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ABSTRACT: Fretting fatigue is a degrading process which is responsible for considerable amount of mechanical structure failure 

every year. In the present study, a finite element model is proposed to show the effect of a bending moment on a flat surface under 

fretting loading. The results show that the bending moment has a major effect on the friction stress distribution on the surface of the 

two solids under contact. Finite element analysis predicts an increased damage effect on the surface of solids when a load is applied 

as a pure moment. The results predict elevation in the relative slip between the surfaces after applying the bending moment . 

 

KEYWORDS: Finite element, Fretting 

 

Nomenclature 

𝑎 Contact area half 

length(m) 

𝑃𝑟 Pressure on sides of flat (Pa) 

𝑟 Radius of cylinder (m) 𝑡 Flat thickness (m) 

                    F Normal force (N) 𝑏 Flat width (m) 

                    P Pressure (Pa)   

𝑃0 Maximum pressure in 

hertz formula (Pa) 

𝛿 Relative slip of surfaces. (m) 

𝐸 Elastic modulus (GPa) 𝜏 Contact shear stress (MPa) 

𝜈 Poison’s ratio   

𝑀 Moment (N.m)   

 

1. INTRODUCTION 

Fatigue is a process which involves degradation of material and energy dissipation [1]. Fatigue process has three main stages. In the 

first stage, stress and strain field inside material results in initiation of crack which is followed by second stage of forming macro 

crack. These macro cracks finally propagates and fracture happens [1-6].  

 Fretting is generally described as a small oscillation of two solids which are in contact. When two solids have contact on 

the surface, the reaction between them is a distribution of stress in form of traction and normal pressure. The distribution of 

mechanical stress in contact region depends on the geometry of the bodies and the mechanical properties of the utilized material [7, 

8] . Due to the multi-scale and multi-physics nature of the contact mechanism, it is still a growing field of research. Hertz [9] 

proposed the first relation for the pressure distribution of contact zone. The potential of Hertz formula was further shown in the 

contact problems in railways, gears and bearing industries. With the advent of powerful computation tools, contact problem became 

again the topic of studies. Finite element also has been an efficient approach for analysis of contact problems. Finite element 

approach has been widely used in fretting and wear [10, 11]. Finite element approach has shown it efficiency in composite also [12-

15]. 

Fretting has the nature of dissipation and degradation which means that during fretting entropy is generated. The generation of 

entropy during fatigue can be attributed to the crack propagation also[16]. However, in the finite element analysis, the stress-strain 

approach is the only method which can predict the location of crack initiation on the contact region.  

In a number of studies, fretting fatigue has been investigated as a cylinder on flat where the normal stress is applied on the flat. This 

is supposed to be a prevalent case when two sliding bodies have contact. However, the presence of a pure moment on the flat can 

critically change the stress distribution which can alter the location of crack nucleation sight and subsequently the fatigue life of the 
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specimen. The present study uses an ABAQUS code to analyze the contact stress between a half cylinder and a flat surface. The 

two bodies are assumed to react elastically as the results of stress and have the same material properties.[1, 17] 

Fig. 1 shows the schematic of a sample under fretting fatigue. As it is shown the pads are pushed on the surface of specimen and 

the flat is under tension-compression load. The specific locations under the pads are the candidates for crack initiation and the final 

failure happens due to the propagated crack.  

                           
Figure 1. The schematic of fretting fatigue on a flat specimen. 

 

2. THEORY AND FORMULATION 

The schematic of the contact problem is shown in Fig. 2. As it is illustrated, normal force is applied on the top surface of the half 

cylinder and the oscillation takes place in the same plane in horizontal direction. The length of contact region is shown by 2𝑎 and 

cylinder has radius of r. The normal force is given as F. Using the Hertz formula, one can predict pressure distribution and maximum 

pressure between the surfaces as the following. 

