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Abstract: To effectively solve the failure problem induced by axial-torsional bidirectional vibration of drill
string, with the help of the 3-DOF dynamics model of drill pipe, a simulation study was performed on the suppres-
sion of linear quadratic regulator (LQR) control on the axial vibration and torsional vibration of drill string. First,
based on the LQR control strategy, torsional and axial feedback controllers were designed. Second, the influences
of working parameters on the response of the system were simulated under four conditions (without feedback con-
troller, with only torsional feedback controller, with only axial feedback controller, and with both torsional and
axial feedback controllers). Finally, the simulation results of LQR control and top drive control were compared.
The results show that the stick slip of drill string and bounce of bit are effectively suppressed only when both axial
and torsional feedback controllers are applied. The axial-torsional feedback controller designed based on the LQR

control strategy is better performed than the top drive control. The study results provide theoretical reference for
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investigating the vibration control of drill string.

Keywords: axial-torsional bidirectional vibration of drill pipe; LQR control; 3-DOF dynamics model; input

angular velocity ; axial relative displacement
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