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Estimation of dynamic behavior of drill pipe for scientific drilling and its
validation using measured data in actual drilling operation
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The Stick-Slip and large bending deformation due to Magnus effect are
troublesome problems which happens in scientific drilling. In order to clarify the mechanism of
Stick-Slip and large deformation, it is necessary to develop a reliable numerical model to estimate
drill pipe motion for various drilling conditions. Stick-Slip was estimated using a numerical
procedure to solve NDDE (Neutral Delay Differential Equation) and large bendig deformation due to
Magnus effect was estimated using ANCF (Absolute Nodal Coordinate Foumulation). The boundary
condition at the drill bit part for NDDE equation is estimated from measured top drive torque and
calculated Stic-Slip motion was agreed well with measured data of actual drilling. On the other
hand, the hydrodynamic forces on drill pipe for calculating bending deformation of the drill pipe
are estimated from model experiments and CFD. The estimated bending deformation of the actual drill
pipe varied depending on the ocean current conditions.
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Fig. 1 The measured drill bit rotation and top drive torque during an actual drilling
operation of Chikyu.
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Fig. 2 The measured top drive torque and FFT result.
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Fig. 3 FFT results of calculated top drive torque.
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Fig.6 Calculated deformation of 3,000m size drill pipe rotating 120rpm under ocean
current which is shown in Fig. 10.

Comparison of drill pipe model
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