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Abstract. In this study, we investigate a method for accurately representing mechanical 
anisotropy in a crystal plasticity finite element (FE) analysis using a computational model with 
a small number of crystal grains to reproduce the rolling texture. We propose a method for 
extracting the preferred orientation of the rolling texture, construct a computational model 
using this method, and perform a crystal plasticity FE simulation. 

 
 
1 INTRODUCTION 

The crystal plasticity finite element (FE) analysis considering the microscopic information 
describes the mechanical response of polycrystalline metals at the grain level. When the crystal 
orientation information of the actual material is applied to the computational model for the 
crystal plasticity FE simulation, the crystal orientation is often randomly extracted from the 
electron backscatter diffraction pattern (EBSD) measurement data [1]. The number of crystal 
grains in crystal plasticity FE analysis is limited to a small number compared to the actual 
crystalline metals due to the calculation cost. When the number of crystal grains in a 
computational model is small, the conventional method of randomly extracting crystal 
orientations from EBSD measurement data and reflecting them in the computational model may 
result in different analytical results among different models due to the combination of crystal 
orientations. As a result, there may be a problem of not obtaining appropriate analysis results. 
If the crystal orientation distribution of the actual material can be reproduced by a 
computational model with a small number of grains, the computational cost can be reduced. 
The rolling texture induced by the rolling process significantly affects the mechanical properties 
of rolled metals, and the rolling texture causes mechanical anisotropy [2]. Numerical 
reproduction of the rolling texture of the actual material reproduces the mechanical anisotropy 
of rolled metals in a crystal plasticity FE analysis. 

This study investigates a method to reproduce mechanical anisotropy by accurately 
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reflecting the rolling texture in a computational model with a small number of grains for crystal 
plasticity FE simulation. We propose a method to extract the crystal orientation representative 
of the rolling texture from the crystal orientation measured by EBSD and reflect it in the 
computational model. The computational model with the crystal orientation determined by the 
proposed method was prepared, and a crystal plasticity FE simulation was performed. Based 
on the obtained results, the variability of the numerical results and the reproducibility of 
mechanical anisotropy by the proposed method were evaluated in comparison with the 
conventional method. 

2 ANALYSIS AND ORIENTATION EXTRACTION METHOD 

2.1 Crystal plasticity finite element analysis 

For the elasto-viscoplastic constitutive equation in crystal plasticity theory, we used the 
equation proposed by Peirce et al. [3]. 
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T  is the co-rotational rate of Cauchy stress, eC  is the anisotropic modulus tensor, D  is 
the deformation rate tensor, ( )s  is the slip direction vector, ( )m  is the normal vector of the 
slip plane, ( ) x  is the symmetric part of the second-order tensor, and    is the slip rate. For 
the slip rate in the elasto-viscoplastic constitutive equation, the following Pan-Rice type slip 
rate hardening law [4] is used. 
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where  
0
  is the reference slip rate, ( )  is the resolved shear stress, ( )g   is the flow stress, 

and m  is the strain rate sensitivity. The flow stress is expressed as 
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where ( )
0
  is the reference value of the flow stress, a  is a numerical constant,   is the shear 

modulus, b  is the magnitude of the Burgers vector, ( )
d
  and ( )

GN
  ( )

GN
  are respectively the 

SS and GN dislocation densities, and ( )  and ( )
GN
  are matrices representing the interaction 

of the SS and GN dislocations, respectively. 

2.2 Orientation extraction method 

In this study, we propose the following method: weights are assigned to the crystal 
orientation of each measurement point measured by EBSD as an index of orientation, and the 
crystal orientation is extracted based on these weights and applied to the computational model. 
Figure 1 shows the (111) pole figure and EBSD observations of 20 %  asrolled FeMnNiCoCr 
alloy without heat treatment. 

At first, the misorientation angle between a measurement point in the EBSD measurement 
data and other measurement points is calculated. The number of measurement points with an 
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orientation difference below a threshold value is assigned as the weight of the measurement 
point. Here, we call the threshold value the misorientation angle for the weights. This operation 
assigns weights to the crystal orientation of all measurement points in the EBSD data. The 
weighted crystal orientations are arranged in order of increasing weight. The crystal orientation 
is randomly extracted from the top x % in order of weight and applied to the computational 
model. 

3 ANALYSIS MODELS AND ANALYSIS RESULT 

3.1 Identification of material constants 

Although microstructural observation has become easier with the development of the EBSD 
method, a wealth of knowledge and experience is required to understand the phenomena inside 

 
         (a) (111) Pole figure.                          (b) EBSD measurement result. 
 

Figure 1: (111) pole figure and EBSD observations of the a rolled FeMnNiCoCr alloy.y 

   
                              (a) Computational model of 27 grains.          (b) Computational model of 64 grains. 
 

Figure 2: Computational models. 
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materials correctly. In addition, dynamic observation of changes in dislocation density and 
crystal orientation requires testing inside the SEM equipment, which is extremely difficult due 
to the limited size of the specimen. In this study, material parameters were identified by curve 
fitting the true stress-strain curve obtained by numerical analysis, so that the curve shows the 
same trend as the true stress-strain curve obtained by uniaxial tensile test in the region below 
about 0.02 strain. We used a computational model of 729 grains whose crystal orientation was 

(1) 1 °                                        (2) 4 °                                               (3) 7 °° 
(a) Extracted from top 3 %. 

(1) 1 °                                            (2) 4 °                                             (3) 7 ° 
(b) Extracted from top 6 %. 

(1) 1 °                                           (2) 4 °                                             (3) 7 ° 
(c) Extracted from top 9 %. 
 

