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This article reviews finite element (FE) simulations of static mechanical surface treatment (MST) 
processes for metal components. These static burnishing methods, based on severe plastic 
deformations of the surface and subsurface layers, improve the surface integrity (SI) of the respective 
components dramatically and thus their operational properties. The finite element method (FEM) is 
a basic method used for numerical investigations of MST processes. Although FEM always requires 
experimental verification and an experiment to establish an adequate material constitutive model, 
this method saves the researcher significant time and resources. In this article, a comprehensive 
analysis of the published studies devoted to FE simulations of static MST processes has been 
conducted. Based on the analysis, five basic conditions have being established in order to build an 
adequate FE model of the static burnishing process.  
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1. INTRODUCTION 

To improve the fatigue and tribological behavior as well 
as the corrosion resistance of structural components, it is 
necessary to modify the set of topographic, mechanical, 
chemical and metallurgical properties comprising the 
surface integrity (SI) of their surface layers. During the 
preparation of work-pieces, improvements in SI are 
practically impossible. On the other hand, real work-pieces 
contain many defects that cannot be ignored. Therefore, SI 
depends on technological process used in the production of 
metal structural and machine components and, to a large 
extent, the type of finishing treatment. Hence, mechanical 
surface treatment (MST) methods are particularly 
promising since they provide a lower cost/quality ratio. The 
essence of MST is the plastic deformation of the surface 
peaks created by the sliding friction or rolling contact 
between a deforming element and the surface being treated. 

The peaks of the relief are plastically deformed as the metal 
flows to the free valleys. MST methods can be either 
dynamic or static. The plastic deformation in the dynamic 
methods (shot peening, percussive burnishing and so forth) 
is produced by a short-term impact on the surface layers. 
The static methods, which are the subject of this article, 
find greater application in practice. In the static methods, a 
rotational deforming element is statically pressed against 
the surface to be treated as the deformation process is 
carried out continuously in time. The static MST methods 
that are most widely applied in practice are [1]:  

● basic – 1) ball burnishing (BB); 2) roller burnishing 
(RB); and 3) slide burnishing (SB) (Fig. 1); 

● hybrid – 1) RB that achieves rolling and sliding 
effects simultaneously; 2) BB with undefined ball motion 
(Fig. 2); 

 

 

 
 

Fig. 1. Basic burnishing methods: a. ball burnishing; b. roller burnishing; c. slide burnishing 
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Fig. 2. Hybrid burnishing methods: a. roller burnishing that achieves simultaneously rolling and sliding effects; 
 b. ball burnishing with undefined ball motion 

 
● combined – 1) laser-assisted burnishing; 2) ultrasonic 

burnishing; 3) cryogenic burnishing. 
The quantitative characteristics of the parameters of the 

static MST methods define the corresponding burnishing 
processes. The latter may be classified according to the 
required operational properties of the treated surfaces, as 
follows: 

1) Smoothing burnishing, which, depending on the type 
of tangential contact, may consist of roller or diamond 
burnishing. is one of the main processes According to the 
multinational company Ecoroll [2], RB, which usually 
involves tools containing multiple rollers, is one of the 
main processes for the practical realization of smoothing. 

2) Deep burnishing, which depending on the type of 
contact may consist of deep rolling (DR) (name adopted by 
Ecoroll) or deep SB. The DR process is carried out by a 
deforming sphere subjected to hydrostatic pressure or by a 
cylindrical or profile roller (usually with a toroidal working 
surface). The low plasticity burnishing (LPB) process [3, 4] 
is a special case of DR. The purpose of LPB is to minimize 
the effect of the relaxation of the created residual 
compressive stresses in the processed surface under a 
thermal overload. Thus, LPB is used for specific 
applications - most commonly for the treatment of gas 
turbine blades. 

Studies related to static burnishing processes are 
focused in three main areas: 

a) Influence of the parameters of the respective process 
on SI; 

b) Investigation of the exploitation properties of the 
treated surfaces; 

c) Investigation of the physical nature of the respective 
process. 

