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Research on the Force Chain Evolution and Dynamic State of
Granular Flow Lubrication

MENG Fanjing', LIU Kun®, QIN Tao'
(1. School of Mechanical and Automotive Engineering, Hubei University of Arts and Science, Xiangyang, Hubei
441053, China; 2. Institute of Tribology, Hefei University of Technology, Hefei 230009, China)

Abstract: To reveal the force chain evolution and dynamic state under granular flow lubrication,
an analytical model of granular flow lubrication between sheared parallel plates is established
based on the discrete element theory of continuum mechanics. Using this analytical model, the
contact force distribution rule, the force chain evolution rule and dynamic state, as well as the
force chain distribution and its influence on the granular flow lubrication system, are studied.
Numerical analytical results show that the probability distributions of normal contact force,
tangential contact force, and contact between granular lubrication medium all obey the power
law; the load bearing and dynamic characteristics of granular lubrication system are mainly
influenced by normal contact force; and the dynamic state of granular lubrication medium can be
transformed into four states of jamming state, quasi-static state, slow flow and fast flow. Under
these four flow states, the magnitude of total force chain is large in the jamming state, quasi-
static state and slow flow state, but small in the fast flow state. When the dynamic state of
granular lubrication medium transforms from fast flow state to slow flow state or quasi-static
state, the number of weak force chains is deceased and the number of strong and super force

chains is increased. And in the meantime, the flow speed of granular lubrication medium as well
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as the deconstruction and reconstruction speeds of force chains slows down.

Keywords: granular flow lubrication; force chain evolution; kinetic; contact force; discrete

element method
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