𝑃(𝑥) = 𝑃0 {1 − (
𝑥

𝑎
)

2

}
1 2⁄

 

 

(1) 

𝑃0 = (
𝑃𝐸

2𝜋(1 − 𝜈2)𝑟
)

1 2⁄

 
(2) 

 

                
Figure 2. Schematic of fretting contact. 
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P denotes the pressure distribution and 𝑃0 is the maximum of pressure distribution which happens in the center of contact area. 𝐸 is 

the elastic modulus and Poison’s ratio is given as 𝜈.  

 

                       
Figure 3. Schematic of fretting contact. 

 

Depending on the amount of horizontal load, there will be two different type of fretting. In low horizontal loads, the two surfaces 

stick together in the central region(𝑐 ≤ |𝑥| ≤ 𝑏) of contact as shown in Fig. 3. At the two ends of contact region (|𝑥| ≤ 𝑐), the 

surfaces slightly slide on each other. This type of fretting is called partial slip. Once the horizontal load increases, the central stick 

region becomes smaller and if the friction force is not enough to make the surfaces stick together, the two surfaces slide on each 

other. This is called gross slip. The friction force distribution is found according to the relations given in Fig. 3. This is seen that the 

profile of friction force on the flat has a discontinuity at the boundary of stick/partial slip zone at x =∓ c. This point is the most 

probable location for accumulation of vacancies and initiation of crack. This means that the value of stress at these point determine 

fatigue life of components under fretting loading.  

2.1.   Numerical approach 

 The procedure of solving contact problem is carried out by a FEA model in ABAQUS commercial software. The contact problem 

is solved by considering two bodies of master and slave surfaces. In the present analysis, the flat is considered the master surface 

and the cylinder is the slave (Fig. 4). To make sure that results are reliable, a process of mesh refining is done and the convergence 

of the results are evaluated. The friction coefficient is assumed to be 0.5 and fine mesh is used for the contact region. To decrease 

the computation time, the area which is not in contact is meshed with course elements.  
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Figure 4. Application of moment using surface pressure on the flat. 

 

3. RESULTS AND DISCUSSION 

To validate the present finite element analysis, the results of the simulation is compared with [18] for fretting without moment.  

Precise and complete finite element modeling of an engineering problem has proved to influence the accuracy of its solution [11, 

19-24]. The finite element model is executed in three steps. In the first step, the normal load is applied on the center of cylinder. 

The boundary condition considered in the first step is no displacement on the horizontal and vertical direction of nodes on the sides 

and bottom of the flat. To avoid movement rotation of the cylinder during first step, a constraint is applied on the center point where 

load is acting on cylinder. A Multi-Point Constraint scheme is used to restrict rotational movement of all the nodes on top of the 

cylinder to the rotation of center point. In the second step, the shear force is applied on the central point on top of the cylinder. No-

rotation constraint is kept active for the load point in the second step. The boundary condition of no displacement is implemented 

on the right and left sides of the flat surface. In the third step, the boundary condition of no displacement is deactivated for the side 

surfaces of the flat. In order to apply the moment on the flat, two couple pressure is loaded on the sides of the flat. Because the value 

of the linear pressure is equal on the both sides, the net force is zero and the only effect of pressure on the side surfaces is the 

moment. The value of this moment is found by the following relation. 

𝑀 = 𝑃𝑟(𝑡/2)2 (3) 

 where Pr is the pressure on the sides and t is the is the thickness of the flat. The element shape for mesh type is Quad-dominated 

mesh. Structured mesh is used for the area around the contact region and the free mesh type is used for the area away from the 

contact region. Explicit linear element is applied on both cylinder and flat. The plain-strain condition is considered for the both 

bodies.  

Mechanical properties of the flat and cylinder is given in the following table 1. 