The studies on smoothing burnishing processes are 
focused mainly on the final roughness and geometric 
accuracy. The objective in the study of deep burnishing 
processes is to investigate the final residual stress 
distribution and micro-hardness as they determine to a 
significant extent the exploitation behavior of the treated 
surfaces. The literature review shows that the basic 
approach to investigating static burnishing processes is the 
experimental approach [5-10]. This approach is undisputed 
when exploitation properties are being explored – fatigue 
behavior, wear resistance, crack resistance, corrosion 
resistance and more. On the other hand, the experimental 

approach is expensive and time consuming. When the 
subject of a study is the characteristics of SI, an alternative 
to the experimental approach is numerical simulation via 
the finite element method (FEM). FE simulations are a 
powerful tool for thoroughly studying the stressed and 
strained state in the surface and subsurface layers 
(including the useful residual stresses introduced through 
burnishing). Although the aspiration of each researcher is to 
develop an FE model to predict the most reliable results, 
different strategies have been applied to build an FE model 
of a static burnishing process. On the other hand, the FE 
model can predict not only the formation of some SI 
characteristics (for instance, residual stresses), but also to 
predict certain aspects of the operating behavior of the 
surface treated (for instance, residual stress relaxation 
caused by temperature, overloading or cyclic loading). 

The purpose of this article is to systematically review 
the existing strategies for creating FE models of static 
burnishing processes and, on this basis, summarize the 
conditions for building an adequate FE model in correlation 
with the predicted characteristics of the respective 
burnishing process. 

2. LITERARY SURVEY OF FE SIMULATIONS OF 
BURNISHING PROCESSES 

Ever since the 1920s, research in static burnishing 
methods has been based on experimental investigations. 
With the development of FEM and computational 
techniques, аt the end of the 20th century FE simulations of 
the burnishing processes [11-80] became an alternative to 
the experimental approach. One of the first studies on ball 
burnishing using an FE simulation was conducted by 
Skalski et al. [72]. In the following years, FEM established 
itself as an effective tool for studying burnishing processes. 
The research groups contributing FE simulations of 
burnishing processes include: RWTH Aachen University, 
Germany [13, 36, 65, 76]; Universite de Savoie, France [14, 
15]; IMT, Szszecin, Poland [28-30]; Nanyang 
Technological University, Singapore [40, 41]; Saarland 
University, Saarbruecken, Germany [45, 46]; Bu-Ali Sina 
University, Iran [47, 48]; The Ohio State University, USA 
[69, 70, 78]; Air Vehicles Division, Melbourne, Australia 
[80] and the Technical University of Gabrovo, Bulgaria 
[53-56]. Some numerical studies by other researchers have 
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also been reported worldwide [11, 12, 16-27, 31-35, 37-39, 
42-44, 49-52, 57-64, 66-68, 71, 73-75, 77, 79].  

