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Systematization of the theory of plasticity at the micron scale
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Fig. 1. Microstructure of the polycrystalline pure 
aluminum foil. Optical micrographs showing the 
rolling plane (a) and a cross section in the normal 
direction–rolling direction plane (b); (c) {111} 
pole figure; (d) section of the orientation 
distribution function at 2=45˚. 
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Fig. 2. microbend testing machine 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Measurement for radius of curvature. 
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Fig. 4. Nominal stress–nominal strain curves 
measured for polycrystalline aluminum foil 
specimens with different thicknesses. 

Fig. 5. Curves of strain-hardening modulus 
versus true plastic strain for different thicknesses. 
 
 
 

Fig. 6. Plots of bending moment versus surface 
plastic strain for the aluminum foil specimens. 
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Fig. 7. (a) Simplified model of a grain that is part 
of a polycrystalline foil subjected to pure bending. 
(b) Nondimensionalized bending moment 
–average surface strain curves and (c) GND 
density distributions on slip system 1 at an 
average surface strain of 0.025, which are 
predicted by finite element simulations using a 
higher-order gradient crystal plasticity theory. 

 

 

. K. Suzuki, Y. Matsuki, K. Masaki, M. Sato, 
M. Kuroda, Tensile and microbend tests of 
pure aluminum foils with different 
thicknesses. Materials Science and 
Engineering A, Vol. 513–514, 77–82 
(2009) . 

. Kuroda, M., Tvergaard, V., A finite 
deformation theory of higher-order gradient 
crystal plasticity. Journal of the Mechanics 
and Physics of Solids, Vol. 56, 2573-2584 
(2008) . 

 
6  

. M. Kuroda, M. Sato, Y. Matsuki Size 
effects in single crystal thin foils The 15th 
International Symposium on Plasticity & 
Its Current Applications –Plasticity 2009–
2009 1 7 ,  St. Thomas, U.S. 
Virgin Islands. 

. 

21
2008 11 3
 

. 

21
2008 11 3
 

. 

20
2007 11 28

 
. 

20
2007 11 28

 
. 

20
2007 11 28

 
 

 
(1)  

 KURODA MITSUTOSHI  
 

70221950 
(2)  

Viggo Tvergaard, The Technical University of 
Denmark, DK-2800, Denmark. 


