C.C. Tutum, J.H. Hattel, A. Simar, B. de Meester, The effect of hardening laws and
thermal softening on modeling residual stresses in FSW of aluminum alloy 2024-T3, Journal of
Materials Processing Technology, Vol. 213, pp. 477-486, 2013.


http://www.scopus.com/authid/detail.url?authorId=7005681828&amp;eid=2-s2.0-84887004181
http://www.scopus.com/record/display.url?eid=2-s2.0-84869862682&origin=reflist&sort=plf-f&cite=2-s2.0-84869862682&src=s&imp=t&sid=F9C6C24EB489F296865029FF3EC4BE00.WXhD7YyTQ6A7Pvk9AlA%3a210&sot=cite&sdt=a&sl=0
http://www.scopus.com/record/display.url?eid=2-s2.0-84869862682&origin=reflist&sort=plf-f&cite=2-s2.0-84869862682&src=s&imp=t&sid=F9C6C24EB489F296865029FF3EC4BE00.WXhD7YyTQ6A7Pvk9AlA%3a210&sot=cite&sdt=a&sl=0