The general characteristics of the developed FE models 
are depicted in Table 1. Figure 3 shows that many more 
publications are devoted to the static burnishing methods 
incorporating rolling contact in comparison with SB. In 
terms of the rolling contact, the greatest attention is paid to 
the DR process (Fig. 4), followed by BB and RB. Figure 5 
indicates that more than half of the studies are devoted to 
steel processing. When considering the group of non-
ferrous materials, the greatest attention is paid to titanium 
alloys, followed by aluminum alloys. More than half of the 
FE models are three-dimensional (3D) (Fig. 6), which can 
be explained by the 3D nature of the static burnishing 
methods. Nevertheless, about one-third of the FE models 
are two-dimensional (2D) since the use of a 2D model 
shortens procedures, thus saving time. In a relatively small 
number (14.3%) of the publications, both types 2D and 3D 
FE models were used to compare the FE results obtained. 
While there is complete consensus about the behavior of the 
workpiece material, researchers have different viewpoints 
in terms of modeling the deforming element (Fig. 7). In just 
over half of the studies, the deforming element was 
modeled as a deformable solid. In 42.9% of the 
publications, an undeformable deforming element was 
preferred. In isolated cases, a deformable shell, as well as 
the replacement of the deforming element with additional 
boundary conditions on the workpiece, was preferred. In 
two-thirds of the studies (Fig. 8), the surface treated in 3D 
FE models was a plane facilitating the modeling of the 
kinematics. An outer cylindrical surface was a subject of 
28.8% of the studies, while only 5.8% of the studies were 
dedicated to cylindrical openings. Figure 9 shows the 
relative weight of the models of the deforming element 
motion with respect to the static workpiece. The most 
commonly used models are F.2 and F.4 (see Table 1). It is 
noteworthy that, in a substantial number of studies, this 
important component of the FE model is not clear. It should 
be noted that F.1, F.2, F.3 and F.6 refer to simplified FE 
models. In almost two-thirds of the studies, the initial 
roughness (before burnishing) is not included in the FE 
model (Fig. 10). However, neglecting the initial roughness 
will not give good FE results for the surface layer. The vast 
majority of FE models are also temperature independent 
(Fig. 11). Figure 3 providess an explanation of this fact – 
modeling is being done of burnishing methods with rolling 
contact, in which the heat generated by friction is 
negligible. In more than half of the publications, the subject 

of study is residual stress distribution in the workpiece, 
introduced via the relevant process (Fig. 12). The 
explanation for this choice of subject is that reliable 
experimental determination of the residual stresses (for 
instance, via the X-ray diffraction technique) is time 
consuming and expensive; therefore, FEM is a preferred 
alternative. It makes an impression that a relatively large 
proportion of FE studies are devoted to the final roughness, 
although the experimental determination of roughness is not 
a problem. On the other hand, FE studies are also devoted 
to the determination of quantities that are very difficult to 
measure experimentally – for instance, the heat generated in 
the contact field in slide burnishing. The most commonly 
used software is ABAQUS, followed by ANSYS and 
Deform 2D (Fig. 13). 

The characteristics of the material constitutive models 
in FE models are shown in Table 2. The constitutive model 
of the processed material is a very important component of 
the FE model. In 72.9% of the studies (Fig.14), the 
constitutive model was obtained on the basis of a one-
dimensional (1D) test of the bulk material. Although the 
burnishing process affects the surface layers, the 
indentation test was used in only 8.6% of the studies. It is 
noteworthy that in almost one-fifth of the cases, the authors 
do not provide information on this very important issue. 
Figure 15 shows the types of 1D tests, providing 
information on building a constitutive model. The tensile 
test is the most popular. In more than one-third of the 
publications, this issue has not received even a comment. 
Most often (Fig. 16), the constitutive model is temperature 
and rate independent. It should be noted that the relatively 
high percentage of temperature-dependent models is due to 
the Johnson-Cook model, which does not mean that a 
thermal-mechanical FE analysis has been performed. 
Although the loading of the surface layers in the burnishing 
processes is cyclical, in almost half of the studies, isotropic 
strain hardening is used (Fig.17). In nearly one-third of the 
publications, this issue is not discussed by the authors, 
regardless of its importance, i.e., no mention has been made 
of the variation in the yield surface in the stress space, 
which is reflected in the residual stress distribution. Figure 
18 shows how isotropic strain hardening of the bulk 
material is defined. Most often the Johnson-Cook model 
was used, followed by stress-strain data from the 
multilinear curve. A constant rate of expansion of the yield 
surface (bilinear curve) in the stress space was defined in 
12.9% of the studies. 

