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Abstract - Aerospace applications and energy saving strategies in 
general raised the interest and study in the field of lightweight 
materials, especially on aluminum alloys. Aluminum AL2017-T4 
alloy which is used in this research work has low specific weight 
and high strength to rate ratio and also high electrical and thermal 
conductance. This alloy is widely used in industry and in 
particular in aircraft structure. The (CNC) milling machine 
facilities provides a wide variety of parameters setup, making the 
machining process of the duralumin AL-2017-T4 excellent in 
manufacturing complicated special products compared to other 
machining processes. However, the demand for high quality 
focuses attention on the surface condition and the quality of the 
product, especially the roughness of the machined surface, because 
of its effect on product appearance, function, and reliability. The 
key solution for this issue is by increasing the effectiveness of the 
existing lubrication systems as it could reduce the friction 
component in machining process. For more improvement, 
introducing the nanolubrication could produce much less friction 
in the tool chip interface as the rolling action of billions units of 
nanoparticle could reduce the coefficient of friction significantly. 
The tool selection is the other significant parameter for better 
machined surface quality. Diamond like carbon (DLC) coated tool 
application is providing less coefficient of friction between the tool 
chip contact surfaces. In this research work, the DLC coated tool 
has been used to machine the duralumin AL-2017-T4 while the 
carbon onion nanoparticle has been mixed with ordinary mineral 
oil as a nanolubrication system. The 38.68% reduction of surface 
roughness could be obtained when 1%wt of carbon onion 
nanolubricant concentration is used compared with the case of 
using ordinary lubrication. This is mainly attributed to the 
tribological properties of the DLC coated cutting tool in 
conjunction with the carbon onion nanolubricant to reduce the 
coefficient of friction in the tool chip interface.  
Index Terms -  Aerospace AL-2017-T4 alloy, Carbon onion 
nanolubrication, DLC cutting tool, End milling, Surface quality  
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I. INTRODUCTION 

luminum and its alloys are today considered one of the 
most practical of metals for a variety of reasons. Its low 

cost, light-weight, and modern appearance are among the 
primary reasons for its widespread use. It is non-sparking, 
electrically conductive, thermally conductive, non-magnetic, 
reflective, and chemically resistant. It is popular in the 
construction, marine and aircraft industries because of its ease 
of fabrication, non-toxicity, strength (pound-for pound), and 
resistance to the corrosive atmospheres of industry and marine 
environments.  Aluminum Alloy 2017-T4 is one of the highest 
strength and hardest aluminium alloys with excellent fatigue 
strength available.  Heat-treating increases its strength 
considerably. It is used for various applications from high 
strength structural components, aircraft, machine construction, 
military equipment, rivets. Alloy 2017 also has very good 
machining characteristics in the T4 temper. In the annealed 
condition machinability is less good. Thus it is best to perform 
machining with the alloy in the T4 condition, however, it is 
recommended to use suitable end mill tool.  

The usage of suitable tool for the duralumin AL-2017-T4 
workpiece is significant to reduce the friction component in the 
chip tool interface during the machining process. However, due 
to the soft and “sticky” nature of aluminium, specific 
geometries and characteristics of the end mill are required for 
efficient machining. Many cutting tool manufacturers offer end 
mills specifically designed for aluminium machining for this 
reason [1]. By using diamond like carbon (DLC) end mills with 
the correct cutting geometries and coatings, metal removal rates 
can increase by four to five times—or higher—than that of 
steel. Surface finishes of 16µ or better are also easily achieved, 
reducing finishing time considerably. The diamond like carbon 
(DLC) coated tool has been specially developed so it can 
attribute to the better performance in milling aluminium alloy 
based workpiece. Diamond-like carbon (DLC) is an amorphous 
hard thin film that can comprise different kinds of carbon-based 
materials. It has the properties such as low friction coefficients, 
high hardness, high chemical stability, and high wear resistance 
[2]. The most important thing is their tribological properties 
make DLC film suitable for a constellation of engineering 
applications. The smaller friction component is the main 
favourable benefit that could be obtained while using DLC 
coated tool during the machining compared to ordinary cutting 
tool, however it is recommended to use of oil lubricants for all 
machining operations. The existence of clean surfaces and high 
hydrostatic stresses favors the formation of strong adhesive 
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shows the TEM picture of carbon onion at average size of 5 to 
20 nm.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To ensure the consistent lubrication supply into the 

systems, it was properly spur on the top of workpiece during 
machining. After the machining, the surface roughness (Ra) is 
measured using the Nanofocus roughness tester with µsufr 
Software following the ISO 11562 with 0.5 mm cut off 
distance. The surface roughness has been measured three times 
after every single machining run under 1000X magnification 
and the average has been calculated.  

III.  RESULTS 

The slot-milling test was carried out to investigate how to 
improve the surface quality of the machined duralumin AL-
2017-T4 using DLC cutting tool and carbon onion 
nanolubrication system. Figure 5 (a), (b) and (c) shows 
examples of measured surface roughness at different machining 
modes using ordinary lubrication and ordinary cutting tool. The 
average measured surface roughness at three different 
measurements has been calculated for all modes of lubrication 
and it was summarized in Table 2. While the measured and 
average of the roughness data are plotted in Fig. 6.  As can be 
seen in Fig. 6, the surface roughness in mode 3 with carbon 
onion nanolubrication and DLC has shown the smallest value 
followed by mode 2, while the largest surface roughness can be 
seen in mode 1, of ordinary cutting tool in conjunction with 
ordinary lubrication. The interpretation of the results has been 
supported by the results in Fig. 7.  

