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Models for the mechanical testing must be created, and they must be processed at a high 

cost and take a very long time to finish. for bending, pulling, impact resistance, and other 

tests. to establish suitable mechanical standards for the application of these materials in 

the industrial, military, and aviation sectors. In order to gather information on these 

materials' resistance without requiring specialized laboratories, it was therefore required 

to test them using specific software, which lowers the expense associated with studying 

the materials before using them. To use computer simulation to research the impact of 

nc-TiN coating on the mechanical characteristics of stainless steel 121810T. Finite 

element models of uncoated and nc-TiN coated stainless steel 12Х18Н10Т were 

developed. Tensile, bending and impact tests were simulated using the ANSYS program. 

The coated models showed increased resistance compared to uncoated models in all three 

tests. The tensile strength, bending force and impact energy of the coated models 

increased by 30%, 32.67%., and 31.68% respectively. Finite element simulation 

demonstrated that nc-TiN coating can significantly enhance the mechanical properties of 

stainless steel 12Х18Н10Т. The virtual testing approach provides a cost-effective way to 

characterize materials and optimize coating parameters. The most important outcome of 

this study is the ability of numerical programs to generate mathematical models of 

models similar to those used in laboratories and workshops to perform various 

mechanical tests, such as tensile strength, impact resistance, bending resistance, twisting 

resistance, and other mechanical tests. In addition to describing the behavior of the 

material under the influence of different loads, this shortens the time it takes to finish 

industrial and technological projects and lowers the related expenses. 
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1. INTRODUCTION

Metal engineering materials frequently experience 

catastrophic failure as a result of wear, fatigue, corrosion, high 

speed, and overload. Surface Nano crystallization (SNC) of 

metallic materials was first described by Lu and Lu [1] who 

also noted that the surface qualities have a significant impact 

on how well metal materials perform. As more knowledge is 

gained about the types of damage that might occur and the 

factors that lead to them. Manufacturing procedures for parts 

and control techniques improve, making it easier to stop more 

damage of this kind [2]. For the purpose of identifying the 

source of a leak identified during the aircraft's preflight 

preparations, a steel pipeline 12X18H10T with a wall 

thickness of 1.20 mm was examined. Aircraft hydraulic 

system components are extremely prone to acquiring a number 

of defects that cause the hydraulic system to malfunction and 

fail. Since to the large vibration loads and abrupt pressure and 

temperature fluctuations that are applied to these components 

during operation [3]. Applying multi-element ion-plasma 

coatings is one way to solve a variety of issues where the part's 

surface characteristics are critical because they permit large 

changes in the surface's physical and mechanical qualities. At 

the moment, single-phase coatings made of titanium nitrides 

and a few other metals are the most popular [4-10]. In parallel, 

research has started on multi-element coatings, which have a 

variety of special qualities that cannot be attained by 

conventional metallurgical techniques [11-14]. This type of 

steel is not susceptible to local types of corrosion when alloyed 

with nitrogen, or when alloyed with nitrogen and molybdenum 

together [15, 16]. Surface modification techniques using high 

energy have shown promise [17-19]. A more thorough 

investigation is necessary, however, to fully understand the 

impact of nitrogen-ion implantation on the surface of 

12X18N10T steel [20]. When steels are deformed at high 

temperatures, it may be assumed that a high martensite content 

will result in greater deformation. In the past, studies [21, 22] 

examined the super plasticity of the transition using Co-Ni-Nb 

alloy. In this work, we study the structural-phase state and 

high-temperature deformation of steel 12Kh18N10T, which 

have unique physical properties. The goal of this research is to 

examine how steel behaves in its structural phase both before 
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and after plastic deformation occurs at high temperatures [23]. 

Numerous studies, including those [24-28], employed the 

ANSYS 15.0 program to study the stresses, strains, and 

deformation the material undergoes during the loading process. 

In order to achieve this objective, it is required to do the 

following: Analyze the stresses, strains and deformations that 

occur before and after the coating process, and these stresses 

are under the influence of three types of loads, tension load, 

compressive load, and impact load, and then compare the 

results that will be obtained. It has to design models made of 

Steel 12X18H10T before coating, and other models made of 

the same material, but after coating it with titanium nitrate. 