Table 1 General characteristics of the FE models used 
Characteristic Variants Reference 

A.1. Low plasticity burnishing [11, 17, 27, 32, 39, 57, 80] 
A.2.Deep rolling [12, 13, 16, 24, 26, 33, 40-42, 45-48, 50-

52, 58, 61, 64, 65, 76, 77]  
A.3. Roller burnishing [14, 22, 25, 31, 36, 37, 49, 59, 60, 68-70]  
A.4. Ball burnishing [15, 18, 19-21, 23, 28-30, 44, 63, 66, 71- 

74, 78, 79]  
A.5. Slide burnishing [34, 38, 53-56, 62, 67] 
A.6. Cryogenic burnishing [35]  
A.7. Ultrasonic surface rolling process [43]  

A. Modeled process 

A.8. Ultrasonic assisted slide burnishing [75] 
B.1. High-strength aluminium alloys [11, 16, 22, 32, 35, 44, 48, 62, 75]  
B.2. Titanium alloys   
         B.2.1. Ti-6Al-4V [17, 34, 36, 40-42, 50-52, 57, 63] 
         B.2.2Ti-6Al-7Nb [71]  

B. Processed material  

B.3. Magnesium alloy (AZ31B) [77] 
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B.4. Aluminium [25, 49, 68] 
B.5. Nickel-titanium alloy (SE508) [27] 
B.6. Brass (C38500) [58] 
B.7. Biomaterial (MgCa0.8) [66] 
B.8. Cast iron [12, 21, 26] 
B.9. Steels  
B.9.1. Inconel 718 [39, 80] 
B.9.2. Bearing steel (AISI 52100) [31, 65, 69, 70, 78] 
B.9.3. Rail steel (R260; 76 steel) [54] 
B.9.4. Medium carbon steel [18-20, 23, 37, 60, 64, 67, 72] 
B.9.5. Low alloy steel [24, 28-30, 33, 38, 43, 45, 46, 53, 55, 56, 

61] 
B.9.6. Low carbon steel [14, 15, 25] 
B.9.7. Micro alloy steel [73] 
B.9.8. Nickel-chromium steel [47] 
B.9.9. Tool steel (AISI D3) [74] 
C.1. 2D [16, 18, 19, 22, 24, 25, 31, 34, 35, 37, 38, 

44, 49, 56, 58, 62, 64, 66, 72-74]  
C.2. 3D [11-15, 20, 23, 26-30, 32, 33, 36, 39, 40-

43, 45-48, 50-53, 55, 57, 60, 61, 63, 67, 
75-77, 79, 80] 

C.3. 2D+3D [17, 21, 54, 59, 65, 68-71, 78] 

C. Dimension of the FE model 

  
D.1. Rigid (Analytical rigid; Discrete rigid) [12, 15-17, 26, 27, 31, 33, 38, 39, 42, 46, 

48, 50, 54-56, 58, 61, 62, 65, 66, 69, 71, 
72, 77, 78,  

D.2. Deformable solid [11, 14, 18, 19, 20, 21, 23, 24, 28-30, 32, 
34, 35, 37, 40, 41, 43-45, 51-53, 57, 59, 
60, 64, 67, 68, 74, 75, 76, 80 

D.3. Deformable shell [63]  

D. Deforming element model 

D.4. Without deforming element [22, 25] 
E.1. Outer cylindrical [14, 19, 20, 21, 26, 48, 56, 59, 60, 61, 63, 

67, 68, 71, 76]  
E.2. Inner cylindrical (hole) [53, 54, 55]  E. Processed surface in 3D 

models E.3. Plane [11-13, 15, 17, 18, 23, 27, 28-30, 32, 33, 
36, 39, 40-43, 45-47, 50-52, 57, 65, 69, 
70, 75, 77-80] 

F.1 Normal loading – unloading (one cycle) [20, 21, 28, 37, 59, 72]  
F.2. Normal loading – unloading – moving 
with magnitude equal to feed rate (type of 
“Rötger”) 

[16, 18, 34, 36, 54, 58, 62-67, 69-71, 73, 
78]  

F.3. 2D pure rolling (in a straight line) [17, 24, 31, 35, 74]  
F.4. 3D pure rolling (on a plane)  [12, 15, 17, 23, 26, 27, 29, 30, 32, 33, 40, 

41, 42*, 43, 45, 50-52, 57, 77, 80] 
F.5. 3D pure rolling (on a cylindrical surface 
– circumferential direction) 

