
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

Influence of Lubrication on Vibration Response
and Surface Roughness in Milling of Aluminum
6061

Aziz, Amiruddin
Research Center for Process and Manufacturing Industry Technology, National Research and
Innovation Agency (BRIN), Indonesia

Azka, Muizuddin
Research Center for Process and Manufacturing Industry Technology, National Research and
Innovation Agency (BRIN), Indonesia

Nur Cholis Majid
Research Center for Process and Manufacturing Industry Technology, National Research and
Innovation Agency (BRIN), Indonesia

Mahfudz Al Huda
Research Center for Structural Strength Technology, National Research and Innovation Agency
(BRIN), Indonesia

他

https://doi.org/10.5109/7151725

出版情報：Evergreen. 10 (3), pp.1762-1769, 2023-09. 九州大学グリーンテクノロジー研究教育セン
ター
バージョン：
権利関係：Creative Commons Attribution-NonCommercial 4.0 International



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 03, pp1762-1769, September 2023 

 
Influence of Lubrication on Vibration Response and Surface 

Roughness in Milling of Aluminum 6061 
 

Amiruddin Aziz1, Muizuddin Azka1,*, Nur Cholis Majid1, Mahfudz Al Huda2, 
Agus Susanto3, Khairul Jauhari4, Achmad Zaki Rahman4, Ratna Nurmayni5 

1Research Center for Process and Manufacturing Industry Technology, 
National Research and Innovation Agency (BRIN), Indonesia 

2Research Center for Structural Strength Technology,  
National Research and Innovation Agency (BRIN), Indonesia 

3Department of Railway Engineering, State Polytechnic of Madiun, Indonesia 
4Laboratory for Machine Tool, Production, and Automation,  
National Research and Innovation Agency (BRIN), Indonesia 

5Research Center for Transportation Technology, 
National Research and Innovation Agency (BRIN), Indonesia 

 
E-mail: muizuddin.azka@brin.go.id 

 
(Received March 3, 2023; Revised June 19, 2023; accepted July 14, 2023). 

 
Abstract: Aluminum is used widely for components of renewable energy, such as wind and 

hydro turbines. Some of these components require a milling process to improve surface quality. This 
research presented the influence of lubrication on vibration and surface roughness in the milling 
process. The first step, the modal parameters data were obtained by the impulse response method 
using a hammering test with an impulse hammer, then the milling tests experiment were conducted 
in three different cutting conditions i.e. dry cutting, wet cutting with coolant and oil. The three-axis 
accelerometer was used to collect acceleration signals of milling test. The collected acceleration 
signals then were analyzed using Fast Fourier Transform (FFT) to first transform the signals into 
frequency domain and after that more phenomenon of the milling process in frequency domain were 
analyzed. Then, the surface roughness was measured using a surface roughness tester. The results 
showed that the amplitude of signal is lower in milling with lubricant than dry cutting. The cutting 
condition was stable in wet cutting for both types of lubricant while the chatter occurs in dry cutting. 
Then, the surface roughness for wet cutting is better than dry cutting and the best of roughness is wet 
cutting with lubricant of coolant in this experiment. 
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1. Introduction  

Based on the General National Energy Plan, Indonesia 
has commitment to makes an energy transition towards 
new and renewable energy. The target of renewable 
energy implementation in Indonesia based on the General 
National Energy Plan is 25% of the total energy demand 
in Indonesia in 2025, increasing to 35% in 20501,2). 
Indonesia has a potential energy mix from renewable 
energy to wind energy and hydro energy power generation. 
Indonesia has applied hydro energy for renewable energy 
mix with a value of 17.8% in 20183). However, it still can 
be improved, which has extensive potential resources 
from the current capacity. Wind energy also has a high 
potential to be applied in Indonesia. Wind energy 
application is still low at 0,1% of the total energy used in 

2018. Besides, the potential for wind energy and solar 
application is much greater than what has been applied at 
this time and can still be improved further4). 

Applying wind and hydro energy technology requires a 
precision milling process to produce suitable components. 
In the wind turbine and hydro energy components, the 
results of the milling process with smooth surface 
roughness are very necessary because it will affect the 
turbine performance5). One of the materials used for 
components of wind turbines and hydro turbines is 
aluminum alloy6–8). It is one of the materials that are easy 
to machines with a relatively lightweight9,10). Aluminum 
6061 and Titanium 6Al-4V are usually used as material 
for gas turbines and has perform life prediction with good 
result11). Furthermore, aluminum 6061 is recommended as 
material for wind turbine edges since it has excellent 
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erosion resistance, durable, high strength-to-weight ratio, 
and cannot react to air12).  

