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The impact of selected cutting parameters (cutting speed and 
cutting feed) on the torque and cutting force during drilling 
gray cast iron EN-GJL-250 was analyzed. The drilling opera-
tion was carried out by Allied Machnie drill series: 
DEM22000S-20FM, on the Hermle B300 vertical milling center. 
The measurement of the torque and the cutting forces during 
drilling was carried out by Kistler device. 
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grey cast iron 
 

Drilling is the most efficient method of shaping holes in 
comparison with, for example, milling and turning. The holes 
are made with monolithic drills or assemblies. During the 
process, the forces and cutting moment are observed on the 
workpiece and directly on the tool, and as a result - on the 
machine spindle. There is a limit diameter for a given drill 
geometry due to the machine spindle load and due to the 
strength properties of the material of the workpiece, where it 
is possible to make a hole in the full material. To reduce the 
load on the spindle, holes with smaller diameters are most 
often made, and then a hole with a larger diameter is 
created in the drilling operation [1]. 

In addition, the method of fixing the material must be 
taken into account. When using three-point or six-jaw self-
centering chucks, there is a risk of rotating or pushing the 
workpiece in the mounting bracket. Due to this, during 
drilling tests, there is a need to monitor the force and the 
moment of cutting. 

The value of the moment and cutting force is influenced 
by: cutting parameters (i.e. cutting speed, feed rate), as well 
as drill geometry, wear and properties of the material being 
processed [2, 3]. Consumption depends on the amount of 
heat generated in the cutting process as a correlation 
between friction factors and cutting force [4]. 

To reduce the temperature in the cutting zone, cooling 
and lubricating liquids are used [5]. They are supposed to 
remove chips from chip flutes, eliminate the formation of 
rotor on the tool's edge, reduce coefficient of friction and 
remove heat from the cutting zone [6]. 
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An additional phenomenon occurring during the making 

of through-openings is the emergence of a deflection [7]. 
All these factors affect process productivity, tool life, 

dimensional and dimensional accuracy [8, 9] and 
parameters of the geometric structure of the objects 
produced [10, 11]. 

 
Research methodology 

 
The purpose of the research was to determine the 

influence of cutting parameters – i.e. cutting speed vc and 
feed fn - at the cutting moment Mc and the feed force Ff. In 
addition, the characteristics of the torque and shear force for 
drilling the hole were compared: 

• without feeding a cooling liquid, 

• using a liquid applied in a flooded manner, 

• with cooling by a tool under 40 bar pressure. 
The values of the machining parameters were selected 

on the basis of the manufacturer's recommendations and 
additionally extended. The range of the feed rate was 
selected in the range from 0.15 to 0.25 mm/rev at 0.01 
mm/rev. The cutting speed varied from 60 to 110 m/min with 
a step of 5 m/min. The tests were carried out on the Hermle 
B300 vertical milling center. 

 

 

 

Fig. 1. Stand for measuring the moment and cutting force during 
drilling 
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Drilling was carried out with a folding drill Allied Machnie 
DEM22000S-20FM, equipped with a 450H-14 plate with a 
diameter of 14 mm, with an angle λs = 0°. The 138° tip angle 
plate was made of HSS material, covered with the 
company's Super Cobalt AM200 coating. The cutting torque 
and feed force were examined using the Kistler 8152A1 
drilling dynamometer. 

Fig. 1 presents the research stand used during the 
experiment. The maximum values of cutting moment and 
force were determined for all tests. The workpiece was a 
sample in the shape of a cylinder with a diameter of 23 mm 
and a height of 25 mm, made of cast iron EN-GJL-250 (Rm 
= 250÷350 MPa, 180÷220 HB) with graphite in the flake 
form. 

 
Test results 

 
Fig. 2 shows the influence of feed per revolution on the 

maximum feed force. The graph shows that the cutting force 
increases with the feed value. This is due to the increase in 
the cross section of the chip, which is shaped during one 
revolution of the cutting tool, and to the increase in the 
length at which the drill interacts in a plastic manner for the 
material during one revolution. 

The minimum value of the feed force was noted for the fn 
= 0.15 mm/rev force and it was Ff = 1355 N, whereas for the 
feed fn = 0.25 mm/rev the force value almost doubled: Ff = 
2862 N. Speed cutting was fixed at a constant level of vc = 
85 m/min. 

 

 

 

Fig. 2. Value of the feed force Ff in the feed function per revolution 
fn for the cutting speed vc = 85 m/min 

 
Fig. 3 shows the influence of the cutting moment in the 

feed per revolution function. In this case, there is also an 
upward trend in the cutting moment as the feed increases. 
In some cases, the value of the cutting torque decreased 
with increasing feed. This may be due to the heterogeneous 
structure of the material. The smallest value of the moment, 
Mc = 7.4 Nm, was recorded for the sample made with the fn 
= 0.15 mm/rev, while the highest value of Mc = 13 Nm was 
obtained for fn = 0.24 mm/rev. 