[14, 48, 60, 61, 76]  

F.6. 2D sliding (in a straight line) [38, 56**] 
F.7. 3D sliding (on a plane) [11***] 
F.8. 3D sliding (on a cylindrical surface – 
circumferential direction) 

[53, 54, 55]  

F.9. No tool defined [22, 49]  

F. Movement of the tool relative 
to the workpiece 

F.10. It is not clear [25, 39, 44, 46, 47, 68, 75, 79]  
G. 1. Yes [14, 15, 18, 19, 23, 25, 29, 30, 37, 39, 44, 

49, 53-56, 60, 62, 64-67, 69, 70, 73, 74, 
78]  

G.2. No [11, 12, 16, 17, 20-22, 24, 26-28, 31-36, 
38, 40-43, 45-48, 50-52, 57-59, 61, 63, 
68, 71, 75-77, 79, 80] 

G. Modeling of the initial 
roughness 

G.3. It is not clear [72]  
H.1. Temperature-independent [11-22, 24-31, 33, 34, 36-52, 54-80] 
H.2. Thermal-mechanical [32, 35]  H. Type of the FE analysis 
H.3. Fully coupled thermal-stress [23, 53] 

I. Investigated feature of the I.1. Displacements [12, 28, 37, 38, 40, 59, 72, 73]  
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I.2. Roughness [14, 18-20, 22, 25, 44, 49, 56, 62, 69, 70, 
74, 78]  

I.3. Accuracy of the form [14, 15] 
I.4. Strains [16, 17, 26-28, 31, 37-39, 56, 57, 79] 
I.5. Equivalent plastic strain [12, 15, 31, 43, 59, 60, 71, 77]  
I.6. Equivalent stress [59, 68]  
I.7. Residual stresses [11-13, 16-21, 23-27, 29-34, 36-43, 45-

58, 61, 63-67, 69-71, 74-78, 80] 
I.8. Residual stress relaxation [17] 
I.9. Hardness [77] 
I.10. Temperature [35, 53] 

surface or process 

I.1.1. Burnishing force [35, 42] 
J.1. ABAQUS  
J.1.1. Explicit solver [26, 27, 33, 42, 43, 45, 46, 48, 50-52, 57, 

66, 75, 76]   
J.1.2. Implicit solver [12, 14, 15, 36, 40, 41, 53-56, 71, 80]  
J.1.3. Not mentioned [21, 24, 31, 32, 58]  
J.2. Marc [17, 23, 39]  
J.3. Zebulon [18, 19]  
J.4. ANSYS [22, 25, 37, 38, 44, 49, 59, 64, 67, 68, 73, 

77, 79] 
J.5. NASTRAN [28, 29, 30]  
J.6. Deform 2D [34, 35, 65, 69, 70, 74, 78]  
J.7. Authorial software [60]  

J. Software used 

J. Not mentioned [11, 16, 20, 47, 61, 62, 63, 72]  
*Rotating the tool around two mutually perpendicular axes. 
**The tool performs plane motion - superposition of translation and rotation. 
***It is not explained in the text whether it's rolling or sliding. Given the shape of the deforming element in Fig. 2, however, it 
is obviously a sliding. 

 

 
 

Fig. 3. Percentage share of the sliding friction and rolling contact 
Fig. 4. Percentage share of the modeled processes  

with rolling contact 

  

Fig. 5. Percentage share of the treated material Fig. 6. Percentage share of 2D and 3D FE models 
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Fig. 7. Percentage share of the strategies for modeling of the 
deforming element 

Fig. 8. Percentage share of the surfaces being treated in the FE 
models 

  

Fig. 9. Percentage share of the strategies for modeling of the motion 
in tool-workpiece system 

Fig. 10. Percentage share of the FE models according to “initial 
roughness” criterion 

  

Fig. 11. Percentage share of the FE models depending on the 
temperature factor 

Fig. 12. Percentage share of the studied SI components 

  

