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ABSTRACT
Holes in metal matrix composites can be created by unconventional
techniques such as EDM or laser drilling. However, these methods do not
guarantee the quality of the holes, the production efficiency. The work
carried out conventional drilling studies of aluminum matrix composite
reinforced with ceramic fibers and the nonreinforced matrix. The tests
were made dry and under conditions of minimum quantity lubrication
(MQL) of the cutting zone. Oil mist was applied external. The measured
and observed machinability indicators were surface roughness, cutting
force, hole shape error, and chip shape. It was found that the use of oil mist
in drilling improves the shape quality and surface of the holes. The positive
effect of lubrication decreases with increased drilling feed. Oil mist slightly
reduces cutting resistance and does not change the shape of the chips. It is
shown that by drilling holes in aluminum matrix composite under
conditions of minimal quantity lubrication, it is possible to achieve such a
quality that it is possible to eliminate roughing. An additional advantage
of using oil mist is a smaller dispersion of test results, which shows that the
treatment with minimal lubrication is more stable.
© 2021 Published by Faculty of Engineering

1. INTRODUCTION
Currently, the use of conventional materials, such
as aluminum alloys in the manufacture of means of
transport , becomes inefficient [1]. The answer to
the high demands to construction materials can be,
for example, composites. Composites are divided
according to the matrix material into three groups:
metal-matrix
composites,
polymer-matrix
composites, and ceramic-matrix composites [2].
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Among metal matrix composites the ones based on
aluminum are widely used in the many industries,
including aerospace industry [3]. The reinforcing
material in these composites is usually a ceramic
compound, e.g. SiC and Al2O3, and graphite, in the
form of particles or fibres [4]. First, a composite
needs to be produced using powder metallurgy or
casting [5]. Then, through machining, the
composite is endowed with appropriate final
dimensions. The main problem during machining is
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the abrasive action of the reinforcement, resulting
in high tool wear. According to the literature on the
subject, a long useful tool life can be ensured
through the use of expensive tools made of
polycrystalline diamond (PCD) [6]. Another
problem in the drilling of holes is posed by
delamination, mainly of polymer composites, which
can also occur (in the form of burrs) in the drilling
of metal matrix composites [7]. Another problem is
meeting the high quality requirements concerning
the dimensions, shape, and surface roughness of
holes and the absence of surface and near-surface
defects. For this purpose such variables as: tool
material, tool geometry and cutting parameters
must be carefully matched. Research shows that in
order to minimize drilling forces, surface
roughness, tool wear, and burr size in the
machining of the most popular composites, a
minimum feed rate and a possibly high cutting
speed should be matched up. From the above
parameters, the feed rate is most closely correlated
with the machining effects [8]. This correlation
does not change with the diameter of the drilled
hole [9]. Cooling and lubrication conditions have a
particularly strong effect on the drilling of
composites. Since these conditions play a
significant role, they should be precisely designed.
Basically, dry drilling can be carried out, but the tool
life and the quality of the hole are not satisfactory.
Therefore, a machining fluid should be used [10]. In
many branches of industry, immersion lubrication
is used, but this increases manufacturing costs and
poses difficulties in the disposal of the wastes,
which are not friendly to the environment. Various
innovative lubrication and cooling methods, for
example minimum quantity lubrication (MQL) and
cryogenic cooling, are used to effectively reduce
temperature, which intensifies build-up and thus
increases cutting forces, tool wear, and surface
roughness [11]. Research shows that the use of
these methods reduces the delamination of
polymer matrix composites and improves the
roundness and roughness of the drilled holes while
increasing tool life [12]. However, other studies
showed that the use of MQL could contribute to the
delamination of polymer composites [13]. This was
due to the brittle cracking of the fibres and to the
fact that oil mist, instead of forming a protective
film, would penetrate to the place of contact
between the fibres and the matrix, filling all the
voids in the bond between the composite’s
components. Such problems are not encountered in
the machining of aluminum-matrix composites.
The work [14] investigated a nanocomposite based

