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            Published in: SCRIPTA MATERIALIA 58 (2008) 377-382 THE STRENGTH OF FRICTION STIR WELDED AND FRICTION STIR PROCESSED ALUMINIUM ALLOYS M.J. Starink 1 , A. Deschamps 2 , S.C. Wang 1 1 Materials Research Group, School of Engineering Sciences, University of Southampton, Southampton SO17 1BJ, United Kingdom 2 SIMAP, INPGrenoble-CNRS-UJF BP 75, 38402 St Martin d’Hères Cedex, France Abstract Local strength of friction stir (FS) welds and FS processed aluminium alloys in heat treatable aluminium alloys is dominated by precipitation hardening. Strengthening due to stored dislocations is generally limited to 40MPa, and grain size strengthening is generally less than 10MPa. Local crystallographic texture can cause yield strength variation on the order of 5%. Published models for strengthening of FS welds make a range of simplifying assumption which can cause uncertainties in the predictions of up to 50MPa. Possible improvements are explored. Keywords: transmission electron microscopy (TEM); aluminium alloys; recrystallized microstructure; phase transformations; yield strength 1. Introduction In friction stir (FS) welding [1,2], the rotating tool causes local changes in the welded material due to both the mechanical deformation and the heat generated by friction [3,4]. The heat is conducted into the alloy leading to a zone in which the micro- (and nano) structure of the material is significantly changed due to mechanical work and increased temperature. In welding convention, the zones are identified as the heat affected zone (HAZ) and the thermo-mechanically affected zone (TMZ). These broad terms can only hint at the wide range of complex and interlinked processes that occur in FS welding (and other FS processing). In effect, in a single FS weld an extraordinarily wide range of processes occur. Recovery, recrystallisation, precipitation, dissolution, and re-precipitation can occur, whilst also partial melting and solidification can be possible in certain conditions. These processes occur within a short time interval of typically a few seconds in zones as small as a few hundreds of microns to a few mm wide. A full understanding of the process requires models of processes occurring over a scale of millimetres (e.g., the thermomechanical deformation around the rotating pin) down to the sub- nanometer scale, where formation of small atom clusters (GP zones) can have a strong influence on strength in heat-treatable alloys [5,6]. Prediction of strength of FS welds requires 3 main models: i) a model for heat generation and heat diffusion, ii) a model for evolution of the nano/microstructure as a function of temperature and deformation, and iii) a model for strength as a function of the nano/microstructure. We will here focus on ii and iii, as models for heat generation and diffusion, which are in most cases 3D finite element models, will be discussed elsewhere in this volume. Whilst this contribution will focus for the most part on FS welds, many of the principles are applicable to FS processing. 
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