
 

          

 

 

euspen’s 17th International Conference & 

Exhibition, Hannover, DE, May 2017 
www.euspen.eu  

Issues in validation of friction in the nanometric domain 

 
Marko Perčić,1 Saša Zelenika 1 and Ervin Kamenar 1 
 
1 University of Rijeka, Faculty of Engineering & Centre for Micro and Nano Sciences and Technologies, Vukovarska 58, 51000 Rijeka, CROATIA 

 

sasa.zelenika@riteh.hr 

  
Abstract 

Friction is one of the most challenging problems in micro- and nanosystems’ technologies. While frictional phenomena on the macro- 

and meso-scales are well described and can generally be efficiently compensated via proper control typologies, in the nanometric 

domain friction is still a matter of persistent studies. Our ongoing work aims at providing a contribution to the study of friction by 

characterising the parameters influencing its value at the nanometric scale. The dependence of friction on material types, surface 

topography, loading conditions, velocity of motion, temperature and lubrication will thus be investigated via SPM measurements. 

Due to the large number of monitored influences, the number and type of measurements will be determined by using novel 

metamodeling techniques of arranging the measurement campaigns. Preliminary results aimed at a systematic engineering approach 

to the conduction of a finite set of methodical experiments characterising nanometric friction are thus presented in this paper. 
 

Nanometric friction, experimental determination, scanning probe microscope, design of experiments, friction model 
 

1. Introduction 

Devices characterised by micro- and nanopositioning precision 

are often required in precision engineering as well as micro- and 

nanosystems’ technologies. When devices based on sliding and 

rolling mechanisms are used, positioning precision is limited 

mostly by friction with its stochastic nonlinear characteristics. 

While the elasto-plastic nature of friction on the macro- and 

meso-scales is described relatively well [1] where frictional 

effects can be simulated via suitable models and efficiently 

compensated via proper control typologies [2], the available 

friction models do not take into account true nanometric 

motions with predominantly elastic behaviour due to adhesion, 

plastic effects due to single-asperity contact deformation, nor 

scaling phenomena related to friction [3]. In fact, the 

understanding of friction at the level of atomic interactions was 

enabled only in the last two decades by the affordable 

availability of scanning probe microscopy (SPM) methods [1]. 

Our ongoing work in this frame aims thus at providing a con-

tribution to the study of friction by characterising the parame-

ters influencing its value when considering nN range forces and 

nm/s velocities. The dependence of friction on these parameters 

is investigated via SPM measurements. Special attention is de-

voted to the proper calibration of the used probes. Due to the 

large number of monitored influences, the number and type of 

measurements is to be determined by using metamodeling tech-

niques. Preliminary results aimed at a systematic engineering 

approach to the conduction of a finite set of methodical experi-

ments characterising nanometric friction are thus presented. 

2. Preliminary experimental measurements 

The preliminary experimental assessment of nanometric 

friction is performed by using the Bruker Dimension Icon SPM. 

To determine the value of frictional forces, the Lateral Force 

Microscopy (LFM) contact measurement configuration is used, 

where the tip of the probe (Fig. 1) moves transversally with 

respect to the longitudinal axis of probe’s triangular cantilever. 

A separate signal related to the normal and the lateral deflection 

of the cantilever is thus obtained. The used probes are Bruker's 

SNL-10 high-resolution type D probes, with a Si tip mounted on 

a triangular Si3N4 cantilever. In order to quantify frictional forces, 

the stiffness of the cantilever has to be accurately calibrated. 
 

 
 

Figure 1. Geometrical parameters of the used Bruker SNL- 10 D probe. 
 

      
 

Figure 2. SEM micrographs of Bruker SNL- 10 D SPM probes. 
 

In this work, a validation of the bending stiffness kb of the 

cantilever with respect to its nominal value (0.06 N/m) is 

performed first via the thermal tune method (TTM). TTM 

involves measuring the power spectral density of cantilever’s 

motion in the time domain in response to dynamic excitations 

[4]. The thus obtained measurement results (cf. table 2) have 

been used to assess the approximations induced by calculating 

the stiffness of the cantilever via the analytical method of 

parallel beam approximations (PBA) [5], as well as via finite 

element (FE) calculations performed in Ansys®. The calculations 

are based on an accurate measurement of the dimensions of the 

SPM probes performed on the Jeol JSM-7800F Scanning Electron 

Microscope (SEM), that allows magnifications up to 1,000,000 

times and imaging resolutions down to 0.8 nm (Fig. 2). Ten probe 

samples are scanned allowing to obtain certain statistics on the 

dispersion of the values of their dimensions (table 1). 