Fig. 13. Percentage share of the software used 
Fig. 14. Percentage share of the methods for obtaining constitutive 

model 
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Fig. 15. Percentage share of the types of one-dimensional test Fig. 16. Percentage share of the types of constitutive models 

 
 

Fig. 17. Percentage share of the type of strain hardening in the used 
constitutive models 

Fig. 18. Percentage share of the methods to define isotropic 
hardening 

 
Table 2 Characteristics of the constitutive model 
Characteristic Variants Reference 

А.1. Indentation test [38, 53, 55, 56, 69, 70] 
A.2. One-dimentional test of the bulk 
material 

 

A.2.1. Tensile test [11, 18-21, 23, 24, 26, 28, 29, 34, 37, 41, 
45, 54, 58, 64, 65, 67, 77, 78]  

A.2.2. Compressive test [12, 14, 15, 26, 40]  
A.2.3. Cyclic curve (tension-compression) [16, 33, 43, 48, 61, 76, 80] 
A.2.4. Not mentioned [27, 31, 32, 35, 36, 39, 42, 46, 47, 50-52, 

57, 63, 66, 71, 74, 75] 

А. Obtained on the basis of: 

A.3. It is not clear (The authors do not 
comment) 

[17, 22, 25, 30, 44, 49, 59, 60, 62, 68, 72, 
73, 79]  

B.1. Rate independent [11-16, 18, 19, 21, 24, 26-29, 31, 33, 34, 
36-38, 40, 41, 43, 45, 46, 48, 53-56, 58, 
61, 64, 67, 69-71, 76, 80]  

B.2. Temperature independent [11-16, 18-21, 24, 26-29, 31, 33, 34, 36-
38, 40, 41, 43, 45, 46, 48, 56, 58, 61, 64, 
67, 69-71, 76, 77, 80]   

B.3. Rate dependent [20, 23, 32, 35, 39, 42, 47, 50-52, 57, 63, 
65, 66, 74, 78]  

B.4. Temperature dependent [23, 32, 35, 39, 42, 47, 50-53, 55, 57, 63, 
66, 74, 75, 77]  

B. Type of the constitutive model 

B.5. It is not clear (The authors do not 
comment) 

[17, 22, 25, 30, 44, 49, 59, 60, 62, 68, 72, 
73, 75, 79]  

C.1. Isotropic  
C.1.1. Bilinear curve [11, 37, 64, 67]  
C.1.2. Stress-strain data [14, 15, 18-20, 23, 26, 33, 38, 58, 65, 78]  

C. Strain hardening 

C.1.3. Johnson-Cook [32, 35, 39, 42, 47, 50-52, 57, 63, 66, 74, 
75, 77]  
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C.1.4. Not mentioned [71] 
C.2. Nonlinear kinematic/isotropic [31*, 36, 43, 48, 53-56, 61, 76, 80] 
C.3. Linear kinematic [45, 46] 
C.4. Nonlinear kinematic [12, 16, 54] 
C.5. Linear perfectly-plastic behaviour [24] 
C.6. It is not clear (The authors do not 
comment) 

[17, 21, 22, 25, 27-30, 34, 40, 41, 44, 49, 
59, 60, 62, 68-70, 72, 73, 79]  

*The author claims that nonlinear isotropic hardening was used, but Eq. (3) shows the back stress tensor, i.e. nonlinear 
kinematic component. 

 
3. CONDITIONS FOR AN ADEQUATE FE MODEL 

Based on Tables 1 and 2, the following generalization 
can be made. To build an adequate FE model of the static 
burnishing process, five basic conditions are necessary: 

(1) Realistic geometries of the workpiece-modeled 
portion and the deforming element; 

(2) An adequate constitutive model of the surface and 
the subsurface layers, where the model should be 
established in a manner that corresponds to the actual 
loading of these layers; 

(3) A realistic interaction between the deforming 
element and the workpiece-modeled portion; 

(4) Adequate boundary conditions, both geometrical and 
physical; 

(5) An appropriate creation of the FE mesh. 
 

