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Abstract

Aluminum alloy is a lightweight material with high strength-to-weight ratio, low thermal expansion, excellent castability and is applied
for heavy wear applications. Recent trends in machining research aimed for improving process and product performance by understand
the effect of different cooling/lubrication techniques on machining execution. The milling of A390 Al-Si alloy under dry and cryogenic
conditions was investigated and liquid nitrogen (LN2) was used as the cryogenic media. The experimental trial were performance with
cutting speeds at 250-350 m/min, feed rates at 0.02-0.04 mm/tooth, radial depth of cut at 12.5-25 mm, and the axial depth of cut was kept
constant at 0.3 mm using a coated carbide cutting insert. The results outcomes indicate, an application of cryogenic machining had im-
proved the surface roughness, and there was higher tool life as compared to dry cutting condition. The utilization of cryogenic cooling
technique had increased the tool life more than 50% and improved the surface roughness more than 40% as compared with dry condition.
It is suggested to the machining industry to consider the application of LN2 as the cryogenic media to have better machinability in ma-

chining A390 Al-Si alloy.
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1. Introduction

A390 is one of the hypereutectic Al-Si alloy that has strongly
recommended material for a certain types of automotive engine
components because of better wear resistance and good thermal
stability [1]. Excellent properties of A390 Al-Si alloy such as high
wear resistance, good corrosion resistance, good mechanical, good
physical properties and high thermal conductivity, are suitable for
automobile application. These properties are suitable for light-
weight components for example engine blocks, cylinder heads,
cylinder liners and wheel in the production of fuel-efficient vehi-
cles [2-4].

Cryogenic machining utilizing fluid nitrogen (LN2) as the coolant,
has been increment later for most recent two decades, and it keeps
draw incredible consideration from the researcher and present day
modern industries application. Machining is a metal cutting pro-
cess to archive the final dimension target of the part's fabrication
in order to full fill the parts functional required.

Recently many researchers have demonstrated that cryogenic
cooling do not only just keep up on the machinability improve-
ment, also needed to archive the dimensional target and geomet-
rical precision required. Subsequently, cryogenic cooling applica-
tion also possible to enhance the surface integrity criteria, for in-
stance improve surface finish, increase micro hardness, production
of nano-grains. Furthermore, enhancement of wear and corrosion
resistance, inducing compressive residual stresses in machined
surface layers, thus extending the fatigue life of the machining
parts [5].

In this paper the surface roughness and tool life will be examined
in the milling process of A390 Al-Si alloy by using cryogenic
cooling to assess the surface quality and acceptable cutting time.

The evolution of results obtained of cryogenic and dry machining
application have been made and compared.

2. Materials and Method

2.1. Machining Set-up

The machining experiments in both cutting conditions were con-
ducted on a CNC milling machine (Spinner VC 450, Germany).
This vertical milling machine has capability of achieving a maxi-
mum speed of 15,000 RPM. In utilized of cryogenic cooling, the
gas nitrogen (LN2) has been delivered into the machining area
using a nozzle at approximately 45° during the cutting process, as
shown in Fig. 1. The workpiece material used for this experiment
was A390 Al-Si alloy with dimensions of 125 x 50 x 50 mm and
hardness of 140 BHN. In order to ensure an accurate measurement
of the surface roughness and cutting time the original skin layer of
the workpiece material need to remove due to difference of hard-
ness at skin layer and inner workpiece. Table 1 shows the chemi-
cal element of the workpiece material used for this experiment. A
Sumitomo face milling cutter diameter 50 mm with two cutting
inserts was used to perform the experiments. The machining pa-
rameters and DLC coated cutting insert specifications were shown
in Table 2. Table 3 shows the experimental runs conducted in this
study. Fig. 2 shows the diamond like carbon (DLC) coated cutting
insert dimensions.
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Fig. 1. Experimental set up

Table 1: Chemical elements of A390 Al-Si alloy [8]