Fig. 4 shows the influence of cutting speed on the value 
of feed force during drilling. The graph shows that the feed 
force tends to decrease as the cutting speed increases, 
which results from the increased process dynamics. The 
cutting tests were carried out with a constant feed fn = 0.2 
mm/rev. The highest value was recorded for vc = 60 m/min 
and it was Ff = 2348 N, while the smallest value, Ff = 1824 
N, was recorded for vc = 105 m/min. 

 

 

 

Fig. 3. Cutting moment value Mc in feed function per revolution fn for 
cutting speed vc = 85 m/min 

 

 

 

Fig. 4. Value of the feed force Ff as a function of the cutting speed 
vc for the feed per revolution fn = 0.2 mm/rev 

 
Fig. 5 shows the influence of cutting speed on the cutting 

torque values. There was no noticeable trend defining this 
impact. In the entire tested range the torque value varies 
from 9 to 11.5 Nm. 

 

 

 

Fig. 5. Cutting torque value Mc in the cutting speed function vc for 
feed per revolution fn = 0.2 mm/rev 

 
In addition to the influence of cutting parameters, i.e. 

speed and feed, on the moment and cutting force, the 
influence of the methods of feeding the cooling and 
lubricating liquid was examined. In the first case, a cutting 
test was carried out without liquid feeding. Drilling was then 
carried out with liquid delivery in a flooded manner. The third 
attempt consisted in supplying a cooling-lubricating liquid 
through channels made in the tool body. The pressure value 
provided by the supply system is 40 bar. 

Fig. 6 shows how the coolant-co-lubricant liquid or its 
lack affects the feed force during drilling. All tests were 
carried out with the same cutting parameters, i.e.: vc = 85 
m/min, fn = 0.15 mm/rev. In the first case, i.e. during 
processing without liquid feed (blue color), the highest feed 
force values were noted. The largest value is Ff = 1355 N. 
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In the second processing option, i.e. using the liquid 
applied in a flooding manner (red color), the value of the 
feed force is significantly lower. Its maximum values were 
noted at the beginning and end of the drilling process. In the 
remaining part, the value of the force stabilizes. The 
maximum recorded value is Ff = 988 N, which is 73% of the 
force value in the case of machining without the application 
of a cooling liquid. 

In the last analyzed variant - with the application of liquid 
through the body of the tool (green color) - the smallest 
value of force Ff = 888N was noted. No noticeable sharp 
jumps in the cutting force were noted at the beginning and 
end of the drilling process. During drilling, the strength 
shows an upward trend. 

 

 

 
Fig. 6. Effect of cooling on the course of feed force for vc = 85 
m/min, fn = 0.15 mm/rev 

 
During all tests, three basic stages of forming the hole 

are visible. The first in which force and moment grow, which 
is responsible for starting the drilling process until reaching 
the depth at which the drill works with the entire diameter. 
The second stage, stabilized torque and cutting force, which 
results from the stabilized work of the drill blades. The third 
stage, in which the moment of the moment and the cutting 
force is noticeable, connected with the end of the drilling 
process and the exit of the drill from the hole. 

In addition to the force value, the cutting moment was 
measured in parallel (fig. 7). 

 

 

 
Fig. 7. Effect of the cooling type on the maximum cutting moment 
for: vc = 85 m/min, fn = 0.15 mm/rev 

 
The lowest value of the moment during the drilling 

process with full engagement of the cutting edge was noted 
for the variant without the use of machining liquids. The 
highest values of torque were noted at the start and end of 
the hole formation. When the liquid is fed in a dependent 
manner, the moment has the greatest value in the first 
phase of forming the hole. At the final stage of drilling, the 
cutting torque is almost identical to that for drilling without 
the application of a cutting fluid. This phenomenon is 
caused by the fact that at this depth liquid access to the 

cutting zone is hindered, which makes drilling conditions 
similar. 

When the tool is cooling by the tool, the moment is lowest 
in the initial machining phase. Then it grows and in the 
fourth second it reaches its highest value. This may be due 
to chips getting between the wall of the shaped hole and the 
body of the tool. 

 
Conclusions 
 

On the basis of the results of the momentum and cutting 
force tests for the single described case of EN-GJL-250 iron 
drilling, the following conclusions were made: 

• cutting moment and feed force during drilling show an 
upward trend as the feed per revolution increases. This 
phenomenon is caused by the increase of the cross-section 
of the chip and the increase of the section in which the drill 
interacts plastically with the material to be processed, 

• increase in the cutting speed causes a decrease in the 
feed force, 

• feeding of the cutting fluid affects the cutting force; the 
smallest value was noted when feeding the cutting fluid 
through the tool body; in the case of flooding of liquids, the 
maximum cutting moment is 73% of the feed force for 
processing without cooling, 

• when forming the hole above 1.5 D no significant 
difference was noted at the time of cutting with and without 
cooling; this is due to the difficult access of liquids to the 
cutting zone, 

• when cutting the machining fluid through the tool body, 
lower cutting torques were recorded at the beginning and 
end of the cutting process; in this course there is a 
characteristic point of increase in the cutting moment, which 
may correspond to the ingress of chips between the wall of 
the formed hole and the body of the tool. 
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