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In many technical  systems friction induced self-excited oscillations occur. To get a deeper understanding it es

necessary to understand the self-excitation mechanism. 

In this presentation the influence of different friction characteristics (e.g. Coulomb, Stribeck, linear decrease etc.)

are presented and discussed. Therefore, a numerical model is described and set up, to neglect all other influences

expect the friction. At the end the resulting Stick-Slip behavior is analyzed and compared with two important

comparison criterion of the self-excited friction: The frequencies of the friction and the area of stable oscillations.
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1 Introduction

In  many  technical  systems  friction  induced  self-

excited  oscillations  occur.  To  get  a  deeper

understanding  it  es  necessary  to  understand  the

self-exciting mechanism [1].  To neglect  all  other

environmental influences, a numerical model is set

up. This helps to understand each characteristics of

the friction curve separately and deeply.

2 Methods

One possibility to model a self-friction behavior, is

the one mass friction oscillator, cf. Figure 1.

Figure  1:  Scheme of  the  one  mass  friction

oscillator

Therefore,  a  single mass with just  one degree  of

freedom,  are  placed on  a  constantly  moved

conveyor belt. The mass is bounded with a spring

and  a  damper.  The  contact  can  be  define  by a

separate function in the model.  This results in an

external force and if the normal load is constant,

the  friction  force  Ffric is  only  influenced  by  the

friction coefficient  µ. The model  is  described  by

the  following  differential  equation  and  is  solved

numerically:

m ẍ+d ẋ+cx=F fric=μm g. (1)

Due  to  different  friction  characteristics,

see Figure 2,  it  comes  to  different  self-excited

vibrations. The oscillation is called Stick-Slip.

Figure  2:  Different  analyzed friction

characteristics.

3 Discussion

For  the  self-excitation  mechanism,  a  decreasing

friction characteristic is necessary, even if there is a

counter  increase  for  larger  relative  velocities  vrel.

For  the  Stick-Slip  risk  in  general,  it  is  not

important  if  there  is  a  step  down,  a  linear  or

nonlinear  characteristic,  unless  there  exists  a

decreasing part in the curve.

The  frequency of  this  oscillation  and  the  limit

velocity of the conveyor belt at which a Stick-Slip

is  observable,  are  the  two  important  criteria  to

characterize the tribological system. For example:

The  difference  between  the  static  friction

coefficient   and  the  minimum  of  the  friction

coefficient  influences  the  frequency.  Also  the

position  of  this  minimum  affects  the  area  of

stability of the self-excited friction.

To analyze and discuss the Stick-Slip behavior in

detail, the results are plotted in the phase diagram

(standardized  velocity  over  displacement).  In

comparison with a total free oscillation, this helps

to  analyze  how  big  is  the  influence  of  the  self-

excitation mechanism and in which range of belt

velocities stick-slip occure.
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