on 7075 aluminum alloy. Tests were carried out dry
turning and with minimal lubrication. A positive
effect of the use of MQL has been observed.
Machining under oil mist lubrication conditions
contributed to a reduction in the forces generated
during machining, as the lubricant, even when fed
in small quantities, helps to reduce heat and
friction. The preferred condition for achieving
minimal surface roughness when machining
aluminum matrix composites is a low feed rate
combined with a high cutting speed and the MQL
environment [14]. Drilling of the aluminum alloy
2024-T351 with the use of MQL, dry and with air
cooling was investigated in [15]. In the drilling tests,
uncoated tungsten carbide drills with a diameter of
4mm and a point angle of 135 ° were used. The oil
mist was fed internally. It has been noticed that the
oil mist does not facilitate the evacuation of chips,
and therefore the temperature near the outer
corner is higher. On the other hand, the
temperature difference between the center and the
outer corner of the drill in MQL drilling is lower
than in dry and air-cooling environments. MQL also
reduces the build-up edge. Articles [16,17]
investigated the effectiveness of using external
MQL lubrication when drilling holes in magnesium
alloys. In [16], dry drilling was compared with flood
cooling and two types of MQL. These were a
distilled water spray known as H2O-MQL and a fatty
acid-based agent. The maximum temperature
generated in the workpiece during MQL drilling did
not exceed that produced during flooded drilling.
Due to this, there was no intense build-up. This
resulted in a lower drilling force and torque when
drilling with MQL compared to dry drilling. In [17],
the UNS M11917 alloy was tested. The tests were
carried out using two HSS drills with a point angle
of 118o and 135o. The cutting data selected were
low to prevent ignition of the chip. It was found that
during dry drilling it is possible to obtain a low
roughness of Ra = 0.9µm. However, the use of an oil
mist allows the roughness to be reduced even to Ra
= 0.13µm. The angle of the apex also has a
significant influence. The smaller the one, the better
the roughness. In [18] the lubrication efficiency of
MQL in the drilling of the Ti6Al4V alloy was
assessed. They were compared with flood cooling
and air cooling. It was found that the lubrication of
MQL with synthetical grease or palm oil allows the
reduction of the cutting forces and the increase of
the service tool life in relation to dry machining. The
positive impact was assessed at a level similar to
that in the case of flood cooling. Furthermore,
surface roughness can be effectively improved
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during the treatment of the Ti6Al4V alloy by using
oil mist [19]. Reduced cutting forces and roughness
due to the use of MQL in comparison with dry
drilling can be achieved not only when machining
light alloys or composites, but also in stainless
steels drilling [20].
If tool wear is high and drilling cannot be used,
laser and electrical discharge machining (EDM)
can be employed to make holes in composites.
These techniques offer several advantages, the
main being no expensive tool wear. But they also
have certain limitations. Similarly as in
conventional machining, appropriate machining
conditions must be adopted for EDM in order to
obtain satisfactory hole quality and good
machining efficiency. Research shows that
electrical discharge drilling (EDD) ensures better
machining conditions and is more stable than
EDM [21]. In the case of rotary electrical
discharge drilling, the parameters having a
bearing on the efficiency of the process are: peak
current, tool polarity and tool rotational speed
[22]. Copper electrodes ensure the highest
efficiency while brass electrodes ensure the
lowest hole roughness [23]. Laser drilling seems
to be an ideal method for making small-diameter
(up to 1mm) holes. Depending on the hole’s size
and shape and the quality requirements, four
kinds of laser drilling are used in industry, i.e.
spiral drilling, trepan drilling, single-pulse
drilling and percussion drilling. Each of the
techniques has its advantages and disadvantages
and its application depends on the efficiency and
hole quality requirements and whether the
particular kind of laser can actually be used [24].
It has been demonstrated that millisecond pulse
lasers can be used to drill holes in aluminum
matrix composites, obtaining acceptable quality
of the holes. It has also been found that the
efficiency of this process is higher than in the case
of drilling in metals and alloys [25]. Considering
that electrical discharge and laser machining can
make the reinforcement crack in both the surface
layer and deeper inside the material if excessively
high machining parameters are set, ways of
avoiding this adverse effect are sought. In the
case of laser drilling, the use of argon as an
auxiliary gas makes it possible to minimize the
thickness of the altered surface layer and at the
same time to improve the shape of the hole [25].
Analyzing the literature sources, it can be noticed
that making holes in composite materials is
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difficult, especially under dry machining
conditions. During the process delamination
occurs, creates built-up edge and burrs
deteriorate the quality of the holes. The
reinforcement is abrasive to the blade and wears
it down. Unconventional methods of drilling
holes are known and investigated. Despite their
increasing share, conventional drilling remains
the main method of making holes in composite
materials, especially larger-diameter holes. The
literature shows that the efficiency of drilling
holes can be increased by using flood cooling, air
cooling as well as MQL cooling. Compared to flood
cooling, the MQL method is more ecological and
should be constantly developed. In the literature,
there are studies on the effectiveness of the use of
MQL in machining, including drilling, titanium,
aluminum, magnesium alloys and polymer
composites. However, there is a lack of extended
and comprehensive research on drilling
aluminum composites under MQL lubrication
conditions. The above were the reasons for
undertaking the research presented in this paper.

