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Friction damping is a key sizing parameter for mechanical assemblies subjected to vibrations. The behavior of 
the surfaces and its evolution due to damage (mainly plastic deformation under normal loading and fretting) 
can impact the global assembly response. Many dynamic models have been developed, requiring the 
identification of multiple parameters from experimental hysteresis curves. Surfaces evolutions caused by 
damage can be described using roughness parameters. Using a deterministic rough on rough model of test 
surfaces based on Mindlin analytic equations allows us to take those surface parameters into account to evaluate 
the tangential stiffness and friction damping ratio. 
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1. Introduction 

Friction damping phenomenon can be a conception tool 
to reduce the vibratory response of specific mechanical 
systems like turbine blades under-platform damper. The 
dynamic response of mechanical assemblies 
is influenced by the friction behavior of the joints. Many 
studies [1] have been exploring this field both from 
experimental and modelling point of view, and more 
recently incorporating the effect of wear [3].  
The main damage phenomenon affecting this field of 
study are plastic deformation (under normal loading), and 
fretting damage. Physics based modelling of individual 
asperities interactions can account for the influence of 
surface evolution on the behavior via roughness 
parameters, and thus may be a design tool to predict the 
evolution of the damping behavior. 

2. Methods 

An experimental method combining fretting damage - 
damping characterization was introduced [2], and a basic 
ball on flat Mindlin model used to demonstrate its 
principle (fig.1). Instead of using a dynamic friction 
model (LuGre, Bouc-Wen [3], Maxwell, Iwan) for the 
unknown tangential load in the contact this work 
develops a physics-based model of the contacting 
surfaces. The sum-surface concept is not used, and both 
rough surfaces are fully characterized, taking into 
account all the individual contact pairs. The influence of 
normal loading and fretting damage will be incorporated 
through the geometric changes of the surface after a test 
and evolution of the global friction coefficient. 
 

 
Figure 1: Friction damping response to an imposed 

tangential load sweep before (black), and after (blue) 

constant amplitude tangential load fretting damage (red). 

 

2.1. Experimental tests 

Metallic rough plane on plane contacts are subjected to 
fretting damage without volumic fatigue loading, under a 
normal static load and a periodic tangential load. Their 
damping response is measured using tangential load 
sweeps before, during, and after wear tests (fig.1). Full 
surfometry of the contact area are studied before and after 
tests. 

2.2. Analytical-numerical model  
The modelling approach is based on Mindlin equations 
for pairs of spherical contacts on a deterministic surface 
(fig.2). The geometric parameters (position of the 
summits, curvature radius) are determined from a 
surfometric analysis of the test samples. The normal 
loading conditions and relative motion of the tests are 
applied with an imposed displacement. The resulting 
normal and tangential load for each contact pair are 
projected along the displacement direction to calculate 
the global surface friction force, the tangential stiffness 
and the friction damping ratio. The behavior of the test 
bench is included in the model via a 1 DOF mass-spring 
system which allows a displacement driven approach for 
global sliding regime. A pure elastic approach is first 
presented. 

 

   
Figure 2: Sample surface summits positions for a multi-

asperity Mindlin model (side and top view). 
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