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Architecture and Microstructure 

Integration is the key 
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Architecturing martensite morphology in DP steel  
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Elasto-‐plas5c	  
Finite	  Element	  

Analysis	  

Gene5c	  
Algorithm	  

Objective 

Architecturing DP microstructure by Micro-mechanical modeling 



Voronoi	  Tessella5on	  



First level: fine 
tessellation 

Second level: 
coarse master 

tessellation 

Multi level Voronoi  
principles of the new algorithm 
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Ferrite contiguity parameter (FCP)= 0.31  Von Mises stress (VMS) distribution 

Equivalent plastic strain (EPS) distribution 
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EPS distribution 
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VMS distribution 

EPS distribution 
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Elasto-‐plas5c	  Finite	  Element	  
Formula5on	  

Assumptions: 
1. Bilinear Material behavior. 
2. Plane strain condition. 
3. Stress and strain calculation at 

centroid of linear strain triangle. 

F 



Elasto-‐plas5c	  Finite	  Element	  Formula5on-‐Elas5c	  part	  

Load	  increment	  
{F+ΔF}=[K]{u}	  

Calcula5on	  of	  strain;	  {ε}	  

Calcula5on	  of	  stress;	  {σ}	  
{Δ	  σ}=[D]{Δ	  ε}	  

Von	  Mises	  yielding	  	  criteria	  
F(σ,YS)	  	  

Plas5c	  part	  

F≤0 

F>0 



Elasto-‐plas5c	  Finite	  Element	  Formula5on-‐Plas5c	  regime	  

Propor5onal	  
reduc5on	  	  	  

	  
	  
	  

Calcula5on	  of	  corrected	  
stress	  and	  strain	  
σC=	  σB+R.	  Δ	  σ	  
εP=(1-‐R).	  Δ	  ε	  

	  
	  
	  

Stress	  by	  Euler	  forward	  
sub-‐division	  

{Δ	  σ}=[D]{εP/	  n}	  

Correc5on	  of	  yield	  
surface	  drid	  	  

σ2 

σ2 

F=0 



Test	  results	  
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Conclusion	  

•  Voronoi	  construc5on	  has	  been	  employed	  for	  
development	  of	  architectured	  microstructure.	  

•  Evolu5on	  of	  Von	  Mises	  stress	  and	  equivalent	  
plas5c	  strain	  has	  been	  es5mated	  by	  micro-‐
mechanical	  analysis.	  

•  Suitable	  finite	  element	  code	  has	  been	  
developed	  for	  its	  use	  as	  the	  objec5ve	  func5on	  
in	  the	  aBempt	  of	  mul5-‐objec5ve	  op5miza5on	  
of	  microstructure.	  