Figure 7 shows the stereoscopic photographs for three-
dimensional views of machined surface for mode 1, 2 and 3, 
respectively.  

 

 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 1 
THE MECHANICAL PROPERTIES OF DURALUMIN AL-2017 

Mechanical properties Value 
Hardness, Vickers 118 

Ultimate tensile strength 427 MPa 
Tensile yields strength 276 MPa 

Modulus elasticity 72.4 GPa 
Poisson ratio 0.33 

Fatigue strength 124 MPa 
Shear Modulus 27 GPa 
Shear Strength 262 MPa 

Fig 4 TEM pictures of onion-
carbon [7]  

Fig 3 The workpiece and tool 
paths 
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TABLE II  
THE AVERAGE OF MEASURED SURFACE ROUGHNESS 

Machinin
g mode 

Lubrication 
Tool 

 

Average Measured 
Surface roughness 

Ra (µm) 

Mode 1 
Ordinary 
lubricant 

Ordinary 
cutting tool 

0.380 

Mode 2 
1.0 %wt of 

Carbon onion 
Ordinary 

cutting tool 
0.251 

Mode 3 
1.0 %wt of 

Carbon onion 
DLC 

coated tool 
0.233 

  
 
 

 
 
 

  

 
Figs 5 Roughness profile of machined surface. 
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a. Mode 1 (ordinary lubricant combined with 
ordinary tool ) 

b. Mode 2 (1.0%wt carbon onion combined 
with ordinary tool ) 

c. Mode 1 (1.0%wt carbon onion combined 
with DLC coated tool )

 
Fig 6 Measured surface roughness at all modes 
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From these photos, it is clearly shown that the parameter 
set up at mode 3 (DLC coated tool in conjunction with 1.0%wt 
carbon onion concentration) would produces the lowest surface 
roughness compared with mode 2 and mode 1. From the results, 
it has been found that the reduction of surface roughness using 
carbon onion nanolubrication with DLC tool is 7.17% 
compared to mode 2 and 38.68% compared to mode 1. This 
evidence may suggest that the ordinary cutting process could be 
improved by using either onion carbon nanolubrication or the 
usage of DLC coated cutting tool or using both together. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV. DISCUSSION 

In this research work, both DLC coated and normal cutting 
tool has been used with two different modes of lubrication, the 
normal lubricant and carbon onion nanolubrication to 
investigate the surface quality improvement of CNC end 
milling machined duralumin AL-2017-T4. From the results, it is 
clearly seen that mode 3 where DLC coated tool used in 
conjunction with 1.0%wt carbon onion concentration is 
producing the best surface quality followed by mode 2 (1.0%wt 
carbon onion with normal cutting tool) and mode 1 (normal 
lubricant with normal cutting tool). This may attributed to the 
friction at the tool rake face while chip is flowing over a tool 
leading to localized region of intense shear at the secondary 
zone as shown in Fig. 8. If the coefficient of friction in the tool 
chip interface is greater than 0.5, the sticky friction would result 
and flow would occur only within the workpiece but not at the 
tool-workpiece interface leading to poor surface quality. Using 
the DLC coated cutting tool in conjunction with lubrication 
system to the tool chip interface will reduce the coefficient of 
friction leading to better surface quality. 

 
Fig 8 Shear mechanism in cutting zone [1] 

 However, introducing of the carbon onion 
nanolubrication system would show much less friction and 
much better surface quality. This is mainly attributed to the 
tribological properties of both DLC coated surface and carbon 
onion which can reduce the coefficient of friction in the 
interface between the cutting tool and workpiece during 
machining as it is acted as billions of nano-scale quasi-spherical 
structure rolling elements in the tool chip interface as shown in 
Fig. 9. The outermost shell of the carbon onion is scarcely 
contains defects as no dangling bonds exist on the surface of 
carbon onion when carbon atoms perfectly arranged. Besides, 
this suggest that the improvement of the surface quality has 
been resulted from the lesser tool wear and reduction of cutting 
temperature due to the reduction of coefficient of friction at the 
cutting zone during the machining process.  

 
Fig 9 Rolling element in the tool chip interface [12] 

 
 

 

 
  

 
 
 
 

Fig 7 Stereoscopic photographs for three-dimensional views of machined 
surface. 

a. Mode 1 (ordinary lubricant combined with 
ordinary tool ) 

b. Mode 2 (1.0%wt carbon onion combined 
with ordinary cutting tool ) 

c. Mode 3 (1.0%wt carbon onion combined 
with DLC coated tool ) 
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V. CONCLUSION 

In this study, the investigation of the surface quality 
improvement of CNC end milling machined duralumin AL-
2017-T4 when using DLC coated tool and carbon onion 
nanolubrication system has been conducted. Based on the 
results obtained, the usage of DLC coated tool in conjunction 
with carbon onion nanolubrication produced the best surface 
quality, 38.8% surface roughness reduction compared with the 
case of using ordinary lubrication. This is mainly due to the 
tribological properties DLC coated tools and the carbon onion. 
Besides, the carbon onion is acting as billions of nano-scale 
spherical structure rolling elements in the tool chip interface 
makes the coefficient of friction is significantly reduced. 
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