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Rock drilling is involved in a lot of areas today, e.g.
in mining-, oil- and geothermal industries. Depending on
the conditions, different drilling methods are used. Two
prevalent methods for drilling in rock are the regular rotary
drilling method, where the rock is crushed by a weight-on-
bit and rotation, and the percussive rotary drilling method,
where the rock is initially crushed by the impact energy and
experiences further splitting from the rotary motion of the
bit.

In the GeoFit project, the main goal is to develop cost
effective enhanced geothermal systems on energy efficient
building retrofitting. As a part of this project, LTU will
lead the simulation work regarding the application of novel
drilling techniques. This involves the development and
demonstration of modeling strategies, based on particle
based methods and FEM, of the drilling and excavation pro-
cess. The work is focused on virtual predictions of the drill
bit in terms of wear rate, pressure distribution and vibra-
tions in the adjacent soil and rock. From this prediction,
the drilling parameters, tool performance and selection of
materials will be improved in order to reduce tool damage
and predict maintenance.

Using the Discrete Element Method of the rock and a
rigid FEM formulation of the drill bit, LTU has conducted
simulations of the aforementioned drilling methods. The
wear has been evaluated using two different wear laws; Ar-
chard’s and Finnie’s law.

The Discrete Element Method, as initially formulated by
Cundall (1971), is a discontinuous method where the ma-
terial of interest is modeled using discrete rigid spheres, all
of which follow the Newtonian laws of motion. This inher-
ent discontinuous behavior is what makes this method suit-
able for modeling problems of large deformations, which is
highly relevant in the rock drilling process.

In the current applications, the LS-Dyna software has
been used. Here, each particle contact is realized by us-
ing a penalty-based contact. Friction is also included at the
perimeters of the particles based on the Coulombs friction
law. In order to model the cohesion between particles for
the rock model, the parallel bond model [1] has been used.
Here, the cohesion is represented by contact forces in the
normal- and tangential direction, given by{

Fn = Knun

|Fs| = Ks|us|
(1)

where un is the gap (or overlap) between the spheres, us is
the relative displacement and Kn and Ks are the normal-
and tangential contact stiffnesses. A bond breaks instan-
taneously once the normal or tangential force exceeds its
maximum value, σc or τc respectively.

A challenge with the DEM is how to relate the macro-
scopic parameters, e.g elastic modulus and Poisson’s ratio,

to the microscopic parameters, Kn, Ks, σc and τc. For
the present applications, parameters from previous research
has been used [2,3].

Future work consists of laboratory experiments, using
e.g. the unconfined stress test, Brazilian test and Split-
Hopkinson bar, in order to calibrate the different types of
rocks often encountered during drilling in geothermal ap-
plications. Further, the constitutive relationships for the
drill bit will be determined in order to model wear and ge-
ometry changes.

Figure 1: Broken particle bonds from percussive rotary drilling.
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