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Abstract. The transmission electron microscopy (TEM) has been used to indicate the contribution of stress tensor 
components to internal stresses in deformed polycrystalline austenitic steel. TEM images of steel deformation 
demonstrate bend extinction contours the parameters of which allow detecting the stress tensor components (bending 
and torsional stresses of a crystal lattice). The diagrams are constructed for the contribution of stress tensor 
components to internal stresses in grains having different types of bending. The regularities are obtained for the stress 
distribution due to bending-torsion of a crystal lattice in the deformed face centered cubic crystal system. The 
experiment shows that the contribution of bending and torsion stress components to the internal stresses is different 
during the increase of deformation. The torsion stress component always grows with the increase of deformation, 
while the bending stress component either grows or lowers. The growth in the torsion stress component is typical for 
grains with compound bending. 

INTRODUCTION 

It is well known, that polycrystal deformation produces the internal stress fields inside its grains [1-5]. As a 
result, bend extinction contours are observed on the transmission electron microscopy (TEM) images of 
deformed material. The parameters of these extinction contours allow detecting the stress field characteristics 
[6]. The extinction contour is a point locus in which the atomic planes of the given family are parallel and, 
hence, are in the identical reflecting position. The extinction contours observed on TEM images reflect the 
nature of the local deformation of the specimen that can be both plastic and elasto-plastic [6, 7]. The behavior of 
the extinction contours reflects the bending-torsion amplitude of the crystal lattice observed in different local 
areas of material. The types of deformation of the crystal lattice, such as bending, torsion or mixed are identified 
by the mutual orientation of the extinction contour line and the reflection vector g . The internal stress is the 
second-order tensor [8]. The stress tensor components are presented by the bending and torsion stress 
components of a crystal lattice. Little is currently known about their contributions to the internal stresses.  

This paper mainly focuses on the investigations of the different grain bending affecting the stress tensor 
components in deformed austenitic steel. The stress tensor components are identified for the deformed 
polycrystal using the suggested methodology. Depending on the nature of deformation, either elastic and plastic 
or only plastic stress components are taken into account. Research results are discussed and compared with the 
experimental data obtained in the work by Kozlov et al. [9]. 

IDENTIFICATION METHOD FOR STRESS TENSOR COMPONENTS IN 
DEFORMED MATERIAL 

The stress tensor component in deformed material is identified using the methodology described in the 
work by Kiseleva et al. [10] which has been multiply applied in works [11-13]. The parameters of extinction 
contours observed on TEM images allow detecting the bending-torsion components 11 and 12 of the crystal 
lattice. They equal respectively to  
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where μ is the Young's modulus; b is Burgers vector; t is the foil thickness; 11 and 12 are stress tensor 

components; 11,p, 12,p  and 11,el, 12,el are respectively bending and torsion tensor components:  
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where  is the angle of grain boundary misorientation on L length; indices 11 and 12 are respectively for 

bending and torsion stress components. 

RESULTS AND DISCUSSION 

The type 1.1C-13Mn-Fe austenitic steel was investigated in this experiment. The test machine was used to 
measure tensile strength of steel specimens at 3.4 ·10-4 s-1 speed. The specimens 5 15 75 mm in size were 
tested at room temperature up to the material rupture (  = 36 %). The average grain size was 34 m. The steel 
specimens were quenched at 10500  during 30 min and then subjected to deformation. The degree of 
deformation was detected by the length of the investigated specimen area. The electrospark discharge machine 
was used to cut off metal plates 0.25-0.35 mm thick perpendicular to the specimen axis of tension. The spark 
cutting mode was selected so that not to cause the additional distortions in the material structure.  

The specimen surface was prepared in three stages. First, it was cleaned after cutting by hydrogen peroxide 
( 2 2) mixed with a few drops of hydrofluoric acid (HF). Second, at room temperature the specimens were 
subjected to electrolytic polishing in the oversaturated solution of chromic anhydride containing ortho-
phosphoric acid to obtain ~0.2 m thick foil. Finally, the specimens were polished in the electrolyte foam at 60-
800 . Observations of the structure and phase composition on thin steel foils were made on the EM-125 
transmission electron microscope and the attached goniometer. Specifications for the EM-125 included 125 kV 
accelerating voltage and 4000– 80000 magnification. TEM images of the fine structure of material were used 
to detect the internal stresses. 

