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    Abstract

        
            Evolution of local strain on electrodeposited tin films upon aging has been monitored by digital image correlation (DIC) for the first time. Maps of principal strains adjacent to whisker locations were constructed via comparing pre- and post-growth scanning electron microscopy (SEM) images. Results showed that the magnitude of the strain gradient plays an important role in whisker growth. DIC visualized the dynamic growth process in which the alteration of strain field has been identified to cause growth of subsequent whiskers.

        

    


                        

    	Authors: 
	














    
    
        
        
        
        
        
    

    
    
        
        
        
        
        
    



    Hoffman, E; 
    

    Lam, P
    







                	Publication Date: 
	Wed May 11 00:00:00 EDT 2011


    	Research Org.: 
	Savannah River Site (SRS), Aiken, SC (United States)


            	Sponsoring Org.: 
	USDOE


            	OSTI Identifier: 
	1013351


            	Report Number(s): 
	SRNL-STI-2011-00284
Journal ID: ISSN 1359-6462; SCMAF7; TRN: US201110%%534


                    	DOE Contract Number:  
	DE-AC09-08SR22470


                	Resource Type: 
	Journal Article


                        	Journal Name: 
	Scripta Materialia


                	Additional Journal Information: 
	Journal Name: Scripta Materialia; Journal ID: ISSN 1359-6462


                        	Country of Publication: 
	United States


                	Language: 
	English


                	Subject: 
	36 MATERIALS SCIENCE; AGING; EVALUATION; STRAINS; WHISKERS; TIN; ELECTRODEPOSITION; CRYSTAL GROWTH


                


                        
                            

                            
    
    Citation Formats

    
    
        	MLA
	APA
	Chicago
	BibTeX


    


    
            
        
            
                
                    Hoffman, E, and Lam, P. EVALUATION OF LOCAL STRAIN EVOLUTION FROM METALLIC WHISKER FORMATION.  United States: N. p., 2011. 
        Web.   
            

             Copy to clipboard

        
            
        
            
                
                    Hoffman, E, & Lam, P. EVALUATION OF LOCAL STRAIN EVOLUTION FROM METALLIC WHISKER FORMATION.  United States.   
            

             Copy to clipboard

        
                
        
            
                
                    Hoffman, E, and Lam, P. 2011.  
        "EVALUATION OF LOCAL STRAIN EVOLUTION FROM METALLIC WHISKER FORMATION".  United States.  https://www.osti.gov/servlets/purl/1013351. 
            

             Copy to clipboard

        

        
            
                
                    
@article{osti_1013351,

  title        = {EVALUATION OF LOCAL STRAIN EVOLUTION FROM METALLIC WHISKER FORMATION},

  author       = {Hoffman, E and Lam, P},

  abstractNote = {Evolution of local strain on electrodeposited tin films upon aging has been monitored by digital image correlation (DIC) for the first time. Maps of principal strains adjacent to whisker locations were constructed via comparing pre- and post-growth scanning electron microscopy (SEM) images. Results showed that the magnitude of the strain gradient plays an important role in whisker growth. DIC visualized the dynamic growth process in which the alteration of strain field has been identified to cause growth of subsequent whiskers.},

  doi          = {},

  url          = {https://www.osti.gov/biblio/1013351},
  journal      = {Scripta Materialia},

  issn         = {1359-6462},

  number       = ,

  volume       = ,

  place        = {United States},

  year         = {Wed May 11 00:00:00 EDT 2011},

  month        = {Wed May 11 00:00:00 EDT 2011}

}
    
            

             Copy to clipboard

        
            
    



    
    



                        

                    

                    
                        

                
Journal Article:


    
                                     View Journal Article
                                

                            

    

        Other availability

        
                [image: Find in Google Scholar] Find in Google Scholar
            

            
                [image: Search WorldCat] Search WorldCat to find libraries that may hold this journal
            




    Save / Share:
    
        
        
            Export Metadata  
            
                	Endnote
	RIS
	CSV / Excel
	XML
	JSON


            
            
        

        
            Save to My Library
                    
                        
                            You must Sign In or Create an Account in order to save documents to your library.
                        

                    
            
                

        
            
                	
                    Facebook
                
	
                    Twitter
                
	Email
                
	Print
                
	
                    More share options
                    
                        	 LinkedIn
	 Pinterest
	 Tumblr


                    
            
                


            

        

                
    


                    

                

            
                    
            
            
            
                
                
                
                
                

            
            
                    
            
            
            
            
            
            
            
                
                    

                        
                            
                                Similar records in OSTI.GOV collections:

                                
                                	
            










                    Contributions of stress and oxidation on the formation of whiskers in Pb-free solders

                    
                        Technical Report
                            Duncan, A.; Hoffman, E.
                            

