Simulation of heat transfer during drilling of a 316L austenitic stainless
steel under dry condition
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ABSTRACT

Drilling is one of the most used material removal processes in the industry, notably in the aeronautical,
nuclear and medical fields. The thermo-mechanical loadings induced by the drilling process can affect
the surface integrity of a component and reduce its mechanical performance. Unlike other processes
such as milling or turning, the experimental study of drilling is very difficult because of the
confinement of the cutting zone. In machining, the numerical simulation has become an essential tool
for computing the local thermo-mechanical phenomena induced by the cutting process.

In this context, a few numerical models were developed in literature to simulate the machining of a
small drilling depth. Nan et al. [1] use Abaqus/Explicit to simulate a drilling time of about 0.03s
whereas Abouridouane et al. [2] compute the chip geometry and the thermal field in the drilled hole
with Deform-3D. These numerical models show the difficulties to simulate a whole drilling operation.
Indeed, they use a Lagrangian description for computing the chip formation. The need of successive
remeshing steps to avoid the mesh distortions increase significantly the computing time. Moreover, the
drilling depths computed are very small (a few tenths of a millimeter) therefore these models are not
applicable in an industrial context.

This work focuses on the development of a 3D model simulating a whole drilling operation with a
reasonable computing time. It is based on the work of Girinon et al. [3] which propose a new simulation
strategy to compute residual stresses induced by the drilling of large depth holes. A 3D thermo-
viscoplastic simulation is performed in a new Rigid-ALE framework to compute heat transfer during
the drilling process. In this work, the R-ALE method is applied to a 316L austenitic stainless steel
under dry condition. Finally, numerical results are compared to experimental measurements in order
to validate the numerical approach which open new possibilities in the modeling of the drilling process.
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