The milling process will meet the problem of excessive 
vibration or called chatter. The chatter that arises will 
cause productivity and quality to decline13). It causes the 
worst surface roughness, which will interfere with the 
function of the component5). In general, excessive 
vibration is a very dangerous phenomenon that also leads 
to tool wear14). There are several influencing parameters 
to avoid large vibrations in the milling, such as depth of 
cut (DoC), spindle speed, feed rate, lubrication, etc. It is 
significant to research the effect of changing these 
parameters15). 

From several studies that have been carried out, 
lubrication is one of the parameters that affect the 
roughness of the workpiece. Lubrication needs to 
diminish wear and excessive friction and also significantly 
affects the surface roughness of the milling process16). 
Lubrication in the milling process has a positive impact on 
preventing excessive vibration or chatter. It will also affect 
surface roughness results and dimensional accuracy17). To 
mitigate excessive vibration problems, machinists usually 
execute the operation in the milling process with 
conservative process parameters, such as reducing feed 
rate, cutting depth, and cutting width18). However, it will 
decrease the material removal rate, leading to a longer 
time and a less efficient milling process19). 

For monitoring milling operations based on spectral 
analysis, Fast Fourier Transform (FFT) can be used where 
this method transforms vibration signals in the time 
domain into signals in the frequency domain20) FFT could 
be utilized to analyze cutting force signals that are used to 
detect chatter21). FFT is employed to analyze sound 
signals, which are obtained during the machining 
process22). FFT is also used to identify chatter vibration 
which uses acceleration signals23,24).  

This research compares several lubrication methods 
and various radial depths of cut to examine their effect on 
vibration and surface roughness in the milling process of 
aluminum 6061. This has several processes, firstly, we 
execute hammering tests to obtain modal parameters of 
workpieces. Next, we carry out a milling experiment on 
the workpieces which has set the milling conditions, dry 
and wet conditions with soluble oil and oil. This process 
is recorded by a 3-axis accelerometer and data storage 
acquisition then processed with FFT. To compare the 
roughness surface for each milling condition, we measure 
the machined surface using a roughness tester and take 
100 times magnification photographs. Thus, we can 
conclude from those data, the influence of lubrication on 
vibration response and surface roughness in the milling of 
aluminum 6061. This research is conducted to find the 
relation between milling condition, vibration response, 
and surface roughness.  

 
 
 

2. Methodology 

2.1 Modal Parameters Using FRF 

 
Fig. 1: Hammering Test Set Up 

 
The impulse hammering test was carried out to collects 

the modal parameters of workpieces such as natural 
frequency, stiffness, and damping ratio. Fig. 1 showed the 
illustration and the photograph of hammering test in this 
experiment, the hammer hit a workpiece in the X-axis, Y-
axis, and Z-axis direction and the three-axis accelerometer 
sensor sticks on the workpiece. The hammering test is 
repeated three times in every axis direction. The data 
storage acquisition Yokogawa DL750 was used to collect 
the impulse force and the acceleration signals23,25,26). The 
sampling rate of data storage acquisition was set at 200 
kHz. In this experiment, the type of hammer was Dytran 
5800B3, and the three-axis accelerometer sensor was 
Dytran 3413A227,28). 

The results of impulse force and the acceleration signals 
can be constructed to be a frequency response function 
(FRF) 29,30). The FRF can be expressed as : 
 

 
  (1) 
 

Where Kr, ξr, and φr are the stiffness, damping ratio, and 
mode shape of the r-th mode, λr = f/fr and fr is the natural 
frequency of the r-th mode. The natural frequency can be 
got as: 

 
    (2) 
 
Where ff is the frequency at point f in the Fig. 2, and the 

damping ratio ξ could be expressed below: 
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   (3) 
 
Where fd and fe are the frequency at the amid points, 

between points d and e, the stiffness k could be expressed 
below : 
 

   (4) 
 

Where Hif is the imaginary graph value at point f, the 
minimum value on the imaginary frequency function 
curve. 

 

 
Fig. 2: The FRF on X-axis;  

a) Real and b) Imaginary of a workpiece 
 

In the hammering tests experiment, the values of FRF 
were determined on X-axis, Y-axis, and Z-axis direction, 
and then the value with the lowest stiffness was observed. 
The results showed that the lowest value of stiffness was 
found on the X-axis direction as can be seen in Fig. 2. 
Furthermore, the modal parameters such as stiffness, 
natural frequency, and damping ratio can be calculated 
using the curve of FRF. The values of modal parameters 
were listed in Table 1. 

