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In this paper, the variation of coefficient of friction, which is one of the main and important parameters 
in fretting fatigue, has been investigated experimentally. Measuring  coefficient of friction has been 
performed with the designed device by the researchers. The advantage of using the above device is that 
it can almost accurately measure the contact pressure and friction force and thus the coefficient of 
friction. Al alloy 2024-T3 has been used as it is a  frequently used alloy in aerospace structures. The 
coefficient of friction is considered here as a parameter which is a function of normal and cyclic axial 
load. Another important point in performing the test is the variation of frictional stress at different 
normal and axial loads which is measured. Results show that as the normal load increases, the 
coefficient of friction reduces but the frictional stress increases. Changing the frictional stress is the 
main parameter in investigating wear between interfaces. The above results can be applied in numerical 
analyses such as life prediction and/or predicting joints fracture section such as double shear lap joints 
which experience fretting fatigue. 
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Fig. 1 components of designed device a) fixture b) normal 
loading adjusting screw c) normal loading transferring pad d) 
Aluminum pad e) specimen design under axial loading 
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Table 1 mechanical properties of materials 
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Fig. 2 test assembly 
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Fig. 3 Torque meter  
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Table 2 applied contact pressures and fatigue loadings 
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Fig. 4 strain gauge on aluminum pad 
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Fig. 5 fretting fatigue test assembly in fatigue machine 
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Fig. 6 variation of friction coefficient in aluminum pads at both 
side of test assembly at contact pressure 20 MPa a) load 203 
MPa b) load 365 MPa 

6 MPa 20 
 (MPa 203  (MPa 365  

2- Only slip region 
3- narrow stick region+wide slip region 
4- wide stick region+ narrow slip region 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 20000 40000 60000 80000 100000

Fr
ic

tio
n

co
ef

fic
ie

nt

Number of cycle 

Pad 1
Pad 2

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 20000 40000 60000 80000 100000

Fr
ic

tio
n 

co
ef

fic
ie

nt

Number of cycle

Pad 1
Pad 2



    

      

13941512  291  

  
)a(  

  
)b(  

Fig. 7 variation of friction coefficient in aluminum pads at both 
side of test assembly at contact pressure 40 MPa a) load 203 
MPa b) load 365 MPa 
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Fig.  8 The variation of friction coefficient with respect to 
number of fretting cycles (a) contact pressure 20 MPa (b) 
contact pressure 40 MPa 
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Fig. 9 variation of stabilized frictional stress amplitude with 
maximum cyclic stress level at different contact 
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Fig. 10 Variation of stabilized friction coefficient with applied 
contact pressure 
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Fig. 11 Fretting damage effect in different contact pressure and 
cyclic stress 
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Fig. 12 Relation among frictional stress amplitude, contact 
pressure and friction coefficient in stabilized condition 
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Fig. 13 Variation of stabilized friction coefficient with applied 
contact pressure 
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Fig. 14 Finite element model 
 14 

 .
  

 .15×15×15 
 

 
 .15  

 .15  

20  

5 -   
            

   Al2024-T3   .       
                  

               
               

               
           .

  
) 

  (
   

 .
  

 
   

  

  
(a)  

(b)  
Fig. 15 Comparison between experimental and numerical 
results for the variation of stabilized frictional stress amplitude 
with maximum cyclic stress level (a) contact pressure 20MPa 
(b) contact pressure 40 MPa. 

15   
 (MPa 20  (MPa 40  

 
 . 

    
  

  .

6 - 
[1] R. B. Waterhouse, Fretting corrosion, pp. 161-178, New York: 

Pergamon Press; 1972. 
[2] J. M. Dobromirski, Variables of fretting process: are there 50 of 

them? In: M. Helmi Attia and R.B. Waterhouse, Editors, 
Standardization of fretting fatigue tests and equipment, ASTM 
STP 1159, American Society for Testing and Materials; 1992. pp. 
60-66. 

[3] N. K. Ramakrishna-Naidu, S. G. Sundara-Rama, Effect of contact 
pressure on fretting fatigue behaviour of Al-Mg-Si alloy AA6061, 
International Journal of Fatigue, Vol. 27, No. 3, pp. 283-291, 
2005. 

[4] D. A. Hills, D. Nowell, Mechanics of Fretting Fatigue, pp. 113-
122, Dordrecht: Kluwer Academic Publisher, 1994. 

[5] O. Jin, S. Mall, Effects of slip on fretting behaviour: experiments 
and analyses, Wear, Vol. 256, No. 7-8,  pp. 671-684, 2004. 

0

2

4

6

8

100 200 300 400

Fr
ic

tio
na

ls
tre

ss
(M

Pa
)

Maximumsyclic stress (MPa)

Exp
FEM

0

2

4

6

8

10

12

14

100 200 300 400

Fr
ic

tio
na

l s
tre

ss
(M

Pa
)

Maximumsyclic stress (MPa)

Exp
FEM



    

      

  

294  13941512  

[6] I. R. McColl, K. Ding, S.B. Leen, Finite element simulation and 
experimental validation of fretting wear, Wear, Vol. 256, No. 11-
12,  pp.1114-1127, 2003. 

[7] J. J. Madge, S.B. Leen, P.H. Shipway, The critical role of fretting 
wear in the anaysis of fretting fatigue, Wear, Vol. 263, No. 1-6, 
pp. 542-551, 2007. 

[8] G. W. Stachowiak, A. W. Batchelor, Engineering Tribology, 
Third Edition, pp. 621-638, Oxford: Butterworth-Heinemann, 
2005.  

[9] N. K. Ramakrishna-Naidu, S. Ganesh Sundara-Rama, Effect of 
shot blasting on plain fatigue and fretting fatigue behaviour of Al-
Mg-Si alloy AA6061, International Journal of Fatigue, Vol. 27, 
No. 3, pp. 323-331, 2005. 

[10] Y. Fu, J. Wei, A. W. Batchelor, Some considerations on the 
mitigation of fretting damage by the application of surface-
modification technologies, Journal of Materials Processing 
Technology, Vol. 99, No. 1-3, pp. 231-245, 2000. 

[11] G. H. Majzoobi, R. Hojjati, M. Nematian, E. Zalnejad, A. R.     
Ahmadkhani and E. Hanifepoor, A new device for fretting fatigue 
testing, Transactions of The Indian Institute of Metals, Vol. 63, 
No. 2-3, pp. 493-497, 2010. 

[12] DB.Rayaprolu ,R.Cook critical review of fretting fatigue 
investigations at the Royal aerospace establishment. In: Helmi 
Attia M, Waterhouse RB, editors. Standardization of fretting 
fatigue tests and equipment. ASTM STP 1159. Philadelphia: 
American Society for Testing and Materials; 1992. pp. 129–152. 

[13] W. D. Milestone, J.T. Janeczko, Friction between steel surfaces 
during fretting, Wear, Vol. 18, No. 1, pp. 29–40, 1971. 

[14] T. N. Chakherlou, M. Mirzajanzadeh, J. Vogwell, Experimental 
and numerical investigation into the effect of an interference fit on 
the fatigue life of double shear lap joints, Engineering Failure 
Analysis, Vol. 16, No. 7, pp. 2066-2080, 2009.