The goal of this article is to investigate the effects of nc-TiN 

coating on the mechanical behavior of stainless steel 

12Х18Н10Т under different loading conditions through finite 

element simulation. 

 

 
2. MATERIALS USED 

 
There were built six mathematical models: the first and 

second models for tensile testing, the third and fourth models 

for bending tests, and the fifth and sixth models for impact 

tests. The shape and dimensions of these models are shown in 

Figure 1. The material for this study was austenitic steel 

12H18N10T (also known as AISI 321). Table 1 and Table 2 

list its chemical composition of the Steel 12X18H10T and 

mechanical characteristics, respectively. 

 
Table 1. Composition of Steel 12X18H10T [29-33] 

 

NO. Element 

Wt % 

Standard Steel 

12Х18Н10Т 
Steel 12Х18Н10Т 

1 Si ≤0.8 0.24 

3 Mn ≤2.0 1.16 

4 C ≤0.12 0.06 

5 Ni 9.0 – 11.0 10.50 

6 Ti 0.5 – 0.7 0.55 

7 Cr 17.0 – 19.0 17.35 

8 Fe Rem. 70.14 

 

 

 
All dimensions in mm 

 

Figure 1. Dimensions of the ASTM E8 standard tensile test 

specimen [33] 

 

Table 2. Mechanical and physical properties of Steel 

12X18H10T [29-33] 

 

Property 

Modulus of 

Elasticity E, 

GPa 

Modulus of 

Rigidity G,  

GPa 

Density 

ρ, 

Kg/m3 

Poisons 

Ratio 

µ 

Steel 

12X18H10T 

Standard 

190 - 210 80 7870 0.3 

Steel 

12X18H10T 

Before coating 

205 79 7870 0.3 

Steel 

12X18H10T 

After coating 

300 119 9440 0.26 

Tool (Tungsten 

Carbide) 
534 219 11900 0.22 

 

 

3. MODELS ANALYSIS AND SHAPE SPECIMENS 

 

 

 
 

Figure 2. Three-point bend test configuration diagram [33] 

 

 

 
 

Figure 3. Charpy V-notch specimen proportions according to 

ASTM E23 [3] 
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Table 3. Describe the mechanical properties of all models 

 

Model Materials Density 𝛒, (Kg/m3) Modulus of Elasticity E, (GPa) Modulus of Rigidity G, (GPa) 
Passion’s Ratio 

µ 

M.-1 Steel 12X18H10T after coating 7870 205 79 0.3 

M.-2 Steel 12X18H10T before coating 9440 300 118 0.27 

M.-3 Steel 12X18H10T after coating 7870 205 79 0.3 

M.-4 Steel 12X18H10T before coating 9440 300 118 0.27 

M.-5 Steel 12X18H10T after coating 7870 205 79 0.3 

M.-6 Steel 12X18H10T before coating 9440 300 118 0.27 

 

Table 4. A list of the elements, forms, load types, and materials used in the ANSYS program 

 
Material Model Shape Individual Disciplines Type of Element Applied Load 

M.-1 

Isotropic 

 

Structural SHELL 8 node 183 

200 Kw 

M.-2 

 

200 Kw 

M.-3 

 

200 Kw 

M.-4 
 

200 Kw 

M.-5 
 

298.5 Joule 

M.-6 
 

298.5 Joule 

 

Six models were created for this investigation, including 

two for tensile strength testing (one before coating, the other 

after coating), Figure 2, two for impact tests (one before 

coating, the other after coating), Figure 1, and two for impact 

tests (one before coating, the other after coating), then, Figure 

3 using the ANSYS 15.0 program, apply loads to them to 

analyze the effects of stresses, strains, and deformation that 

these models experience when loaded. Table 3 describe the 

mechanical properties of all models and Table 4 list the 

elements, forms, load types, and materials. 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Tensile test 

 

The tensile test specimen can be made in a variety of shapes, 

but if the thickness of the material being tested permits, the 

specimen with a rectangle or rectangular cross-section is 

chosen. The distance that establishes the sample's length to 

gauge its elongation in respect to it is referred to as the "length 

gauge" in this context. The material being tested and the 

technique used to secure it inside the test machine both affect 

how the sample's ends are shaped. The middle is not always 

affected by a section smaller than the stresses of the clamps. 

