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Table 1  Material properties used in this article
24 Hfl
HEp (kg/m’) 2200
JAZR (mm) 9
) IRIE& Y (GPa) 72
HFA Y 0.17

AR, (N/m?) 3.3x10°
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Figure 3 (Color online) A verification of our model by calculating the solitary wave speed in a non-friction one-dimensional model. (a) Time
difference T takes for the solitary wave to pass between the two datum points; (b) image map of particle velocity profile in spacial and transient

domains, and the slope represents the propagation velocity.
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Figure 4 (Color online) The “partical speed-time” cloud maps of the main solitary wave under different normal forces. (a) F, = 2 N; (b) F,= 4 N; (c)

F,=6N;(d) F,=8N
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Figure 5 (Color online) Dissipation change law of some physical quantities influenced by the normal force F,. (a) Wave trajectory; (b) particle peak

velocity; (c) solitary wave velocity; (d) maximum contact force.
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Figure 6 (Color online) The “partical speed-time” cloud maps of the main solitary wave under different frictional coefficients x. (a) u = 0.1; (b) u =

0.3; (c) u=10.5; (d) p=0.7.
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Figure 7 (Color online) Dissipation change law of some physical quantities influenced by the frictional coefficient 4. (a) Wave trajectory; (b) particle

peak velocity; (c) solitary wave velocity; (d) maximum contact force.
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Coulomb friction threshold.
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Figure 10 (Color online) Logarithmic relation of wave velocity and
maximum contact force under various values of normal force.
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Figure 11 (Color online) Logarithmic relations of wave velocity and
maximum contact force under various vaules of the frictional
coefficient. (a) F, =4 N; (b) F, = 8 N.

12 (P2 RRORZ ) & E o B e T e A A

Figure 12 (Color online) Evolution law of energy ratios over time.
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function of wave position during dissipation.
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In this work, we used a one-dimensional particle system with finite length to study the effect of friction on energy
propagation in granular materials. Normal contact forces acting between particles follow the nonlinear Hertz contact law,
while the tangential shear forces acting between particles and plates follow the Mindlin shear force law. To simulate the
wave propagation through the particle chain, a center difference method is applied, and the kinetic equation is directly
solved by the discrete element method. With this model, we observed a primary solitary wave produced when a striker
collides with the second particle, and the wave dissipates nonlinearly with the travelling length even when tangential
frictional forces between particles and rigid boundary are very small. Energy dissipation in granular materials can be
deduced by comparing the amplitude and velocity of the main solitary wave and the maximum contact force between
particles. The results show that the primary solitary wave will dissipate rapidly and eventually disappear within a finite
distance in the one-dimensional chain, even though the frictional forces are much smaller than the average normal contact
forces between particles. This finite distance depends on the frictional forces. As the wave propagates, three stages,
including nonlinear collision stage, transition stage, and friction-collision mixed stage, can be distinguished using the
relation between wave speed and maximum contact force.
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