 

Table.1  

𝐸 𝐹 Q 𝑅 𝜈 𝑡 𝑏 

72.1  GPa 150  N 50 N 20  mm 0.33 10  mm 40  mm 

 

The comparison of the results is shown in Fig. 5. The results are at the end of step 1 when the normal load is applied (Fig.5. b), 

when horizontal displacement is acting on the cylinder in the right direction (Fig. 5. c) and when the horizontal displacement is 

acting to the left direction (Fig. 5. a).  

Pr=-100 

Pr=+100 

Pr=-100 

Pr=+100 
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Figure. 5. Comparison of the present study and Talemi [18] for the case of fretting without moment on flat. 

 

The comparison of the present model and the reference [18] are in good agreement. 

The normal stress distribution in contact area is illustrated in the following figure. This is seen that application of moment on the 

flat has negligible effect on the pressure.  

                                           
Figure. 6. Normal stress distribution comparison between the case without moment and case with the moment on the flat. 

 

This result is due to the fact that normal stress distribution is mainly dependent on the value of the normal load appling on the 

contact surfaces. By bnforcing a moment on the flat and keeping the normal load constant, there would be not considerable change 

in the normal pressure distribution as it is seen in Fig. 6. 

Fig. 7 shows the variation of shear stress in the contact region in three cases of +M moment, -M moment and no moment condition. 

This is seen that the moment changes the value of shear stress drastically. As it is shown in the figure, positive moment makes the 

stick region smaller and elevates the absolute value of shear stress on the right end of the stick zone. In the left side of stick zone, 
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the maximum value of the shear stress is lowered by the momen. This result shows that that the fatigue life is highly affected by the 

application of moment on the flat. This is due to the fact that the generally, crack initiation location is in the point where shear stress 

is maximum [25] in the contact region where is at the two ends of stick zone. When the flat surface experience no moment, both 

ends of the stick zone are suseptible for crack initiation with the same probability since the value of maximum shear stress is the 

same at the two sides of stick region. However, with the moment on the sides of flat, the maximum value of shear stress changes 

considerably. For the present loading condition, maximum shear stress increases around %110 for moment +M compared to no 

moment case. For the moment –M, shear stress distribution is shown in the Fig. 7. This is seen that the maximum shear stress 

happpens in the left side of the stick zone. This is also found from the figure that shear stress which is applied by the shear load on 

the top of cylender is less than shear stress effect by the moment. This is the reason that the value of the shear stress is negative in 

a small region in the right side of contact zone for case -M and left side of contact zone for case with moment +M.  

 

                                 
Figure.7. Shear stress distribution comparison between the case without moment and case with the moment on the flat. 

 

As it was mentioned earlier, once shear load is applied on the cylender, if the value of shear load is small, stick zone is formed in 

the middle of contact region. The slip of the two surfaces in the stick region is zero. This stick zone is souraounder by an area where 

the two surfaces slide on each other and there will be a gross slip between the point in contact in that region. The relative slip value 

between the two surfaces in contacrt is illustrated in the folloing figure. This is obvious that for the case with no moment on the flat, 

the stick zone is symetric around the center line of contact zone. The slip value is considerably elevated between the surface when 

the moment applied on the flat surface.  
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Figure. 8. Shear slip distribution comparison between the case without moment and case with the moment on the flat. 

 

As it was expected, the relative displacement of the surfaces in the stick zone is zero which is illustrated in Fig. 8. The maximum 

amount of relative displacement is around 12 microns when no moment is applied while it can reach as high as 45 microns when 

the moment is applied. 

 

4. CONCLUSIONS 

A finite element model is presented to investigate effect of pure moment on the fretting fatigue stress distribution. The model predicts 

that shear stress in contact zone is elevated considerably at the boundary of stick/partial slip zone. The simulation also shows that 

pure moment can decrease the shear stress value in the partial slip zone. This reduction of shear stress results in negative value of 

shear stress in the present study. The results also propose negligible effect of moment on the normal stress distribution in the contact 

zone. Relative slip is influenced by the moment which leads to elevated value of slip between the surfaces at the boundary of 

stick/partial slip region. 
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