The sample's ends can be threaded  or shouldered. Following 

the application of a load (200 KN) to the models using the 

ANSYS 15.0 program, the results of simulation tensile tests on 

the models are shown in Figures 4-10. 

The results of the tensile tests performed on steel models 

both before and after coating show that: The coated models 

had less deformation than the untreated models by a 

percentage of (30.97). In the direction of the x-axis, the 

maximum strain ratio (εx) decreased by (30.05). The maximum 

shear strain ratio (εxy), on the other hand, went down by a 

percentage (36.81%). Nonetheless, there was a (31.35%) 

decreased in the percentage of the maximal stress intensity 

(εint). 

 

 
(a) 

 
(b) 

 

Figure 4. The deformation for a tensile test: a) The first 

model (M.-1); and b) The second model (M.-2) 
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(a) 

 
(b) 

 

Figure 5. The normal stress (σx) for a tensile test: a) The first 

model (M.-1); and b) The second model (M.-2) 

 

 
(a) 

 
(b) 

 

Figure 6. The shear stress (τxy) for a tensile test: a) The first 

model (M.-1); and b) The second model (M.-2) 

 
(a) 

 
(b) 

 

Figure 7. The intensity stress (σint.) for a tensile test: a) The 

first model (M.-1); and b) The second model (M.-2) 

 

 
(a) 

 
(b) 

 

Figure 8. The normal strain (εx) for a tensile test: a) The first 

model (M.-1); and b) The second model (M.-2) 
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(a) 

 
(b) 

 

Figure 9. Results of tensile test, shear strain (εxy) for: a) The 

first model (M.-1); and b) The second model (M.-2) 

 

 
(a) 

 
(b) 

 

Figure 10. Results of tensile test, von mises total mechanical 

strain (εint.) for: a) The first model (M.-1); and b) The second 

model (M.-2) 

4.2 Bending test 

 
The bending strength test, which measures a material's 

resistance to deformation under the influence of a load applied 

to it, has grown in importance in manufacturing operations, 

research, and development due to the growing demand for 

high quality materials and requirements. A good image of the 

elastic modulus of bending, bending stress, and bending strain 

is provided by the material that was put through this test. The 

strength and brittleness of metal components and weld 

connections are assessed using the bending test.  A test 

specimen is punctured halfway through a mandrel, creating a 

concave surface with a radius of curvature. The convex surface 

of the twisted specimen is then examined for any flaws or 

fissures. Bending testing allows for the possibility of faults at 

their source, determines their nature, and provides data on the 

size and concentration of defects brought on by pores, cracks, 

contractures, insufficient penetration, or inclusions.  The 

sample's typical dimensions are depicted in the Figure 2. 

The results of the bending tests for the coated and uncoated 

steel models in Figures 11-19 show that the coated steel had 

improved resistance, as the bending resistance increased for 

the coated steel models under the influence of the bending load 

compared to the uncoated steel models by (30.9%). The 

normal stress resistance (σy) for the painted models improved 

by (3.1%), As for the normal strain resistance (εy), it increased 

by (32.67%) for the coated steel models over the uncoated 

steel models. 

 

 
(a) 

 
(b) 

 

Figure 11. Results of bending test, deformed and unreformed 

for: a) The third model (M.-3); b) The fourth model (M.-4) 
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(a) 

 
(b) 

 

Figure 12. Results of bending test, deformation in direction 

y-axis, for: a) The third model (M.-3); and b) The fourth 

model (M.-4) 

 

 

(a) 

 
(b) 

 

Figure 13. Results of bending test, displacement vector sum, 

for: a) The third model (M.-3); and b) The fourth model (M.-

4) 

 
(a) 

 
(b) 

 

Figure 14. Results of bending test, stress in direction x-axis 

(σx), for: a) The third model (M.-3); and b) The fourth model 

(M.-4) 

 

 
(a) 

 
(b) 

 