2. MATERIALS AND METHODS
Two materials were subjected to tests. The first
of them was an aluminum matrix composite
reinforced with long ceramic fibres. The second
(comparative) material was the aluminum alloy
constituting the matrix of the composite. It was
alloy AlSi9Mg which belongs to complex casting
aluminum-silicon alloys (silumins) [26]. Silicon
lowers hot brittleness and improves castability
while the magnesium addition enables
precipitation hardening. Owing to this AlSi9Mg is
suitable for solution heat treatment and ageing
[27]. Moreover, this material is characterized by
good resistance to corrosion and to the action of
seawater [27]. It is also characterized by very
good weldability and machinability [27].
Saffil ceramic fibres are one of the materials most
often used to reinforce aluminum-matrix
composites [28]. They are composed of Al2O3 (9697%) and SiO2 (3-4%) [29]. They belong to a
group of high-strength materials as they are
characterized by good resistance to high
temperatures, high tensile strength and a high
modulus of elasticity [30]. The properties of Saffil
fibres are presented in table 1. These are
approximate values and can differ depending on
many factors, e.g. on the manufacturing method.
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Table 2. Properties of LB 5000 oil used to generate
an oil mist.

LB
5000
oil

Solubility
in water

The tested composite was produced by squeeze
casting. The process was divided into two stages.
First a Saffil fibre block was created by mixing Saffil
fibres with a silica binder, pouring the mixture into
a mould, filtering off the solution, drying the profile
with hot air and firing it at the temperature of
950C. Then the ceramic block was infiltrated with
liquid metal as follows: the heated up to 700C
block was placed in a mould and liquid aluminum
was poured over it, then pressure was exerted onto
the surface of the metal by means of a ram. The ram
and the mould containing the block were heated up
to the temperature of 150-300C. In this way an
aluminum composite characterized by good
properties was obtained [29]. The HB hardness of
the obtained composite is 50% higher, its tensile
strength Rm as much as 60% higher and offset yield
point R0,2 is 40% higher in comparison with the
matrix material. Moreover, the composite is four
times more abrasion resistant than the matrix.
Figure 1 shows a metallographic polished section of
the tested composite.

Stickines in
40°C

1600

Flash point

122

The test stand was equipped with an Accu-Lube
Minibooster for MQL. The cooling-lubricating
fluid in the form of aerosol was externally fed by
one nozzle situated close to the drill bit. The air
operating pressure was 7 bar and the fluid flow
rate was 180ml/h. An oil with the designation Lb
5000 was used to generate an oil mist. This oil can
be used for medium to heavy machining of all
materials. Its properties are shown in the table 2.
The drilling stand with the oil mist feed nozzle is
shown in figure 2.

Solidification
temperature

300

metals, mainly titanium and tungsten, sintered
with cobalt as a metal binder. The coating had a
thickness of 5-10 µm according to the drill
manufacturer's data. Three cutting speeds: vc =
11, 22 and 44m/min and four feed rates: f = 0.05,
0.075, 0.112 and 0.17mm/rev. were adopted.

Density
[kg/m3]

6.9

Durable up to
temperature [⁰C]

Compressive
strength
[GPa]

1.8

Rigidity modulus
[GPa]

Tensile strength
[GPa]

3.7

Young’s modulus
[GPa]

Density [g/cm3]

Table 1. Properties of saffil fibres [30].

