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ON THE ACOUSTICS OF THE STICK-SLIP PHENOMENON 

ŞTEFANIA DONESCU1, LIGIA MUNTEANU2, VALERIA MOŞNEGUŢU2 

Abstract. In this paper, the acoustics and friction of the stick-slip phenomenon is 
discussed. The interaction friction-vibration gives rise to oscillations within solids 
which frequently lead to radiation of sound to the surrounding media. The analysis of 
a friction contact model between two vibrating grains provides an example of the 
mode lock-in and the sound. 
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1. THE FRICTION SOUNDS 

A relevant paper in the frame of the acoustics of friction is due to Akay 
(2002) [1]. Akay presents a remarkable overview of the acoustics of friction by 
covering friction sounds, friction-induced vibrations and waves in solids, and 
descriptions of other frictional phenomena related to acoustics. Starting from [1], in 
this paper we analyze several aspects of the acoustics of friction inside the stick-
slip phenomenon. 

Examples of sounds that result from friction-excited vibrations and waves 
appear frequently in our life. Starting by the violin music, the string instruments, 
the insect sounds and ending by the brake noise in automobiles and the squeal of 
the hips prosthesis, the acoustics of friction extends beyond noise and music.  

As an example, the extracting of a nail from a piece of hard wood can 
produce friction forces and sounds. The nail diameter determines the pressure, and 
thus the friction force on the nail surface. The speed of the nail extraction affects 
the response because of the temperature. 

Another illustrative example of a friction system in which friction excitation 
takes place away from the radiation source is the cuica, the Brazilian friction drum. 
The cuica consists of a cylindrical metal shell covered as in a dum at one end with 
a membrane. Inside the cylinder, a bamboo stick suspends from the center of the 
membrane where one end of the stick is tied with a knot. The player strokes the 
stick with a piece of moist cloth, thereby exciting the membrane at its center with 
the resulting stick-slip motion. 
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A historical example demonstrated by Tyndall suggests that rubbing a glass 
tube along its length can break off rings at its free end [2]. A bowed string presents 
a useful example because of its simple configuration. A dimensionless coupling 
constant was shown to characterize the classical stick-slip phenomenon that 
consists of a mass, m, restrained by a spring of constant k  on a conveyor belt that 
moves at a speed 0V , i.e. 0 0 /F kVΓ = ω , where 0F  is the maximum static friction 
force and 0 /k mω =  [3]. The larger the value of Γ , the longer the sticking period 
of the mass and the longer the period of its oscillation. The string and other 
friction-excited systems should be considered not as having a single degree of 
freedom, but as continuum systems with many degrees of freedom [4]. An example 
of how sound quality depends on the interaction of friction and vibration appears in 
the phenomenon called double slip. Double slip occurs when the actual bowing 
force falls below the minimum bowing force necessary for playability. Double slip 
manifests itself by splitting the fundamental frequency and producing the wolf tone 
[5–7]. One animal that produces sound using stick-slip friction is the spiny lobster 
which rubs its antennae over smooth surfaces on its head [8]. Other examples 
which produce sound using stick-slip friction can be found in [9-12]. In this paper a 
friction contact model between two vibrating grains is considered starting from the 
results provided in [13-15]. A peculiar aspect of the hysteresis loop is obtained, due 
to the instabilities which lead to the mode lock-in, where the system responds at 
one of its fundamental frequencies and its harmonics. 

2. THE STICK-SLIP PHENOMENON 

This model represents a contact interface between two grains with an initial 
gap 0n , modeled as a massless elastic element characterized by two linear springs 
of lengths ul  and respectively vl , and moduli uk  and respectively vk , and a 
friction contact point which obeys the Coulomb friction law with the friction 
coefficient µ  (Fig.1). Here u  is the tangential relative displacement, v  is the 
normal relative displacement and w  is the tangential displacement of the contact 
point relative to grain 2 considered being the ground. When the grains are in 
contact it is possible to appear a tangential stick-slip motion and when the normal 
relative motion v  becomes large we can have an intermittent separation of grains. 
The variable normal load n  and the induced friction f  are given by: 
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When the vibratory displacements are small, the contact interface sticks and 
the friction force is proportional to u  with reference to w , which is zero. The slip 
load always limits its magnitude n±µ . When the friction force exceeds the positive 
value nµ , the contact interface starts to slip towards the positive u  direction. The 
friction force remains equal to the varying slip load until the contact interface 
sticks again. The friction coefficient µ  is a function on time ( )tµ  if the load ( )P t  
and the friction force ( )f t  at a contact vary with time: 