Elements Si Cu Mg Fe Ti P

% wit. 16.64 4.36 055 025 0.02 0.008

Table 2: Exp. parameters and DLC coated cutting insert specification

Items Value

Cutting speed (Vc)
Feed rate (Fz)

250, 350 m/min
004, 0.02 mm/tooth

Axial depth of cut (ap) 0.3 mm
Radial depth of cut (ae) 12.5, 25 mm
Nose radius (R) 0.2 mm
Thickness insert 3.58 mm
Rake angle 25°
Relief angle 11°
Rake length 12 mm
Wide length 7mm
Table 3: Experiment runs
Experiment  Cuttng Feedrate,f  Radial Axial depth
No. speed, Vc (mm/tooth)  depth of of cut, ap
(m/min) cut, ar (mm)
(mm)
1 250 0.02 12.5 0.3
2 250 0.02 25 0.3
3 250 0.04 25 0.3
4 350 0.02 12.5 0.3
5) 350 0.02 25 0.3
6 350 0.04 125 0.3
7 350 0.04 25 0.3
8 250 0.04 125 0.3

2.2. Measurement of Surface Roughness and Tool Wear

Surface roughness (Ra) was measured by using a Mitutoyo rough-
ness tester (model SJ-310). The surface roughness measurement
recorded at the starting of the machining process with the goal to
overcome the effect of tool wear. The measurements were carried
out three times of each machine surface, and the average value
were calculated. The tool wear measurements on the flank face
were taken for each run using Olympus SZ61 stereo measuring
microscope.
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Fig. 2. DLC coated cutting insert dimension

3. Experimental Results and Analysis

3.1. Analysis of Surface Roughness

Average value of surface roughness (Ra) on the machining surface
was measured under dry and cryogenic cutting condition. Fig. 3
shows the average of surface roughness results for each experi-
mentas.
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Fig. 3. Average of Ra for all test in dry and cryogenic machining

From the graph, it indicates that average surface roughness from
cryogenic machining have the lower surface roughness than that
of dry machining. Similar results also been archived by Jerold and
Kumar [6] during machining of AISI 105 steel. It was found that
the surface finish of the finished part under cryogenic condition is
improved to an appreciable amount in comparison with the dry
and wet machining condition. The fluctuation on the Ra readings
during machining may occur due to chips sticking on the tool rake
face. According to Musfirah et al. [7], this scenario could enhance
the levels of friction and residual stress at the tool and workpiece
interface, resulting in a worse surface roughness. In overall, the
experimental test results have shown that cryogenic machining can
enhance the Ra by up to a maximum of 47%.

A past research done by Dimas et al. [9] had mentioned that, for
A390 Al-Si alloy, the addition of refiner phosphorous results in
enhanced surface finish as compared to the parent alloys. This
clear is seen from the finer surface roughness (Ra) values archive
under similar machining conditions. Moreover, the surface finish
of alloys increases with increase in the depth of cut but reduce
with increase in the speed. [9]. Dimple structures were fabricated
on the A390 AI-Si alloy surface by using turning process in dry
condition, as a results Ra of about 3um was achieved which is
acceptable in its particular application [10]. Optimization study
performed by Othman et [11] found that the minimum value of
surface roughness of 0.24 pm can be achieved with a feed rate
approximately at a low level (0.03 mm/tooth), depth of cut of 0.29
mm and high cutting speed of 1490 m/min when machining A390
in dry condition.

In this study, however, it was found that under cryogenic condi-
tion in a conventional range of cutting speed for Aluminum Alloy,
the Ra was significantly reduced, which agreed with previous
findings without changing the A390 compositions.