850

5°C

190°C

18

no

The feed forces and the cutting torque were
measured during the machining process. The
measuring circuit consisted of a KISTLER 9257A
piezoelectric force gauge, a KISTLER 5011
electric signal amplifier and a Tektronix TDS
5054B oscilloscope.

Fig. 1. Metallographic polished section of tested
composite.

Drilling tests were carried out using a Csepel RF
50/1250 radial drilling machine. Holes were
drilled with a  9.9 6537 VHM TiAlN drill bit. The
drill bit was made of carbides of refractory

Fig. 2. Drilling stand with external oil mist feeding.

The quality of the drilled holes was assessed
through measurements of shape (roundness)
errors and surface roughness. Roundness was
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measured by means of a Taylor Hobson Talyrond
265 device (fig. 3). A Mitutoyo Surftest SV-3200
roughness meter (fig. 4) was used to measure
surface roughness.

Fig. 3. Taylor Hobson Talyrond 265 for measuring
shape errors.

obtain five roughening sample cut-offs a
measuring length of at least 12.5 mm would be
needed, the 2.5 mm filter could not be used. Each
hole was measured in three places, rotating the
sample by 120. Measurements were taken at a
distance similar to the beginning of the hole.
Figures 5 and 6 show the surface roughness
measurement results for the holes drilled in the
tested composite with MQL of the cutting zone and
without the use of machining fluid. It appears from
the bar charts that the use of oil mist clearly
reduces the surface roughness of the holes drilled
at a low feed rate. During dry drilling at a feed rate
of respectively 0.05mm/rev. and 0.075mm/rev.
and at a cutting speed of respectively 11 and
44m/min very high Ra values of up to 10 μm and
Rz values of up to 50μm were obtained. The high
values could be due to build-up formation during
drilling. Even though the composite material is
harder than the matrix and as the surface layer of
the composite is being machined build-up
formation is less intensive than during aluminum
separation, build-up was observed during the
tests. This adverse phenomenon was limited
through the use of oil mist during drilling. The
largest reduction in roughness Ra amounted to
65% and in Rz to 62%. The positive effect of MQL
decreases with increasing feed rate. For the
adopted highest feed rate of 0.17mm/rev. similar
or even higher roughness values were obtained for
the holes drilled with MQL as for dry drilling.
Thanks to the use of oil mist the drilling process
stabilizes. The scatter of roughness measurement
results after such machining is much smaller than
after dry drilling.
16
14

3. RESULTS AND DISCUSSION
The 2D roughness measurements were carried
out along a measuring length of 4.8mm. To
separate roughness from surface undulations and
shape errors, the measured surfaces were filtered
by means of a Gaussian filter with a cut-off of 0.8
mm. This filter was selected consistent with the
assumed surface roughness. If higher roughness
is expected, a 2.5mm filter should be used. Since
blind holes with a small depth were drilled and to
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dry drilling

12

drilling with MQL

10

Ra [μm]

Fig. 4 Mitutoyo surftest SV-3200 for measuring
surface roughness.

Composite Ra (f,vc) after drilling

8
6
4
2
0

11

22

f [mm/rev], vc [m/min]

44

Fig. 5. Surface roughness Ra versus feed rate f and
cutting speed vc after dry drilling and MQL assisted
drilling of aluminum composite material.
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Composite Rz (f,vc) after drilling

60

dry drilling

drilling with MQL

Rz [μm]

50
40
30
20
10
0

11

f [mm/rev],22
vc [m/min]

44

Fig. 6. Surface roughness Rz versus feed rate f and
cutting speed vc after dry drilling and MQL assisted
drilling of aluminum composite material.