( )( )
( )

f tt
P t

µ = . (3) 

The average friction can be interpreted as the time average of ( )tµ , denoted 
by ( )t< µ > , or as an average friction force divided by the average normal load, so 
that [16]: 
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If the normal load remains constant or the friction coefficient does not change 
with time, the two interpretations are equivalent. Otherwise they are not. 

 
Fig. 1 – The contact interface model. 

 
The stick-slip conditions are characterized by the friction force f  and the 

slip velocity w , which must be formulated in terms of the input relative 
displacements. We have from (1)–(4): 
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where 0u  and 0f  are the initial values of u and f  at the beginning of the stick 
state 0t = : 0(0)u u= , 0(0)f f= . The synthesis of the results is presented in 
Table 1 [14]. 

We refer to the rocks, which are fractured rather than intact materials.  Rocks, 
like many ceramics, consist from grains imbedded in a contiguous matrix, or in 
direct contact with each other. The matrix contains a fine network of micro 
fractures: cracks, joints, voids of typical size 1µm≈ .  The interfaces, or the bond 
systems, are located between the grains and consist of a fabric of defects (cracks, 
voids) that participate in the elastic response of the material. The strong 
nonlinearity is associated with the presence of hard and soft phases, where the soft 
phase occupies a much smaller volume but it is subject to strong deformation and is 
the origin of the nonlinear response. 

Table 1 

The transition criteria 

Transition Criteria 

stick to positive slip 
0f n−µ = ,  0f n−µ >    or 

0 0 0( ) 0u v uk u k v f n k u−µ + −µ − = ,  0u vk u k v−µ > . 
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The transition between slip and stick depends on the tangential relative 

displacement u  and on the variable normal load, which may decrease to reduce the 
slip load so that the occurrence of the transition can be postponed to some instant 
after the reversion of u . 

During the cycle of motion the contact normal load may vanish and cause the 
separation. In the displacement-force plane a hysteresis loop is appearing. Fig.2 
plots the force 0 min/ ( )f n µ  against the displacement 0/u u . The solid, the dash-
dotted and the dashed curves indicate the stick, slip and separation regions, 
respectively. A peculiar aspect of the loop is appearing by the presence of some 
teeths allure in the stick-slip zones. 

 
Fig. 2 – Hysteretic behavior of the model. 

This peculiar aspect of the hysteresis loop is due to the contact conditions and 
the transition criteria. The instabilities develop and frequently lead to a condition 
called mode lock-in, where the system responds at one of its fundamental 
frequencies and its harmonics [1,  17]. Usually, in the mode lock-in, the spectra 
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show one or more fundamental frequencies closely associated with natural 
frequencies of the system, and their harmonics [18,  19]. 

A known illustration of the mode lock-in results from applying a violin bow 
to the free edge of a cantilever beam or a plate [1]. The development of the mode 
lock-in depends on the normal load, sliding velocity, and the contact geometry. The 
illustration of the concept of the mode lock-in is given in Fig.  3, for the first mode 
of vibration. The system locks into this particular mode and oscillates in a stable 
manner. 

 
Fig. 3 – Frequency response in the mode lock-in in the first mode of vibration. 

3. CONCLUSIONS 

The acoustics and friction of the stick-slip phenomenon is discussed in this 
paper by considering of a friction contact model between two vibrating grains. The 
interaction friction-vibration gives rise to oscillations within the system which 
frequently lead to radiation of sound to the surrounding media. 

