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Abstract. Nowadays micro hole drilling is more and more applied machining operation. Because of 
less than 1 millimeter diameter, and of the relatively high thrust force, micro drills are more easily 
break than conventional ones. In this paper the experiences of micro drilling tests are summarize in 
order to demonstrate that measuring thrust force is efficient way to recognize the tool breakage. In 
order to evaluate the micro drill breakage monitoring method the authors carried out experimental 
measurements varying the cutting conditions, too.  

Introduction 

Machining micro holes became widely required technology in manufacturing industry. In various 
fields of production like in electronics, in micro injection moulding or manufacturing of car engines 
and of medical instruments demand machining holes in micro range that faces the manufacturer to 
big challenge. Micro drilling is one of the most efficient, high accuracy and economical machining 
options for manufacturing holes in diameter range below millimetre. 

Monitoring of tool breakage or tool condition in micro drilling gained extraordinary importance 
because the state of the cutting edges cannot be observed, and because of the very small diameter of 
the tool the cutting force can easily deform it that leads early tool breakage. 

 
The machining conditions during micro drilling are hardly comparable to the macro drilling that 

was widely investigated. The micro drilling has several altering phenomena and we did not 
conclude the results based on macro experiences. There are many additional influencing parameters 
such as very high spindle revolution (between 10 000 -120 000 rpm), the stability of the spindle, the 
high cutting forces as the consequence of relative big edge radius (see figure 1) [1, 2, 3]. 

 

Figure 1   Elastic deformation in micro-machining as the consequence of the 
low chip thickness - edge radius ratio 
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The fracture phenomena of micro drill was described by Kudla[4]. In his research the origins of 
forces (shearing, friction, chip formation) and different forms of the fracture were investigated 
experimentally. In Fig. 2 the different origins and explanations of the cutting force components are 
shown and he measured the effect of these components separately. As the reasons of tool fracture 
the excessive torsion, bending or buckling were nominated, and recognition of the main factor in 
each cases – the paper suggested – would be possible only shape and deformation of the remaining 
cutting part after breakage. 

 

 
Figure 2   Different sources forming the cutting force [4] 

 
Monitoring of prefailure phase and detection of tool breakage in the case of micro drilling were 

introduced in [5]. In that paper, high tool wear (wear on chisel edge) was identified as the main 
reason of the breakage that caused the buckling of the tool. For monitoring the breakage (or the 
effects of the increasing wear) measurement of thrust force, average motor current of spindle or  AE 
signal envelop were suggested. 

In our research we focused on the effects of the different cutting condition to the tool breakage. 
We measured the cutting force components varying the cutting parameters (the cutting speed and 
the feed), changing the tool and later we plan to investigate the effect of the different workpiece 
material, too. 

Design of experiments 

To prepare the dataset parameters for drilling experiments we selected the Box-Wilson Method 
of the Design of Experiment varying the cutting speed, the feed and the drill. Both cases of the tools 
we used full factorial 22 DoE, the parameters are randomly repeated 3 times. Table 1 shows the 
applied cutting parameters and the data of the tools. In order to improve the drilling quality pilot 
holes were used. Previous measurements convinced us that the position and form accuracy may be 
improved in that way [6]. We did not used cooling, based on our experience it influences the 
measured force that is in the case of micro drilling varied around some or some tens of N. 3 drilling 
strategy were tried, (1) drilling holes in one step (without moving out the tool from the hole step by 
step); (2) peck drilling with 1D step and (3) peck drilling with 0.5D step. In actual investigation the 
workpiece material was aluminium (AlMg4,5Mn), in later research the material will be also varied, 
stainless steel and tungsten are planned to drill. 

Signals are acquired using a Kistler 9257B type 3 component dynamometer; the charge amplifier 
was also a Kistler type 5019B. Data acquisition system contains the National Instruments 6024E 
DAQ Card and LabVIEW software. Sampling rate of the data acquisition was 1000 Hz. The micro-
drilling experiments running on a high stiffness Hembrug Slantbed Microturn 50 (Fig. 3) that is 
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equipped with a high speed spindle (max. 120 000 rot/min, P = 1,2 KW). The positioning accuracy 
of this machine tool is within 100 nanometer, and because of the granite bed the damping and heat 
resistance is very good. An optical vision system (Dino-Lite AM3013T with DinoCapture 2.0) was 
used to measure the wear each time when an experiment was performed. Figure 4 illustrate the 
measuring environment.   
 