Figure 3: (111) pole figure of crystal orientation extracted by the proposed method. 
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randomly determined from EBSD measurement data. The anisotropic elastic moduli 11C , 12C , 

44C  and the magnitude of the Burgers vector b  are literature values [5~8]. The initial 
dislocation density  

d
 , dislocation annihilation rate k , and accumulated dislocation length r  

were identified by fitting the stress-strain curve, and their values are as follows:  
d
 = 2.5×

1014 m-2, k =4.0×10-15 m2, r =50.0 nm. 

3.2 Analysis model 

The simulation assuming a rolled FeMnNiCoCr alloy whose average grain size is 80 μm was 
performed. Two types of computational models with a different number of grains were prepared, 
i.e., 27 grains (16,029 first-order tetrahedron elements) and 64 grains (46,643 elements). As 
shown Fig. 2, the coordinate axes of the computational model correspond to the rolling direction 
(RD), transverse direction (TD), and normal direction (ND), and periodic boundary condition 
is applied in all directions. The tensile loading direction is RD or transverse direction (TD). To 
compare the proposed method with a method in which orientation is randomly extracted from 
all EBSD measurement data (the conventional method), we applied the crystal orientation given 
by the proposed and conventional methods to the above computational models.  

Crystal orientation is extracted from the top 3, 6, or 9 % in the weighted order as applied 
crystal orientation to the computational models. The misorientation angle for the weights was 
set to 1, 4, or 7°. Figure 3 shows the (111) pole figures plotted by the crystal orientation 

 
                         (a) Extracted from the top 3 %                                 (b) Extracted from the top 6 % 

 

 
(c) Extracted from the top 9 %                             (d) Conventional method 

 
Figure 4: Meachanical anisotropy obtained from the models of 27 grains. 
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extracted by each condition. Ten different combinations of crystal orientation are applied to the 
computational modes to investigate the dispersion of calculated results due to random extraction. 
In this analysis, the number of EBSD measurement points is 108,580, which excludes those 
with a CI value of 0.5 or less. The number of crystal orientation data extracted from the top 3, 
6, and 9 % in order of weight is 3,257, 6,515, and 9,772, respectively. It was confirmed that the 
larger the misorientation angle for the weights, the more localized the extracted orientation 
becomes. The variation of 0.2 % proof stress and mechanical anisotropy (ratio of 0.2 % proof 
stress of RD to TR) obtained analysis results were investigated. 

3.3 Analysis Results 

Figures 4 and 5 show the analysis results for the model of 27 and 64 grains, respectively. 
The ten results obtained by different combinations of crystal orientation are plotted in (a)~(c) 
for each top percentage in order of weight, with the horizontal axis representing the 
misorientation angle for the weights and the vertical axis representing the ratio of 0.2 % proof 
stress (TD/RD). Figures 4(d) and 5(d) are the simulation results calculated by the conventional 
method. The ratio of 0.2 % proof stress obtained by the uniaxial tensile test is 1.11. The 
dispersion of the results is observed for both the 27-grain and 64-grain models, suggesting that 
a computational model with a larger number of grains would be necessary to reduce the 
dispersion and obtain a single result. The average values of both results obtained by the 27-
grain and 64-grain models show larger mechanical anisotropy than those obtained with the 

 
                       (a) Extracted from the top 3 %                                  (b) Extracted from the top 6 % 
 

 
                  (c) Extracted from the top 9 %                               (d) Conventional method 
 

 Figure 5: Meachanical anisotropy obtained from the models of 64 grains. 
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conventional method. A similar trend is observed for the results obtained by the 27-grain and 
64-grain models when the crystal orientations are extracted from the top 3 % and 6 %. In the 
simulation with crystal orientations extracted from the top 3 %, the anisotropy peak is the largest 
when the misorientation angle for the weights is 3°. When crystal orientations are extracted 
from the top 6 %, there is no difference in anisotropy due to the misorientation angle for the 
weights. From the (111) pole figure in Fig. 3, it can be seen that the pole figure around the 
circumference of the crystal changed more significantly with the change in the misorientation 
angle for the weights from the top 3 %. This trend is thought to be because the number of crystal 
orientation data is too small when the data is extracted from the top 3 %, which is strongly 
affected by the misorientation angle for the weights. In the result calculated with the crystal 
orientations extracted from the top 9 %, a different trend is observed in the analytical results of 
the 27-grain and 64-grain computational models. In the 64-grain computational model, the 
anisotropy does not vary much with the misorientation angle for the weights, whereas in the 
27-grain model, it varied more. Since the number of crystal orientation data from the top 9 % 
is larger than that from the top 3 and 6 %, the combinations number of crystal orientations 
increases, resulting in the dispersion in the average value in the 27-grain model. No dispersion 
is observed in the 64-grain computational model, but when orientations are extracted from the 
top 9%, the dispersion of anisotropy is likely to be greater. Based on the above, extracting the 
orientation from the top roughly 6 % in the weight order is considered necessary to reproduce 
the mechanical anisotropy of the materials used in this study. 

4 CONCLUSIONS 

In this study, we proposed a method to extract the preferential orientation of the rolling 
texture and reflect it in a computational model. A computational model was created using the 
proposed method, and a crystal plasticity finite element analysis was performed. The obtained 
results suggest that a computational model with a larger number of grains is necessary to reduce 
the variation and obtain a single result. When the crystal orientations were extracted from the 
top 6 % in the weight order, the mechanical anisotropy was close to the experimental value, 
independent of the difference in the misorientation angle for the weights. It is suggested that 
the orientation should be extracted from the top roughly 6 % of the weights to reproduce the 
mechanical anisotropy of the material studied in this research. 
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