The friction between the grains provides an example of the mode lock-in and 
the sound. The granular materials provide an effective mechanism of vibration 
damping by dissipating energy primarily through inelastic stick-slip-separation 
behavior and friction among the grains. 

Acknowledgments. We gratefully acknowledge prof. Ioan Magheţi from “Politehnica” 
University of Bucharest for fruitful discussions on the acoustics of friction subject. 

 
Received on February 2, 2011 

REFERENCES 

1. AKAY, A., Acoustics of friction, J. Acoust. Soc. Am., 111, 4, April 2002. 
2. TYNDALL, J., Sound, Appleton, New York, 1903; Greenwood Press, Westport, CT, 1970. 



7 On the acoustics of the stick-slip phenomenon 111 

3. WEINREICH, G., What science knows about violins-and what it does not know, Am. J. Phys., 
61, pp. 1067–1077, 1993 

4. HELMHOLTZ, H., On the Sensations of Tone (English translation of the German edition, 1877), 
Dover, New York, 1954. 

5. SCHELLENG, J.C., The violin as a circuit, J. Acoust. Soc. Am., 35, pp. 326–338, 1963. 
6. RAMAN, C.V., On the wolf-note in bowed stringed instruments, Philos. Mag., 32, pp. 391–395, 

1916. 
7. MCINTYRE, M.E., WOODHOUSE, J., The acoustics of stringed musical instruments, 

Interdisciplinary Sci. Rev., 3, pp. 157–173, 1978. 
8. PATEK, S.N., Spiny lobsters stick and slip to make sound, Nature, 411, 6834, pp. 153–154, 

2001. 
9. FEENY, B., GURAN, A., HINRICHS, N., POPP, K., A historical review on dry friction and 

stick–slip phenomena, Appl. Mech. Rev., 51, pp. 321–341, 1998. 
10. BHUSHAN, B., Stick-slip induced noise generation in water-lubricated compliant rubber 

bearings, J. Lubr. Technol., 102, pp. 201–212, 1980. 
11. BENGISU, M.T., AKAY, A., Stick-slip oscillations: Dynamics of friction and surface roughness, 

J. Acoust. Soc. Am., 105, pp. 194–205, 1999. 
12. ADAMS, G.G., Steady sliding of two elastic half-spaces with friction reduction due to interface 

stick-slip, J. Appl. Mech., 65, pp. 470–475, 1998. 
13. YANG, B.D., CHU, M.L., MENQ, C.H., Stick-slip-separation analysis and nonlinear stiffness 

and damping characterization of friction contacts having variable normal load, J. of Sound 
and Vibrations, 210, 4, pp. 461–481, 1998. 

14. BADEA, T., NICOLESCU, C.M., A Preisach model of hysteretic behavior of nonlinear 
mesoscopic elastic materials, Ch. 1, In: Topics in Applied Mechanics – Vol. 1 (eds. 
V.Chiroiu and T.Sireteanu), Editura Academiei Române, 2003, pp. 1–26. 

15. BADEA, T., CHIROIU, V., MUNTEANU, L., DONESCU, Şt., A Preisach model of hysteretic 
behaviour of nonlinear mesoscopic elastic materials, Rev. Roum. Sci. Techn. – Méc. Appl., 
48, 2003. 

16. HESS, D.P., Interaction of vibration and friction at dry sliding contacts, In: Dynamics with 
friction. Modeling, Analysis and Experiment – part II, series on Stability, Vibration and 
Control of Systems (eds. Guran, A., Pfeiffer, F., Popp, K.), series B, 7, World Scientific, 
pp. 1–27, 2001. 

17. BENGISU, M.T., AKAY, A., Stability of friction-induced vibrations in multi-degree-of-freedom 
systems, J. Sound Vib., 171, pp. 557–570, 1994. 

18. NISHIWAKI, M., Review of study on brake squeal, Jap. Soc. Automob. Eng. Rev., 11, 4, pp. 48–
54, 1990. 

19. LANG, A.M., SMALES, H., An approach to the solution of disc brake vibration problems, 
IMechE Paper C37/83, pp. 223–230, 1983. 




