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Abstract 
The titanium alloys are widely used in the aerospace industry for their high strength to 
weight ratio and for their excellent corrosion but they are considered as a difficult to cut 
materials due to the high temperature attained while machining. In this paper, in a first 
part, two temperature measurement techniques are briefly presented. One method gives 
the temperature distribution in the workpiece along the cutting edge. For the second 
technique the temperature is measured on the corner of the drill. For all the experimen-
tal tests the force and torque are measured. In a second part, an analytical model based 
on a CAD definition of the tool is introduced. The drill cutting edge is divided into ele-
mentary cutting edges and a thermo-mechanical model of oblique cutting is applied for 
each of them. Finally the modeling results are compared with the experimental ones to 
validate the proposed approach. 

INTRODUCTION 

Lightweight materials such as titanium alloys 
are used in modern aerospace structures due 
to their very good combination of metallurgical 
and physical properties. Each class of light-
weight material has their advantages and dis-
advantages. Titanium’s advantages are a high 
strength-to-weight ratio, a low density, an ex-
cellent corrosion and erosion resistance, and a 
low modulus of elasticity [1, 2]. However tita-
nium has been classified as difficult to machine 
due to its physical properties. The temperature 
attained while drilling is very important and 
plays an important role on tool live.  
Normally the titanium is drilled using coolants 
but with the change of the environmental legis-
lation this will be prohibited or unrecom-
mended. As the titanium is igniting at cutting 
speeds of more that 20-25 m/min in dry condi-
tions, the solution is to drill with minimal quan-
tity of lubricant (MQL) internally through the 
drill. 
The temperature measurement while drilling is 
a serious problem for the cutting industry be-
cause of the difficulty to make in situ measure-
ments. One solution is using a drill-foil thermo-
couple [3]. The use of this method allows ob-
taining the temperature distribution along the 
cutting edge of the drill. Thermocouples have 
been also used to measure the temperature. In 
some cases thermocouples have been inserted 
in the workpiece [4] and in other works they 
have been inserted in the drill [5].  

From the analytical point of view: the drill ge-
ometry leads to a variation in the cutting angles 
and the cutting velocity along the cutting edges.  
Few workers have studied this process. Some 
of them were interested on the drill geometry; 
they proposed geometrical models based on 
the drills grinding parameters as Tsai [6] and 
Hsieh [7]. Others proposed models to predict 
the torque and thrust based on mechanistic and 
experimental approaches as Galloway [8] and 
Oxford [9] or analytical approaches like Ar-
marego [10] and Watson [11]. However, in 
these works, the geometrical description is lim-
ited to classical twist drill or bevel ground drill. 
Moreover, the machining of titanium alloys 
needs a new generation of drills with curved 
cutting lips and a thinned chisel edge, Figure 1. 
An analytical description based on a mathe-
matical definition of tools faces and cutting an-
gles of these kinds of drills is here presented. 
This definition allows the determination of the 
inclination angle and the normal rake angle at 
any point of the cutting lips. In order to calcu-
late the thrust and torque the drill cutting lips is 
divided into a series of elemental oblique cut-
ting edges assumed to be linear and for which 
the cutting angles are assumed to be constant. 
The thermomechanical cutting model of Moufki 
and al. [12] is finally applied on each element 
and by summation the torque and thrust are 
calculated. 