Figure 15. Results of bending test, stress in direction y-axis 

(σy), for: a) The third model (M.-3); and b) The fourth model 

(M.-4) 
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(a) 

 
(b) 

 

Figure 16. Results of bending test, intensity stress (σint.), for: 

a) The third model (M.-3); and b) The fourth model (M.-4) 

 

 
(a) 

 
(b) 

 

Figure 17. Results of bending test, strain in direction x-axis 

(εx), for: a) The third model (M.-3); and b) The fourth model 

(M.-4) 

 
(a) 

 
(b) 

 

Figure 18. Results of bending test, strain in direction y-axis 

(εy), for: a) The third model (M.-3); and b) The fourth model 

(M.-4) 

 

 
(a) 

 
(b) 

 

Figure 19. Results of bending test, intensity strain (εint.), for: 

a) The third model (M.-3); and b) The fourth model (M.-4) 
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In order to compare of the behavior of the deformation, 

stresses, and strains that the models test when they are 

subjected to the impact load, the horizontal and vertical paths 

that were selected are shown in Figure 20. 

 

 
 

Figure 20. The selected horizontal path for the bending test 

 

Figure 21a shows a comparison between the deformation 

resistance of the coated and uncoated steel models, from the 

beginning of the model to its end (Path (A-B)), and that the 

highest deformation was in the middle of the samples, and its 

value was (87.5543 mm) in the uncoated model, while its 

value was in the uncoated model. The lower plated amounted 

to (60.4991 mm). Figure 21b shows the normal stress 

distribution for the same path, and it is evident from the 

distribution of normal stresses (σx) that the uncoated model's 

value at the center of the models reached (44527 MPa), while 

the coated model's value increased to (47728 MPa). 

The distribution of normal stress (σy) over the same path is 

shown in Figure 22a, and it is evident from the distribution of 

stresses that the uncoated model had a value of (3079 MPa) in 

the middle of the models while the coated model had a lower 

value of (2881 MPa). The distribution of maximum stress 

intensity values is shown in Figure 22b, with the uncoated 

model's value for the middle of the track equal (44541 MPa) 

and the coated model's value for the middle of the track equal 

(47744 MPa).  

Comparing the normal strain values (εy) for coated and 

uncoated steel models for the same track is shown in Figure 

23a. Its value was (0.050142 mm) in the uncoated sample and 

(0.033354 mm) in the coated sample. Figure 23b shows a 

comparison between the strain intensity values (0.28245 mm) 

in the middle of the track for the uncoated model, while its 

value for the coated model was lower and amounted to 

(0.20212 mm). 

 

 

 
 

Figure 21. Comparing bending test results on the horizontal 

path: a) Deformation (Uy); and b) Normal stress (σx) 

 

 
 

Figure 22. Comparing bending test results on the horizontal 

path: a) Normal stress (σy); and b) Intensity stress (σint.) 

 

 

 
 

Figure 23. Comparing bending test results on the horizontal 

path: a) Normal stress (εy); and b) Intensity stress (εint.) 

 

4.3 Impact test 

 

The purpose of the impact test is to establish the metal's 

strength, which is defined as its resistance to fracture under 

abrupt loads. This test is not appropriate for soft metals 

because it can simply and precisely see and compute this 

property. For this test, samples of a uniform standard shape are 

utilized, and one of their sides has a notch in the center of it. 

The sample's typical dimensions are depicted in the Figure 3. 

Results of testing on impact resistance are shown in Figures 

24-32. According to the results, the coated models impact 

resistance increased by (31.68%) when compared to the 

untreated counterparts. Among other results, it appears that the 

coated models intensity strain increased (31.32%) when 

compared to the uncoated models. 
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(a) 

 
(b) 

 

Figure 24. Results of impact test, deformed and unreformed 

for: a) The fifth model (M.-5); and b) The sixth model (M.-6) 

 

 
(a) 

 
(b) 

 

Figure 25. Results of impact test, deformation in direction y-

axis, for: a) The fifth model (M.-5); and b) The sixth model 

(M.-6) 

 
(a) 

 
(b) 

 

Figure 26. Results of impact test, displacement vector sum, 

for: a) The fifth model (M.-5); and b) The sixth model (M.-6) 