Table 1   Tool conditions during the experiments 

The tools 

Types 
Tool 

material 
L/D Diameter Picture of the tool 

Hartner 
DIN 1898-R-N 

HSS-E 6.8 0.5 mm  

SECO 
SD-26 

Cemented 
Carbide 

6.4 0.5 mm 

Cutting parameters 

 
rotation number of 

the spindle [1/min] 
feed per revolution [µm] 

Lower level value 5000 5 

higher level value 9000 8 

 
We needed to prepare the experiments very carefully, several difficulties arise by carrying out 

micro drilling, some of them are: 
− balancing the eccentricity of the tool, 
− alignment of the spindle axis and the workpiece face plane, 
− good quality and homogeneous workpiece material, 

Other challenges that suffer the measuring staff are to choose and install the data acquisition 
system because in micro machining the noise signal ratio regularly very high, good filtering is 
essential. The change of the signal caused by the tool wear and the noise level are sometime in the 
same order, the data processing must keep the relevant signal change. 

  

Figure 3   Hembrug machine tool Figure 4   Experimental environment 
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Experimental results 

Using the one step drilling strategy we observed that the thrust force is increasing as the drill cut 
deeper in the hole as Fig. 5 shows. The similar effect can be seen when we apply peck drilling, in 
these cases the thrust force of the steps increased (Fig. 6). This effect proved that the friction of the 
margin edges and the chip play important role in forming the thrust force. In the case of aluminium, 
that strongly adhesive material these phenomena became as important as the wear of the chisel edge. 

  

Figure 5   Thrust force vs time [ms] in one 
step drilling n=5000/min; f=5µm, Hartner 

drill 

Figure 6   Thrust force vs time [ms] in peck drilling  
n=5000/min; f=5µm, Hartner drill 

  

Figure 7  X force component vs time [ms] in 
one step drilling n=5000/min; f=5µm, 

Hartner drill 

Figure 8   X force component vs time [ms] in peck 
drilling n=5000/min; f=5µm, Hartner drill 

   Figures 7 and 8 show that waving of the axial force starts after removing the tool from the hole in 
both cases, that is the effect of the difference between the axis of the hole and the spindle. This 
difference may be caused by the pilot hole. This difference may origin from the run out of the tool 
when the starting of the drilling causes the alteration of the hole position. You can also recognize 
the significant difference in average values of the two cases that demonstrates how important effects 
are these mentioned sources of the radial force from the point of view of tool breakage. 

  

Figure 9 Thrust force vs time [ms] in one step      
drilling n=5000/min; f=5µm, breakage, Hartner 

Figure 10   Thrust force vs time [ms] in peck 
drilling n=5000/min; f=5µm, breakage, Hartner 

N 
N 

N N 

N N 

Thrust force Thrust force 

Thrust force Thrust force 
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The effect of tool breakage can be clearly recognized on Fig. 9 and 10, in both cases the sudden 
jump of the thrust force marks the breakage. This increasing value caused by the breakage does not 
depend on machining parameters, Fig. 11 shows the thrust force measured when the feed increased 
to 8 µm/rev. The different strategy does not influence this behavior as we can see comparing the 
Fig. 9, 10 and 12. 

 

  

Figure 11   Thrust force vs time [ms] in peck 
drilling n=5000/min; f=8µm, breakage, Hartner 

drill 

Figure 12   Thrust force vs time [ms] in peck 
drilling n=5000/min; f=5µm, half step, 

breakage, Seco drill 

  
Figure 13   X force component vs time [ms] in 
peck drilling n=5000/min; f=8µm, breakage, 

Hartner drill 

Figure 14   X force component vs time [ms] in 
peck drilling n=5000/min; f=5µm, half step, 

breakage, Seco drill 
 
Fig. 13 and 14 well demonstrate that this consequent change cannot be observed in the cases of 

the other force components, there is example when the sudden increase does not occur (Fig. 13).  
You can see the drilled hole in normal case and after breakage on Fig. 15. The adhesive 

phenomenon of aluminium material can be seen on Fig. 16, where the drilled chip remained in the 
flute of the twist drill. 

Conclusions 

The test machining we carried out convinced us that measuring the thrust force is a possible way to 
recognize or to monitor the tool breakage in the case of micro drilling. As the consequence of the 
fracture a sudden force jump can be observed, and just before this jump the force level starts to 
increase gradually; this phenomenon may be used to predict the fracture however this predictive 
strategy must be proved and evaluated. 

Based on our experimental results the change of the thrust force is the consequence of the tool 
breakage, and it does not depend on the tool material, on the machining parameters and on the 
drilling strategy (one step or peck drilling). This force change cannot be clearly recognized in the 
cases of the other force components.  

N N 

N N 
Thrust force Thrust force 
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In order to improve the form and positioning accuracy we used pilot holes that resulted little 
difference between the axis of the drilled hole and of the spindle. This difference may also increase 
the chance of the tool fracture.  

In the future further experiments are planned to investigate the effect of the workpiece material, 
and we will carried out our drilling tests without pilot holes. A new focus in our investigation is 
measuring the tool wear and determining the correlation of tool wear and breakage.     

  

Figure 15   Drilled hole after a normal 
machining and after tool breakage 

Figure 16   The micro drill after machining with the 
remaining chip in the flute of the twist drill 
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