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ABSTRACT 
 

In order to obtain the strong axial impact force for rotary-percussive drilling technology, the dynamics of a bit-
rock vibro-impact system is studied to investigate the dynamic evolution mechanism of percussive drilling. On 
the one hand, a dedicated experimental setup is built up, see Fig.1 (a), and both the linear and nonlinear bit-
rock interactions are investigated [1]. On the other hand, a bounded mathematical model for the experimental 
rig developed via oscillation reconstruction [2] is analyzed by both numerical integration and numerical 
continuation, see Fig.1 (b). Based on the codimension-one bifurcations detected during one-parameter 
continuation, the two-parameter bifurcation curves are traced by two-parameter continuation. The influences of 
three control parameters (frequency and amplitude of excitation, and static force applied on the bit) and the 
rock stiffness combination [3] are studied experimentally and numerically, and the correspondence between the 
experimental result and the numerical simulation is verified primarily, see Fig.1 (c). Moreover, bifurcation 
analysis and phase-plane analysis indicate that the dynamic responses of this system are mainly period-one 
motions with varied impact numbers, which can further develop into period-two motions or even chaos via 
period-doubling bifurcations, but will go back to period-one motion via inverse period-doubling bifurcations or 
fold bifurcations. The vibration condition of the bit determines the axial impact force, to obtain the most 
powerful percussion, the ideal vibration of the bit is the period-one one-impact motion. Therefore, high 
excitation frequency and amplitude are suggested, but high static force should be avoided since it will trigger 
harmful chattering for percussive drilling. 
 

 
Figure 1: Numerical study and experimental verification of a bit-rock vibro-impact system 
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ABSTRACT

The digital image correlation technique were used in experimental mechanics for several decades; however, it is
the last decade when the advancement in hardware and image processing have made the image approach feasible
for structural dynamics research. In recent years, the simpli�ed optical ow method enabled fast and accurate
deection shape analysis at full-�eld spatial resolution which has not been seen before (e.g. 100k measurement
points) [1]. The digital image correlation (DIC) in general performs better than the simpli�ed optical ow, but also
requires orders of magnitude more computational e�ort. Motion magni�cation and other phase based techniques
have also been researched in recent years. Recently, a single-camera experimental-modal-analysis (EMA) for full-
�eld 3D deection shape reconstruction was proposed [2, 3], see Fig. 1.
Besides visual spectra based cameras, also the thermal cameras are researched for applications in structural dy-
namics. Classical experimental procedures (e.g., strain-gauge) allow to perform local damage evaluation, while
thermoelasticity, as a non-contact and full-�eld measurement technique, permits to obtain also spatial informa-
tion. Recently introduced thermoelasticity-based methods enable the time- and frequency-domain identi�cation
of full-�eld damage intensity; here the potential to relate the damage intensity to the underlying dynamics of the
structure is discussed.

Figure 1: Full-�eld 3D deection shape reconstruction using frequency domain triangulation.
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