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    Abstract

        
            Stages of work hardening are reviewed with emphasis on links between each stage. Simple quantitative descriptions are given for each stage. Similarities between stage I, easy glide, and stage IV, large strain hardening, are pointed out both in terms of magnitude of the hardening rate and of the underlying mechanism of dislocation debris accumulation. Stage II is described as an athermal hardening stage that occurs when statistical variations in the dislocation ``forest`` lead to geometrical storage of dislocations. The steadily decreasing hardening rate observed in stage III is characterized by the increasing rate of loss of dislocation density due to dynamic recovery. Stage III appears to have an asymptote to a saturation stress which is determined by the characteristics of the dislocation tangles, or cell walls. The imperfect nature of the dynamic recovery process, however, leads to the accumulation of dislocation debris and this, by analogy with stage 1, causes the apparent saturation stress to rise, thus causing stage IV.
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                    Stage IV work hardening in cubic metals

                    
                        Conference
                            Rollett, A; Kocks, U; Doherty, R
                            

                    The work hardening of fcc metals at large strains is discussed with reference to the linear stress-strain behavior often observed at large strains and known as Stage IV. The experimental evidence shows that Stage IV is a work hardening phenomenon that is found quite generally, even in pure fcc metals subjected to homogeneous deformation. A simple model for Stage IV in pure metals is presented, based on the accumulation of dislocation debris. Experiments are described for large strain torsion tests on four aluminum alloys. The level and extent of Stage IV scaled with the saturation stress that would represent themore » end of Stage III in the absence of a Stage IV. Reversing the torsion after large prestrains produced transient reductions in the work hardening. The strain rate sensitivity was also measured before and during the transient and found not to vary significantly. The microstructure observed at large strains in an Mg alloy suggest that Stage IV can occur in the absence of microband formation. Previous proposals for the cause of Stage IV are reviewed and found to be not supported by recent experimental data.« less
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                    Cold work hardening in stages IV and V of f. c. c. metals. I. Experiments and interpretation

                    
                        Journal Article
                            Zehetbauer, M; Seumer, V - Acta Metallurgica et Materialia; (United States)
                            

                    The paper presents numerous measurements which confirm stages IV and V to be general ranges of cold work deformation. Analogous to stage II, stage IV exhibits a linear athermal hardening with constant strain rate sensitivity and activation enthalpy. In stage IV the dislocation cell size is constant, while the dislocation density growth rate is markedly reduced compared with stages II and III. Features of stage V are analogous to stage III, the increase of strain rate sensitivity (decrease of activation enthalpy) indicating the onset of thermally activated dislocation annihilation. In stage V, the mechanism is identified as dislocation climb frommore » observing subgrain formation and saturation in density of deformation induced vacancies. Comparisons with recent investigations of stage IV and V at high temperatures suggest a common picture of low and high temperature deformation which only requires principles of storage and annihilation for both screw and edge dislocations.« less
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                    Strain hardening at large strains in aluminum alloys

                    
                        Technical Report
                            Rollett, A
                            

                    The strain hardening properties of high purity Al, commercial purity Al, Al-Mn, Al-Mg and Al-Cu alloys have been investigated at large strains in the temperature range 77-473K. Torsion of short thin walled cylinders was chosen as the deformation method. Results indicated that te stage of strain hardening known as Stage IV occurs even in pure face centered metals in torsion. Stage IV is the neraly constant hardening rate observed at large strains. The hardening rate in Stage IC is approximately 2.10/sup -4/ where the hardening rate has been reduced by the shear modulus and Taylor factor in factor in ordermore » to put it in terms of critical resolved shear stresses on a single slip system. A plot of hardening rate versus stress characteristically shows a sharp transition from steadily decreasing hardening rate in Stage III to constant Stage IV. Stage IV does not appear at high homologouss temperatures. Alloying generally extends the occurrence of Stage IV to high temperatures than in pure metals. A model has been developed that is based on the accumulation of dislocation debris such as dipoles and prismatic loops. This model is able to account for the characteristics of Stage IV, such as the sharp transition observed on a plot of hardening rate versus stress. 9 tabs, 122 figs.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Strain hardening at large strains

                    
                        Conference
                            Rollett, A; Kocks, U; Embury, J; ... 
                            

                    The strain hardening properties of various fcc metals have been investigated at large strains by means of torsion tests of short thin-walled cylinders. The results show that Stage IV occurs in all cases provided that a low enough test temperature is used; it is a nearly constant hardening rate of 2.10/sup /minus/4/ G in terms of resolved flow stress. Stage IV strain hardening has been modeled by considering the effects of accumulation of dislocation debris, such as dipoles and loops, in the ''saturation'' stress. The ''saturation'' stress that can be obtained by extrapolation of Stage III is now a limitingmore » flow stress that slowly increases with the accumulation of debris. The model reproduces the sharp transition from Stage III to Stage IV that occurs experimentally at low temperatures and, for a reasonable choice of parameters, the rate of hardening in Stage IV. 15 refs., 8 figs.« less
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                    Work hardening and recovery in sapphire (. cap alpha. -Al/sub 2/O/sub 3/) undergoing prism plane deformation

                    
                        Journal Article
                            Cadoz, J; Castaing, J; Phillips, D; ...  - Acta Metall.; (United States)
                            

                    Deformation of sapphire (..cap alpha..-Al/sub 2/O/sub 3/) by slip on the prism planes has been studied in compression. The operative slip system is (1120)<1100> but the large <1100> dislocations readily decompose into two 1/3 <2110> basal dislocations, especially at high strains. Deformation occurs in three stages: Stage I where the work hardening is low after yielding, Stage II where the work hardening rate is high (theta approx. ..mu../40), and Stage III where the work hardening rate decreases and leads to a plateau region. The high workhardening rate is explained in terms of the rapid formation of a forest of basalmore » dislocations which is produced by decomposition of the prism dislocations and hinders further glide on the prism plane. The plateau region is characterized by a balance between this increase in the dislocation density and its decrease due to annihilation in the network by diffusive climb. This recovery process has been modeled by considering the network as a system of linked loops which coarsen either by bulk or pipe diffusion; the latter process is the more probable.« less
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