 

 
(a) 

 
(b) 

 

Figure 27. Results of impact test, stress in direction x-axis 

(σx), for: a) The fifth model (M.-5); and b) The sixth model 

(M.-6) 
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(a) 

 
(b) 

 

Figure 28. Results of impact test, stress in direction y-axis 

(σy), for: a) The fifth model (M.-5); and b) The sixth model 

(M.-6) 

 

 
(a) 

 
(b) 

 

Figure 29. Results of impact test, intensity stress (σint.), for: 

a) The fifth model (M.-5); and b) The sixth model (M.-6) 

 
(a) 

 
(b) 

 

Figure 30. Results of impact test, first principal stress (σ1), 

for: a) The fifth model (M.-5); and b) The sixth model (M.-6) 

 

 
(a) 

 
(b) 

 

Figure 31. Results of impact test, second principal stress 

(σ2), for: a) The fifth model (M.-5); and b) The sixth model 

(M.-6) 
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(a) 

 
(b) 

 

Figure 32. Results of impact test, intensity strain (εint.), for: 

a) The fifth model; and b) The sixth model 

 

In order to compare the deformation, stresses, and strains 

that the models experience when they are subjected to the 

identical impact load, the horizontal and vertical paths that 

were selected are shown in Figure 33. 

 

 
 

Figure 33. The selected horizontal and vertical paths for 

impact test 

 

Figures 34-37 compare the deformations, stresses, and 

strains that the models underwent in response to the impact 

load. Additionally, the degree to which these models were 

resistant to stresses on the two paths that were selected: The 

first path is horizontal (A - B), and the second path is vertical 

(C-E). 

Figure 34a compares how the (Uy) alloy steel deforms under 

the influence of an impact load before and after coating. It is 

obvious from the figure that, on the horizontal track (AB), the 

coated models deformation resistance increased by (31.23%), 

compared to the uncoated models. in particular at (E). 

Figure 34b compares the deformation (Uy) on the vertical 

path (CE), and the results reveal that the coated models are 

more resistant to deformation than the uncoated models, as 

seen by the (19.86%) increase in point (E). 

Figure 35a compares the steel alloy normal stress (σy) under 

the impact load before and after coating. The figure makes it 

evident that whereas the normal stress in the uncoated models 

was (1.06 MPa), it had a value of (1.0579 MPa) in the coated 

models. This demonstrates a very slight (0.2%) reduction in 

normal stress in the coated samples compared to the uncoated 

samples on the horizontal path (AB), notably at point (E). 

In Figure 35b, the normal stress (σy) of the steel alloy before 

and after coating, as affected by the impact load, are compared. 

The figure makes it evident that the value of the normal stress 

in uncoated models is (2.53 MPa), but it is (1.0579 MPa) in 

coated models. On the vertical path (CE), in particular at point 

(E), it can be seen that the coated samples had a very high 

(58.19%) reduction in normal stress compared to the uncoated 

samples. 

Figure 36a compares the steel alloy's stress intensity (σint.) 

under the influence of an impact load before and after coating. 

The figure clearly shows that the stress intensity in the 

uncoated models is equal to the stress intensity in coated 

models. On the horizontal path (AB), at point (E), with a value 

of (2.54 MPa). 

The stress intensity (σint.) of the identical alloy before and 

after coating as a result of the impact load is compared in 

Figure 36b. The figure demonstrates with clarity that the stress 

intensity in coated models is equivalent to that in uncoated 

models, with a value of (2.54 MPa) at point (E) on the vertical 

track (CE). 

In Figure 37a, the normal strain (εy) under impact of alloy 

steel before and after coating is contrasted. The figure clearly 

shows that the normal strain was 2.5635 in the uncoated 

models (Model-5) on the horizontal path (AB) at point (E), 

whereas it was 1.2691 mm in the coated models (Model-6). 

The normal strain (εy) of steel ingots under shock load is 

compared in Figure 37b before and after coating on the ingot. 

The figure makes it evident that the uncoated models (Models 

5) on the horizontal path (CE) at point (E) experienced normal 

strain equal to that of the uncoated models (Models 6), with a 

value of 1.3278. 