A comparison of the roughness measurements
for the dry drilled holes in respectively the
composite and the aluminum alloy (figs. 7 and 8)
shows that the aluminum holes are rougher.
16
14

Ra [μm]

12

Ra (f,vc) after dry drilling
composite drilling

aluminum drilling

10
8
6
4
2
0

11

f [mm/rev], 22
vc [m/min]

44

Fig. 7. Surface roughness Ra versus feed rate f and
cutting speed vc after dry drilling of aluminum
composite material and matrix alloy.
80
70

The surface roughness of aluminum and composite
holes drilled with the assistance of oil mist is
compared in figures 9 and 10. For lower feed rates
better roughness was obtained in the holes made in
the composite. As the feed rate increases so does
the roughness of the holes. The increase is higher
for the composite surfaces. Hence after drilling at
the feed rate of 0.17 mm/rev. both Ra and Rz values
were lower for the aluminum holes. This means
that unlike in the case of the aluminum composites,
MQL was observed to have a beneficial effect in the
drilling of the aluminum alloy at a high rate of feed.
10

Rz (f,vc) after dry drilling
composite drilling

8

aluminum drilling

50

Ra [μm]

Rz [μm]

60

The roughness increases with increasing feed rate
and decreasing cutting speed. For the speed of 11
m/min and the highest feed rates the Ra and Rz of
the aluminum holes are as much as twice higher
than those of the composite holes. This is due to a
considerable difference in the hardness and
plasticity of the two materials, which, in turn,
contributes to their tendency towards adhering and
sticking to the tool point. Even a small build-up can
significantly increase hole surface roughness by
disturbing the separation mechanism, generating
vibrations and sticking to the surface of the hole
after breaking off the drill point. Such broken off
buildup also hinders the action of the drill bald
patch. For the speeds of 44m/min the differences in
hole quality are small and it is even possible to
obtain aluminum holes smoother than composite
holes. This can be explained by the fact that at this
speed the intensity of build-up formation during
the drilling of aluminum decreases, whereas the
abrasive action of the ceramic reinforcement
increases, which may result in the wear of the drill
point and in the deterioration of its cutting ability,
and consequently in the worse quality of the holes.

40
30
20

Ra (f,vc) after drilling with MQL
composite drilling

aluminum drilling

6

4
2

10

0

0

11

f [mm/rev], 22
vc [m/min]

44

Fig. 8. Surface roughness Rz versus feed rate f and
cutting speed vc after dry drilling of aluminum
composite material and matrix alloy.

11

f [mm/rev], 22
vc [m/min]

44

Fig. 9. Surface roughness Ra versus feed rate f and
cutting speed vc after MQL assisted drilling of
aluminum composite and matrix alloy.
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Rz [μm]

40

250

Rz (f,vc) after drilling with MQL
composite drilling

aluminum drilling

30
20
10

radial run-out [μm]

50

Composite radial runout (f,vc) after
drilling
200
150

dry drilling

drilling with MQL

100
50
0

0

11

22

11

44

f [mm/rev], vc [m/min]

22

44

f [mm/obr], vc [m/min]

Fig. 10. Surface roughness Rz versus feed rate f and
cutting speed vc after MQL assisted drilling of
aluminum composite and matrix alloy.

Fig. 12. Radial run-out versus feed rate f and cutting
speed vc for dry drilling and MQL assisted drilling of
aluminum composite material.

The quality of the holes and the necessity of
reaming them are determined not only by the
surface roughness, but also by the dimensionalshape accuracy. When assessing the possibility and
effectiveness of the MQL in the drilling of holes in
the composite, the roundness deviation of the holes
(fig. 11) and their radial run-out (fig. 12) were
measured. It was noticed that in the whole range of
machining parameters the deviation of the
roundness of the holes drilled with oil-mist
assistance decreased. This improvement varied.
For the feed rate of 0.17mm/rev. the reduction is
the smallest, amounting to maximum 25%. For
lower feed rates, an improvement of 60-70% was
achieved. In addition, the radial run-out of the holes
drilled with MQL was smaller. It appears from the
results that the use of oil mist considerably
improves the quality of the shape of the drilled
holes. In many cases, it was possible to abandon or
limit the rough reaming.

Figures 13-15 show the results of
measurements of the feed force during the
drilling of composite and aluminum holes. For
both materials, regardless of the lubrication
conditions, the force increases with the feed,
which is consistent with theory. No clear
influence of cutting speed was observed. At a
fourfold increase in cutting speed the feed
force values remain at a similar level. In the
whole range of the machining parameters a
slight beneficial effect of MQL on the feed force
value was observed for the drilling of the
aluminum composite. This effect was
particularly visible at the lowest feed rates.
The maximum reduction in the feed force
amounted to 20%. Unlike in the case of surface
roughness, no clear influence of MQL on the
scatter of force measurement results was
observed.

