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Experimental study of rolling-sliding transition and friction coefficients of
particles
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JI Shun-ying

Abstract: The rolling-sliding friction is important to the dynamics of granular materials on micro and macro scales. In the granular
flow dynamics, the sliding friction has been investigated well, but the mechanism of rolling friction is paid less attention before. The
rolling friction is influenced by many factors, and there is no unified theory to describe the rolling friction. The experiment for
friction coefficients under the influences of normal loads, roughness of contact surfaces, particle shapes has been carried out; and the
transition mechanism of the rolling-sliding friction is studied. It is shown that the particle performs sliding when the particle shape is
quite irregular and the contact surface is too smooth; otherwise, the particle performs rolling. Moreover, the sliding friction
coefficient and rolling friction coefficient are measured under various particle shapes and surface roughnesses.
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Fig.1 Contact model of particles
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Fig.2 Relationship between friction and relative
displacement in calculations of sliding and rolling friction
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Fig.3 The elastic hysteresis of elastic materials
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2.3 HLRE B FBURLAS U] B X R B R HE P R T

B2 Fle T P REL RS 52 R O T PR AN B J5E 25 o0
BRI . — AR R, DN 4 FINIE
BB e R R R T By C PR,
Hp C At B i b, C B TEL AB EEE AL,
W 5(@)fft7r. Tngh s AL RO i 1 JTihse C
MURARRSN, Ab DTG v R T Ak oADK 82 P
W IHE Y -1 o B 5(b) 3 —TRARASKI (ks , &5
VI AT EF T, V1R ) ke
()G i, GBI FSME SRS a b,
XPRURL I N A AR AL RN S8 F i R AR S, R
A0 R B i R T TR AN R0 B e 5k 1 g S
F-a.

(@) (b)
BlS  RTHHERE BERNURLTE R AN HRU BEXT R Bl AR )
Fig.5 The influence of surface roughness and irregular
shape of particle on rolling friction
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Fig.6 Sketch map of experimental device for
sliding-rolling friction of particle.
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Fig.7 Definition of irregular index of particle shapes
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Fig.8 Analysis of external force on particle in physical test
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Fig.9 Friction force vs. time in a physical experiment
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Fig.10 Influences of surface roughness and particle shape
on rolling friction coefficient
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Fig.11 Influence of particle shape and normal load on
particle friction coefficient
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Fig.12 Relationship between rolling friction coefficient
and normal load
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Fig.13 The transition properties of particle sliding-rolling
friction.
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