TEM investigations are carried out for polycrystal grains under the different inclinations of the goniometer. 
TEM images presented in Fig. 1, 2 and 3 illustrate the structure of austenitic steel with dislocations. Bend 
extinction contours observed on these images indicate the presence of local stresses inside the grains. Two 
deformation degrees of  = 14 % and  = 25 % are shown in Fig. 1 a-d, 2 a,b and 3 a,b. The vector of actual 
reflection g  is normal to the goniometer axis. The investigated foil area includes neither interfaces nor 
misorientations within the displacement of extinction contours. The displacement is different at different foil 
inclinations. Thus, in Fig. 1 a,b and 2 a,b, this displacement is parallel, while  in Fig. 1 c,d and 3 a,b the 
contours either approach or move apart. In the first case, the grain bending is simple, in the second it is 
compound. Compound bending can cover two or more planes of the crystal lattice. 
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Figures 4 and 5 contain plots of the contributions of bending and torsion stress components to internal 
stresses in grains with different bending. The analysis of these contributions shows that these block diagrams are  

  

a) b) 
FIGURE 2. TEM images of tensile deformation (  = 25%) of steel specimen at different inclinations of the 
goniometer axis: ) 8.80, b) 9.20; K11, K21; K12, K22 – bend extinction contours; g – diffraction vector 

  

a) b) 
FIGURE 3. TEM images of tensile deformation (  = 25%) of steel specimen at different inclinations of the 
goniometer axis: ) 00, b) 30; K31, K41, K32, K42 – bend extinction contours; g – diffraction vector 

  

a) b) 
  

 
 
 

c) d) 
FIGURE 1. TEM images of tensile deformation (  = 14%) of steel specimen at different inclinations of the goniometer 
axis: ) 10; b) 30; c) 00; d) 10,50; K11, K21; K12, K22; K31, K41; K32, K42 – bend extinction contours; g – diffraction vector 
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a) b) 
  

c) d) 
FIGURE 4. Block diagrams of contribution W of internal stress tensor components (  = 14%) for grains:  
a, b ) with simple bending; c, d) with compound bending.  

multimodal for both simple and compound grain bending. Multimodality of the block diagrams indicates to the 
presence of elasto-plastic deformation in the specimen local areas. In all cases, the number of local areas with 
the bending-torsion stress components 11 and 12 not exceeding 2 GPa, is larger than that exceeding 2 GPa. For 
the torsion stress component, the number of local areas of 12 > 2 GPa grows with the increase of deformation 
(  = 14 % and 25 %). This is more distinctly observed in grains with compound bending. The detected values of 
bending and torsion stress components are given in Tables 1 and 2. 

TABLE 1. Stress tensor component contributions to internal stresses in grains with different bending,  = 14% 

Bending type Bending stress 11, GPa Torsion stress 12, GPa Inside grain < >, GPa 

Simple  0.46 1.00 1.11 
Compound  0.85 1.43 1.67 

TABLE 2. Stress tensor component contributions to internal stresses in grains with different bending,  = 25% 

Bending type Bending stress 11, GPa Torsion stress 12, GPa Inside grain < >, GPa 
Simple  0.93 1.16 1.50 
Compound  0.84 1.32 1.57 

 
The torsion stress 12 in grains with compound bending is higher than in grains with simple bending that 

can be seen in Tables 1 and 2 for respectively  = 14% and  = 25 % deformation. At the same time, the bending 
stress 11 behaves differently, i.e. at  = 14%, it is higher in grains with compound bending, while at  = 25 % it 
is lower in grains with simple bending. Thus, the torsion stress 12 is always higher in grains with compound 
bending. Therefore, it is believed that the increase in the torsion stress 12 defines the compound bending of 
grains with the growth of the deformation degree. 
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a) b) 
  

c) d) 
FIGURE 5. Block diagrams of contribution W of internal stress tensor components (  = 25%) for grains:  a, b) with 
simple bending; c, d) with compound bending.  

CONCLUSION 

During the deformation of polycrystalline austenitic steel the formation of grains with simple and compound 
bending was observed. The experiment showed that the contribution of bending and torsion stress components 
to the internal stresses is different during the increase of deformation. With the growth of the deformation 
degree, the torsion stress component always increased, while the bending stress component either increased or 
decreased. It was shown that at one and the same degree of deformation, the torsion stress component was 
always higher in grains with compound bending than in grains with simple bending. Thus, the higher torsion 
stress component is specific to the grains with compound bending. 
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