120

RONt [μm]

100

700

Composite RONt (f,vc) after drilling
dry drilling

600
500

drilling with MQL

Ff [N]

140

80
60

dry drilling

drilling with MQL

400
300
200

40
20

100

0

0

11

22

f [mm/rev], vc [m/min]

44

Fig. 11. Roundness deviation RONt versus feed rate f
and cutting speed vc for dry drilling and MQL assisted
drilling of aluminum composite material.
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Composite Ff (f,vc) after drilling

11

22

f [mm/obr], vc [m/min]

44

Fig. 13. Feed force Ff versus feed rate f and cutting
speed vc after dry drilling and MQL assisted drilling of
aluminum composite material.
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1000

Ff (f,vc) after dry drilling

composite drilling

aluminum drilling

Ff [N]

800

600
400
200
0

11

22

f [mm/obr], vc [m/min]

44

However, this applies mainly to the fluid fed
under high pressure. MQL can influence the
shape of the forming chips only to a small degree.
Tables 3 and 4 show photographs of chips which
formed during drilling at extreme speed and feed
rates. It is clearly apparent that the hardness and
plasticity of the machined materials has a marked
effect on the length of the chips. As expected, the
chips formed during the drilling of the composite
are much shorter.
Table 3. Chips forming during dry drilling and MQL
assisted drilling of aluminium composite.

Fig. 14. Feed force Ff versus feed rate f and cutting
speed vc after dry drilling of aluminum composite
material and matrix alloy.

700

composite drilling

aluminum drilling

500
400

vc=11 m/min
f=0.17mm/rev.

300
200
100
0

22

f [mm/obr], vc [m/min]

44

Fig. 15. Feed force Ff versus feed rate f and cutting
speed vc after MQL assisted drilling of aluminum
composite and matrix alloy.

A comparison of the feed force in the drilling of
the composite and the aluminum shows that
lower cutting resistances occur during the
drilling of the aluminum composite. The presence
of the hard reinforcement and the greater
hardness of the material do not pose such
difficulties in machining as the ductile and proneto-flow aluminum sticking to the tool point. The
differences in the feed force between the two
materials increase with increasing feed rate. The
differences were also due to the fact that the same
type of drill was used for drilling both the hard
composite and the plastic and soft material
constituting its matrix.
One of the indicators of the machinability of
materials are the chips forming during their
machining. The shape and length of chips can be
regulated by means of the machining fluid.

vc=44 m/min
f=0.05mm/rev.

11

vc=44 m/min
f=0,17mm/rev.

Ff [N]

600

Ff (f,vc) after drilling with MQL

Composite drilling
with MQL

vc=11 m/min
f=0.05mm/rev.

800

Composite dry
drilling

All composite chips are lamellar, broken and
short. Longer chips were obtained when drilling
aluminum. Additionally as the feed rate
increases, the aluminum chips change their form
from continuous to segmental. In addition, at
lower cutting speed, aluminum chips are thicker
and more compressed than composite chips. This
phenomenon can be explained by the differences
in the plasticity of both materials. For low cutting
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speed, the deformation of the material is slow and
the plasticity aluminum alloy has enough time to
deform. The situation is different in the case of
composite, where the ceramic reinforcement
fibers block the deformation of the matrix
material deformation. The effect of MQL is small.
Both, composite and aluminum chips have a
similar shape and length after dry and with MQL
drilling. It is possible that a higher oil mist flow
rate would have a stronger effect on the shape of
the chips. On the other hand, even during dry
machining the composite chips are short and do
not need shortening, but require only effective
removal from the hole being drilled. This removal
is essential since cut pieces of the reinforcing
fibres occur among the chips, which when in
contact with the machined surface could scratch
it and increase its roughness. Therefore, the best
method is to remove chips from drilling zone
with the center of the tool.
Table 4. Chips forming during dry drilling and MQL
assisted drilling of matrix of composite.

vc=44 m/min
f=0,17mm/rev.

vc=44 m/min
f=0.05mm/rev.

vc=11 m/min
f=0.17mm/rev.

vc=11 m/min
f=0.05mm/rev.