3.1. Geometry of the deforming element – workpiece 
system 

Our experience with the experimental determination of 
the residual stresses introduced by burnishing has shown 
that these stresses remain practically constant when the 
overall dimensions of the specimen are reduced via material 
removal. Hence the overall dimensions of the workpiece-
modeled portion can be on the order of . The 
modeling of the initial roughness is a mandatory condition 
for producing a realistic geometry, since the burnished 
surface layer is characterized by severe equivalent plastic 
deformation. However, the micro-profile of the roughness 
has a stochastic character, while the FEM generally requires 
a determined geometry of the field of integration. A known 
solution [67] is to scan the roughness micro-profile of a 
machined specimen and enter the information into the FE 
software used. A compromise can be reached by modeling 
the initial kinematic roughness based on the feed rate (in 
the turning process) and the roughness height . 

Replacing the deforming element with assigned boundary 
conditions (geometrical and physical) in the contact area of 
the workpiece-modeled portion is not a good idea because 
the FE model becomes over-simplifies. Modeling the exact 
geometry of the deforming element is an important 
condition for assigning adequate interactions to the tool-
workpiece system. 

mm75 

zR

 
3.2. Material constitutive model of the workpiece-
modeled portion 

Of the above five prerequisites for obtaining a reliable 
FE model, the most responsive and labor-intensive one 
concerns the material constitutive model. The surface layer 
of the workpiece is what the burnishing process acts upon. 
Normally, the behavior of this surface layer differs 
considerably from that of the bulk material due to the 
presence of large plastic strains and specific micro-profiles, 
as well as other effects due to the workpiece production. 
Due to this difference, conventional testing methods for 

stress–strain curve determination using a 1D (compressive, 
tensile or cyclic) test can be applied readily to the bulk 
material but not to the surface layer, as they are not suitable 
for the surface layer. The dependence between the stress 
and strain tensors in the plastic field of the surface layer 
must be determined in correspondence to the actual loading 
of this layer. It is appropriate to use an instrumented 
indentation test together with an FE inverse analysis, as 
doing so will allow the acquisition of the local load–
deformation responses at the surface. For some materials, it 
is advisable that the indentation test be conducted under the 
conditions of a stabilized cycle [81]. SB has a thermo-
mechanical nature. Therefore, the constitutive model of the 
surface layers should be temperature dependent when an 
SB process is modeled. In other words, the indentation test 
should be conducted under different temperatures [53]. The 
burnishing process causes cyclic loading in the vicinity of a 
point from the surface layer of the workpiece. The cyclic 
external load causes the structure of the material to change 
on a micro-level, which is reflected in the alteration of the 
material’s behaviour in terms of strain hardening. 
Therefore, the strain hardening should contain a kinematic 
component. A nonlinear kinematic hardening component 
describes the translation of the yield surface in the stress 
space through the back-stress tensor, while an isotropic 
hardening component describes the change in the 
equivalent stress defining the size of the yield surface as a 
function of the plastic deformation. In other words, the 
kinematic hardening component predicts the plastic 
shakedown after one cycle, while the material plastic 
behavior after several cycles is predicted by combined 
hardening (the isotropic component combined with the 
nonlinear kinematic component). However, in [81], it was 
shown that, for some steels, the criterion for achieving a 
stabilized cycle of surface being burnished is the number of 
passes, but no cyclic loading coefficient, i.e., no cyclic 
hardening occurs when burnishing is conducted in one pass.  
This means that if burnishing process with one pass is 
simulated, just a nonlinear kinematic hardening component 
may be sufficient. Hence, it is necessary that the adequacy 
of the constitutive model be proven by comparing the FE 
results (residual stresses) with the experimental ones (for 
example, via the X-ray diffraction technique). 