                    Understanding the environmental factors influencing formation of tin whiskers on electrodeposited lead free, tin coatings over copper (or copper containing) substrates is the topic of this study . An interim report* summarized initial observations as to the role of stress and oxide formation on whisker growth. From the initial results, two main areas were chosen to be the focus of additional research: the demonstration of effects of elastic stress state in the nucleation of whiskers and the confirmation of the effect of oxygen content in the formation of whiskers. Different levels of elastic stress were induced with the incorporation ofmore » a custom designed fixture that loaded the sample in a four-point bending configuration and were maintained in an environmental chamber under conditions deemed favorable for whisker growth. The effects of oxygen content were studied by aging substrates in gas vials of varying absolute pressure and different oxygen partial pressure.« less
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                    Contributions of Stress And Oxidation on the Formation of Whiskers in Pb-Free Solders

                    
                        Technical Report
                            Duncan, Andrew; Hoffman, Elizabeth
                            

                    This report summarizes the research activities of WP-1754. The study focusses on the environmental factors influencing formation of lead free whiskers on electrodeposited tin coatings over copper (or copper containing) substrates. Much of the initial results are summarized in an interim report. From the initial results, two main areas were chosen to be the focus of additional research: the demonstration of effects of elastic stress state in the nucleation of whiskers and the confirmation of the effect of oxygen/nitrogen ratio in the formation of whiskers. Different levels of elastic stress were induced with the incorporation of a custom designed fixturemore » that loaded the substrates in a four-point bending configuration and were maintained in an environmental chamber under conditions deemed favorable for whisker growth. The results show that induced elastic stress slightly increased the concentration of nucleation sites of whiskers. The effects of oxygen content were studied by aging substrates in gas vials of varying absolute pressure and different oxygen/nitrogen ratios. The concentration of whiskers were measured and appear to be sensitive to absolute pressure but are not sensitive to oxygen content (as previously observed).« less
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                    Deformation-induced spatiotemporal fluctuation, evolution and localization of strain fields in a bulk metallic glass

                    
                        Journal Article
                            Wu, Yuan; Bei, Hongbin; Wang, Yanli; ...  - International Journal of Plasticity
                            

                    Deformation behavior and local strain evolutions upon loading and unloading of a bulk metallic glass (BMG) were systematically investigated by in situ digital image correlation (DIC). Distinct fluctuations and irreversible local strains were observed before the onset of macroscopic yielding. Statistical analysis shows that these fluctuations might be related to intrinsic structural heterogeneities, and that the evolution history and characteristics of local strain fields play an important role in the subsequent initiation of shear bands. Effects of sample size, pre-strain, and loading conditions were systematically analyzed in terms of the probability distributions of the resulting local strain fields. It ismore » found that a higher degree of local shear strain heterogeneity corresponds to a more ductile stressestrain curve. Implications of these findings are discussed for the design of new materials.« less
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                    Evolution of tensile and shear cracking in crystalline rocks under compression

                    
                        Journal Article
                            Zafar, Sana; Hedayat, Ahmadreza; Moradian, Omid - Theoretical and Applied Fracture Mechanics
                            

                    Here we performed laboratory-scale unconfined compression experiments on Barre granite specimen with a single pre-existing flaw to study the evolution of tensile and shear cracking that occurs during different stress levels. Moment tensor inversion of acoustic emission (AE) events in combination with the nonelastic strain component obtained through the 2D digital image correlation (DIC) technique are used to track the changes in the source mechanisms of the stress-induced cracks. The mode of deformation computed from the image based strain profiles, enables visual comparison of the nucleation, growth and interaction of the tensile and shear cracks with the microseismic source mechanismmore » observed by moment tensor inversion of the AE events. Comparing the results obtained from the two techniques on the same dataset demonstrates a quantitative correlation between the acoustic and visual observations in terms of the cracking mechanisms obtained at different stages of cracking from crack initiation at the flaw tips to the failure of the rock specimen.« less
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                    Type IV failure in weldment of creep resistant ferritic alloys: I. Micromechanical origin of creep strain localization in the heat affected zone

                    
                        Journal Article
                            Zhang, Wei; Wang, Xue; Wang, Yiyu; ...  - Journal of the Mechanics and Physics of Solids
                            

                    Creep strength enhanced ferritic (CSEF) steels containing 9-12wt% chromium have been extensively used in fossil-fuel-fired power plants. Despite their excellent creep resistance at high temperatures, premature failures (especially Type IV cracking) are often found in the fine-grained heat affected zone (HAZ) or intercritical HAZ of the welded components. This failure mode is preceded by the strain localization in the HAZ, as measured by the Digital Image Correlation (DIC) technique. The present work aims to develop a finite-element based computational method to determine the micromechanical and microstructural origin of the strain localization phenomenon. We construct a two-dimensional digital microstructure based onmore » the actual microstructure of ferritic steel weldments by using the Voronoi-tessellation method, to account for the effects of its large grain-size gradients. A mechanism-based finite element method is developed for modeling the high temperature deformation resulting from a synergy of thermally activated dislocation movements, diffusional flow and grain boundary sliding. The numerical results agree well with the strain measurements by our DIC technique, particularly revealing the effect of pre-welding tempering on the evolution of strain localization in HAZ of creep resistant steel weldments. It is found that the diffusional creep with dependence on grain sizes, dislocation creep with dependence on material strength, and more importantly, grain boundary sliding, contribute synergistically to the creep strain accumulation in the HAZ, and their relative degree of significance is quantified. The creep rupture life will be investigated in the companion paper.« less
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