Composite dry
drilling

508

Composite drilling
with MQL

The tested material was a composite developed and
manufactured at Wroclaw University of Science and
Technology. Until now, machinability, including the
applicability of MQL, has been studied on the
example of turning [31]. The aim of this research
was to assess the possibility of using the minimum
quantity of lubrication of the cutting zone and to
determine the effectiveness of oil mist in the drilling
of holes in metal matrix composites using the
example of machining material developed at
Wroclaw University of Science and Technology. The
article confirms that dry drilling gives the
possibility of obtaining holes of average quality.
This is due to the high temperature that forms at the
cutting edge. In the works [15-18] it was shown that
the use of MQL effectively reduces the cutting
temperature in the machining of light metal alloys.
MQL acts as a coating agent, forming a thin film of
lubricant, preventing heat buildup through
reduction in friction. The effect is to reduce the
intensity of forming build-up on the edge and
cutting resistance. The quality of the holes
increases. Despite the small amount of liquid, the
chips become shorter. The problem is still to
remove them from the cutting zone. The positive
impact of MQL has been confirmed in this article on
the aspect of aluminum matrix composite drilling.
There was a reduction in surface roughness, shape
error, and drilling force compared to dry
machining. Moreover, it has been found that by
using the oil mist, it is possible to shorten the chips
when drilling the aluminum alloy being the matrix
of composite. All this makes MQL an excellent
method of lubricating the cutting zone in the
machining of difficult-to-cut materials.
4. CONCLUSIONS
The results of investigations into the drilling of an
aluminium-matrix composite reinforced with long
Saffil ceramic fibres have been presented. The aim
of this research was to assess the possibility of the
use of the minimum quantity lubrication of the
cutting zone and to determine the effectiveness of
oil mist in the drilling of holes in metal-matrix
composites. The surface roughness and shape
accuracy of the holes were the investigated
machining effects. Also the feed force was
measured and the form and shape of the chips were
appraised. For comparison, holes were drilled in
aluminium alloy AlSi9Mg constituting the matrix of
the composite. The effectiveness of MQL assisted
drilling in comparison with the dry drilling of
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aluminium alloys is still the subject of numerous
studies. The results presented in this paper extend
the knowledge on this subject. This research has
shown that:
- the use of oil mist markedly reduces (by as
much as 65%) the surface roughness of
holes drilled in the composite at a low feed
rate;
- the beneficial effect of minimum quantity
lubrication decreases with increasing feed
rate;
- an additional advantage of the use of oil mist
is the smallest scatter of surface roughness
measurement results;
- using MQL one can obtain surface roughness
Ra of 2μm, whereas in the case of dry drilling
the obtained minimal roughness Ra
amounted to 3μm;
- in comparison with the holes drilled in the
matrix material, the quality of the surface of
the holes drilled in the composite is higher;
- as the cutting speed increases, the
differences in surface roughness Ra and Rz
between the composite holes and the
aluminium holes disappear;
- in the whole range of the adopted machining
parameters MQL improves the shape quality
of the drilled composite holes;
- the beneficial effect of MQL on the
roundness deviation of the composite holes
decreases as the rate of feed increases; for
the feed rates of 0.05 and 0.075 mm/rev. the
improvement amounted to as much as 70%,
whereas for the feed rate of 0.17 mm/rev. it
amounted to 25%;
- the use of oil mist has only a small influence
(maximally 20%) on the feed force value
during the drilling of the composite and has
no influence on the scatter of force values;
- the force measured during the drilling of the
reinforced material was smaller than the
one measured during the drilling of the
aluminum alloy;
- MQL was found to have no effect on the form
of the chips produced during the drilling of
the composite.
The presented results are only part of a larger study
on the machinability of aluminum matrix
composites and the use of minimal lubrication of

the cutting zone. They show the effect of MQL only
when drilling at low cutting speed. In addition, only
the effect of external oil mist application was
investigated. In furthes tests, the range of used
cutting parameters will be extended, an internal oil
mist should be used and the influence of MQL on the
durability of the blades should be examined.
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