 
3.3. Interactions between the deforming element and the 
workpiece-modeled portion 

The contact between the deforming element and the 
surface being burnished is both mechanical and thermal 
(heat generation). The mechanical contact is normal 
(allowing separation after contact) and tangential with the 
defined friction coefficient. Due to the thermal-mechanical 
nature of the SB process, the reliable determination of this 
coefficient is of great importance for the accuracy of the FE 
results obtained. As established in [82], the friction 
coefficient in the SB process depends strongly on the 
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process parameters. In contrast, the burnishing methods 
using rolling contact are significantly less affected by the 
friction. The assignment of an adequate thermal contact 
(heat generation) is of much greater importance to SB than 
to burnishing with rolling contact. 

 
3.4. Boundary conditions 

The boundary conditions are geometrical and physical 
(mechanical and thermal), as the thermal component is of 
no practical significance in burnishing with rolling contact. 
Usually the burnishing of rotational surfaces is 
accomplished by the workpiece rotating about a fixed axis, 
with the deforming element performing the translation (or 
superposition of translation and rotation) in order to ensure 
the continuity of the deformation process. In the FE 
simulations, the inversion method is used, i.e., a reverse 
angular velocity is applied to the tool-workpiece system. As 
a result, the workpiece becomes stationary and the 
deforming element receives an additional angular velocity. 
Therefore, the boundary conditions of the workpiece-
modeled portion must perform an appropriate fixation (as 
an ideal rigid body), and the impact of the removal of part 
of the workpiece must be taken into account (for instance, 
by assigning an elastic foundation). The boundary 
conditions for the deforming element must provide the 
necessary relative movement towards the workpiece-
modeled portion in order to ensure: 1) a defined contact 
between the deforming element and the surface being 
burnished; 2) the magnitudes of the process parameters, i.e., 
burnishing force, feed rate and burnishing velocity. The 
thermal boundary conditions must provide for adequate 
heat generation due to friction and plastic deformation, as 
well an adequate heat transfer.  

 
3.5. FE mesh 

Since the burnishing creates a very high gradient of the 
strains in the normal direction (with respect to the surface 
layer), a very fine mesh near the surface should be used. It 
should be noted that the sizes of the FEs on the surface 
must be consistent with the correct description of the initial 
roughness. Since the material at depth remains unaffected, 
the FE mesh in the direction of the core should be coarser.  

4. CONCLUSIONS AND PERSPECTIVES 

Based on the review the following conclusions can be 
made: 

 With the development of FEM and computational 
techniques, FE simulations of the static MST processes 
have become an alternative and natural addition to the 
experimental approach. The development of FEM is in 
direct correlation with the development of high-speed 
computers. Looking forward, the modeling the entire 
burnishing process (including the object geometry, number 
of passes and so on) will become a reality. 

 To build an adequate FE model of the static 
burnishing process, five basic conditions are necessary: 
realistic geometries of the workpiece-modeled portion and 
the deforming element; аn adequate constitutive model of 
the surface and the subsurface layers, where the model 
should be established in a manner that corresponds to the 
actual loading of these layers; а realistic interaction 
between the deforming element and the workpiece-modeled 
portion; аdequate boundary conditions both geometrical 
and physical; and аn appropriately created the FE mesh. 

 The constitutive model of the surface and subsurface 
layers is critical to producing an adequate FE model. It is 
important to note that the constitutive model is valid for the 
particular material on which the corresponding test has 
been carried out. The surface layer of the workpiece is what 
the burnishing process acts upon. The dependence between 
the stress and strain tensors in the plastic field of the surface 
layer and subsurface layers must be determined in 
correspondence to the actual loading of the surface layer. It 
is appropriate to use an instrumented indentation test 
together with an FE inverse analysis, as doing so will allow 
the acquisition of the local load–deformation responses at 
the surface. In static MST processes, the elementary 
volume in the vicinity of each point (that contacts the 
deforming element) on the treated surface is subjected to 
cyclic loading, which provokes deformation anisotropy, 
i.e., the yield surface is expanded and moved irregularly 
into the space of the stresses. Therefore, the strain 
hardening should contain a nonlinear kinematic component. 
However, it is necessary to validate the constitutive model 
by comparing the FE results with the experimental results.  
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