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Three principles of drill string mechanics and qualitative simulation experiments

Li Zifeng Wang Changjin Tian Weichao Xie Jian
(Petroleum Engineering Institute of Yanshan University . Hebei Qinhuangdao 066004, China)

Abstract; In general mechanics, the system must follow the principles of equilibrium, minimum potential energy and minimum power
dissipation rate; these three principles are also followed by the drill string mechanics. Any point of drill string at any time must meet
the mechanical equilibrium equation. In case of multiple solutions, initial judgment is made using the principle of minimum potential
energy. If multiple solutions still exist, secondary judgment is conducted using the principle of minimum power dissipation rate. The
problem of drill string instability illustrates the principle of minimum power dissipation rate excludes the principle of minimum poten-
tial energy, and the former principle is unable to be adopted to replace the latter one. It has been found from the experiments that:
(1) the higher the rotating speed of the rod string is, the smaller its deflection will be, and the closer to the wellbore center it will
be; (2) the transition critical speed under whirling state exists. When the rotating speed is less than this critical speed, the power
dissipation rate increases with the rotating speed; when the rotating speed is higher than this critical speed. the power dissipation
rate first decreases rapidly and the deflection of rod string abruptly decreases, and then power dissipation rate increases; (3) the grea-
ter the viscosity of the liquid is, the smaller the transition critical speed under whirling state will be; the greater the axial load is, the
smaller the transition critical speed in whirl state will be. Three principles of drill string mechanics provide a new criterion for jud-
ging the multiple solutions of complex drill string dynamics problems.
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Fig.1 Schematic diagram of coordinate systems
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Fig.2 Micro-element force analysis
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Fig.3 Drill string moving state
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Fig.4 Unbuckling and helical buckling conditions of

rotating drill string
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Fig.5 Qualitative simulation platform of drill string whirling
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Fig.6 The effect of rotating speed on rod buckling state
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Fig.7 The effect of rotating speed on rod buckling amplitude
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Fig.8 The relationship between current and rotating speed
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