Figures 38a and 38b show the strain intensity (εint.) of alloy 

steel before and after the coating process under the influence 

of impact strength. 

 

 

 
 

Figure 34. Comparison of the deformation results (Uy):  

a) on the horizontal path; and b) on the vertical path 
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Figure 35. Results of the comparison of normal stress (σy):  

a) along the horizontal path; and b) along the vertical path 

 

 

 
 

Figure 36. Results of the intensity stress (σint.) comparison:  

a) along the horizontal path; and b) along the vertical path 

 

 

 
 

Figure 37. Comparison of the Normal strain (εy) results:  

a) on the horizontal path; and b) on the vertical path 

 

 

 
 

Figure 38. Comparison of the Intensity strain (εint.) results:  

a) on the horizontal path; and b) on the vertical path 

 

In the uncoated models (Model 5) on the horizontal path 

(AB) and the vertical path (CE) at point (E), the strain intensity 

was 16.08; however, in the coated models (Model 6), at the 

same point and on the horizontal and vertical paths, the strain 

intensity was decreased to 10.68. 

 

 

5. CONCLUSIONS 

 

Due to the deformation, strains, and stresses that the models 

are subjected to during this test, the results of the tensile 

strength examination tests for the coated and uncoated models 

show a significant improvement in the tensile strength, and 

this percentage may even exceed 30%. 

The results of the bending tests for coated and uncoated 

steel models showed that coated steel had improved resistance 

since the bending resistance of coated steel models rose under 

the impact of the bending load by (30.9%) in comparison to 

uncoated steel models. The coated models normal stress 

resistance (σy) increased by 3.1%, while the coated steel 

models normal strain resistance (εy) increased above the 

uncoated steel models by 32.67%. 
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The impact resistance of the coated models increased by 

(31.68%) in comparison to their treatment counterparts, as 

evidenced by the testing results on impact resistance. Among 

additional results, it seems that the intensity strain of the 

coated models increased (31.32%) when compared to the 

uncoated ones. 

The most significant result of this research is that 

mathematical models of models similar to those used in 

laboratories and workshops to perform various mechanical 

tests, such as tensile strength, impact resistance, bending 

resistance, twisting resistance, and other mechanical tests, can 

be created using numerical programs. In addition to defining 

the behavior of the material under the effect of various loads, 

this results in a reduction in both the time it takes to complete 

industrial and technical projects and the associated financial 

costs. 

In addition to determining how the material behaves when 

subjected to various loads. By being aware of all the 

deformations, stresses, and strains that this engineering 

material is subject to, that can improve safety in industrial 

settings as well as in industries like aviation, shipbuilding, 

construction, and others. 

 

 

6. FUTURE STUDIES 

 

The researchers suggest developing various mathematical 

models for various engineering materials, such as magnesium 

alloys used in the medical industry, composite materials, and 

aluminum alloys. They also suggest examining the effects of 

various loads on engineering materials in daily life. resisting 

impact loads, twisting loads, tensile and compression loads, 

torsion and fatigue loads, thermal loads, and other loads. 

Determine the deformations, stresses, and strains they are 

subjected to during loading by carefully examining them using 

cutting-edge engineering software, such as the ANSYS 

program. 
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NOMENCLATURE 

 

δ Deformed and unreformed 

Ux Component of the displacement (x-direction) 

Uy Component of the displacement (y-direction) 

Uz Component of the displacement (z-direction) 

σx Normal stress 

τxy Shear stress  

σint. Stress intensity 

σvon Von mises stress 

εx Normal strain (x-direction) 

εxzy Shear strain (xy-direction) 

εxz Shear strain (xz-direction) 

εfirst First principal elastic strain 

εthird Third principal elastic strain 

εintensty Elastic strain intensity 

εvon Von mises elastic strain 

 

Greek symbols 

 

E Modulus of elasticity  

ρ Density 

G Modulus of rigidity 

µ Passions ratio 

 

Subscripts 

 

SNC Surface Nano Crystallization 

Si Silicone 

Mn Manganese 

C Carbon 

Ni Nickel 

Ti Titanium 

Cr Chrome 

Fe Iron   
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