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Abstract 

Vertical vibrations in drilling (chatter) can be reduced by the viscous damping associated 

with the mud rheology. In previous studies, the effect of damping was modelled assuming 

that the drilling fluid is Newtonian. However, non-Newtonian shear-thinning muds are 

beneficial for the drilling process. In this study, we investigate the influence of the non-

Newtonian mud rheology on the vertical drill bit vibrations using two different non-

Newtonian rheology models: Herschel-Bulkley and Casson. In modelling the vibrations, we 

assume that the stiffness of the rock is much greater than the stiffness of the drill string, 

which corresponds to deep boreholes. This allows the use of the concept of impact oscillator, 

whereby the rock stiffness is assumed infinite, such that the vertical oscillations are 

associated with the drill bit detachment. The driving force for the oscillations is the periodic 

drill bit bouncing caused by impact of the roughness of the borehole floor. Parameters of the 

rheology models required for the efficient reduction of chatter have been determined. It has 

been established that with the muds used currently in the industry, a significant reduction of 

chatter cannot be achieved. Furthermore, the desirability of the shear-thinning behaviour in 

muds might limit the scope for a vibration-damping mud design. 
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1. Introduction 

Vertical vibrations of the drill bit (chatter) in borehole drilling are undesirable and detrimental 

to the drilling operations, as they may lead to the excessive drill beat wearing, failure of 

equipment, reduction in the rate of penetration (ROP), uncontrolled changes in the drilling 

direction and, as a result, the necessity to conduct more frequent inspections. In order to 

ensure efficient drilling operations, comprehensive understanding and monitoring of these 

vibrations are essential. 
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