3.2. Tool Wear Analysis

Fig. 4. lllustrates the development of tool wear for different pa-
rameter tests in dry and cryogenic machining. According to the
test results, under cryogenic cutting conditions resulted in higher
tool wear rate than under dry cutting conditions.
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Fig. 4. Measured tool wear in dry and cryogenic milling of A390 Al-Si
alloy

The exceedingly low temperatures due to the utilization of fluid
nitrogen as a cooling method might cause to brittleness of the tool
material, although cryogenic application could decrease the heat
generation in cutting area during the machining process [12]. Fur-
thermore, the thermal conductivity will significantly reduce be-
cause of the substantial decrease in cutting temperature due to
cryogenic application [13]. This circumstance could delay the
eliminating of heat conductive at the machining area [14]. Fur-
thermore, due to the interrupted cutting process during the milling
process might cause to occurring of the thermal shock at the tool
edge. This phenomenon occurs because the tool is exposed under
the extreme cold temperature during the application of fluid nitro-
gen, and immediately warmed up due to evacuation of the chip.
Subsequently, the drastic temperature changing can lead the tool
to shrink and expand repeatedly. Furthermore, this resulted fatigue
in the tool as well as has intension to breaks [12]. A significant
enhancement in tool life was archive under cryogenic application
as compared to dry cutting condition for all the experiments test as
shown in figure 5.
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Fig. 5. Measured tool life during dry and cryogenic milling of A390 alu-
minum alloy

Liu and Chou [15] investigated dry cutting process of hypereutec-
tic silicon—aluminum alloys using the vortex-tube (VT) cooling.
The results revealed that VT cooling has the potential to decrease
the wear rate in machining of A390 Al-Si alloy, but it depends on
the selection of cutting parameter used, the outlet temperature to
be considered more critical rather than the flow rate, and decreas-
ing of tool temperature by VT cooling has shown no immediate
correlation with reduction of tool wear.

Previous findings also stated that wear mechanism occur during
machining process of high silicon aluminum alloys can be catego-
rized as abrasion wear because of cutting tool scratching and
crushed with primary Silicon particles [16] adhesion/abrasion
wear instigated micro-chipping at the cutting edge area because of
periodic removals of the built-up workpiece material at the cutting

tool rake surface [17,18]. The size of Si particle will also affect the
wear mechanism in machining of A390 Al-Si alloy, as stated by
Wada [19]. According to him, the size of Si particle include in
A390 Al-Si alloy mass is about 17%, it will have a major effect on
the tool wear and it was possible to decrease the tool wear by re-
duce the size of Si particle.

Factors affecting the surface roughness and tool life in cryogenic
cooling using LN2 was studied by Badroush et al. [20], the study
revealed that the feed rate and cutting speed were highly influ-
enced elements that affecting the tool life, and the interaction of
feed rate and depth of cut were significant influence to the surface
finish. In cryogenic application of using LN2 has several ad-
vantages such as to reduce the temperature generated in the cutting
area, and to reduce friction between the chip and the tool. Studied
done by Natasha et al. [21] from estimation of coefficient of fric-
tion show that use of LN2 during turning process can help the
friction decrease up to 73%. It is wanted to obtain the litter estima-
tion value of coefficient of friction, since it demonstrates that the
shear edge is bigger. Larger shear angle resulted in littler shear
plane area; that provides advantages of small cutting force energy
required to shear off the chips and reduce cutting temperature
being created during the cutting process.

4. Conclusions

The comprehensive study between cryogenic and dry machining
in milling of A390 Aluminum Alloy in the context of effective-
ness is presented and discussed using of face milling cutter for the
machining test. Surface roughness, tool wear and tool life under
cryogenic and dry machining were evaluated and analyzed. In
view of the experimental investigations and insight obtained base
on analysis of results, the following concluding can be deter-
mined:

»  The application of cryogenic cooling technique will improve
the efficiency of lubrication action. These resulted in enhanc-
ing the tool life, where contrast with dry condition, the appli-
cation of cryogenic cooling increased the tool life by 52%.

+  The utilization of a cryogenic cooling in machining of A390
Aluminum alloy resulted in an improvement of surface
roughness since it could be improved to 47%.
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