 
Table 1. Modal Parameters 

Natural 

Frequency 

𝑓𝑓 (𝐻𝐻𝐻𝐻) 

Stiffness 

𝑘𝑘 (
𝑁𝑁
𝜇𝜇𝜇𝜇

) 

Damping 

Ratio 

𝜁𝜁 (%) 

1050 0,095 0,024 

 
2.2 Fast Fourier Transform 

The FFT is used to analyze the vibration response in the 
feature of vibration in the frequency domain. It will use to 
determine milling states. For the defined signal x(t) in a 
sampling period T, with the data length is N, the FFT is 
expressed below30) :

 
 (5) 

 
 
FFT analysis was carried out to detect the chatter 

frequency (fc), tooth-passing (fT), natural frequency (fn), 
and its harmonics are shown in Fig. 6, Fig. 7, and Fig. 8. 
For the tooth-passing frequency was calculated as 
follows25,31) : 
 
   (6) 
 

Where n and NT are the spindle rotation and the number 
of flutes. The natural frequency is obtained from FRF. 

 
2.3 Lubrication in Milling Process 

Cutting fluid is used to improve milling capabilities so 
that the process is more efficient and better than without 
cutting fluid. Increased efficiency in milling will increase 
tool life, increase surface roughness, increase milling 
accuracy, reduce cutting forces, and reduce vibration in 
milling14,31). Low vibration in the milling process will 
have a positive impact because vibration in the milling 
process will cause tool wear and worst surface 
roughness14,32).  

In this experiment, the influence of lubrication on 
vibration response and surface roughness in milling 
process was investigated. So that we choose the cutting 
conditions are dry cutting, wet cutting with coolant, and 
wet cutting with oil. In our experiment, coolant is a 
mixture of water and straight-cutting oil by comparison 
50:50, or in some cases called soluble oil16). The 
properties of coolant as shown in table 2. Then, the oil we 
used in this experiment is engine lubrication of SAE 0W-
20 fully synthetic motor oil. 

 
Table 2. Coolant Properties – Dromus Oil 

Appearance Dark Amber, Clear 

Specific Gravity @20oC 0.92 

PH @5% Emulsion 8.9 

Emulsion Type Fine milky emulsion 

Corrosion Test 30/l 
 
2.4 Experimental Setup 

Experiments were carried out on the KAFO K4122 
CNC machine (dimensions of 4100 in length, 2200 mm in 
width, and 1000 mm in height) using Aluminum material 
to investigate the effect of lubrication and radial depth to 
vibration response and machined surface roughness of 
milling process. The type of aluminum used is 6061, 
which is one of the most commonly used due to its 
lightweight, durable, and functional properties33). This 
material can also be used for wind turbine components6,7) 
and hydro turbine components materials8,10). A 12 mm of 
diameter end-mill with 4 flutes was used, the 
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specifications related to the specifications of the tools and 
the milling conditions used are shown in Table 3 and 4 
below. 

 
Table 3. Tool Parameters 

Tools Parameters Value 
Diameter of Tool 12 mm 
Number of Flutes 4 

Helix Angle 30 degree 
Material Carbide 

Tool Length 90 mm 
Overhang 45 mm 

 
Table 4. Milling Conditions 

Cutting Conditions Value 
Spindle Rotation n (min-1) 2000 

Feed per Tooth fz  0.066 mm/tooth 
Feed Speed f 500 mm/min 
Axial DoC 12 mm 
Radial DoC 1 mm, 2 mm, 3 mm 

 

 
Fig. 3: Milling Test Experiment Setup 

 

 
Fig. 4: Workpiece of Aluminum 6061 (a) illustration of 

lubrication method, (b) before milling, and (c) after milling 
 

The dimension of the workpiece is 150 mm in length, 150 mm 

in height, and 18 mm in width. The rotation of spindle is 
clockwise and the direction is displayed in Fig. 3. The milling 
experiments perform continuously from dry cutting to wet 
cutting. The surface of the workpiece divides into three different 
lubrication parameters with a length of 50 mm as shown in Fig. 
4. In this experiment, coolant and oil are rubbed onto the material 
surface. Then, the milling experiment is repeated three times for 
each milling condition. 

 

3. Results and Discussion 

3.1 Acceleration Signal 

 
Fig. 5: Acceleration Signal acquired in milling test 

 
As shown in the Fig. 5, the acceleration signal in 

milling test with 1 mm radial DoC has no significant 
difference. However, there was a significant difference for 
the 2 mm and 3 mm DoC, the signal amplitude was high 
in dry cutting but low in wet cutting. For dry cutting, it 
indicates an unstable condition of vibration. The existence 
of unstable vibrations will result in chatter. This chatter 
will cause the milling results to be worst13,20).  

 
3.2 FFT Spectra 

Figs. 6, 7, and 8 show the frequency spectra by FFT for 
three variations of radial DoC 1 mm, 2 mm, and 3 mm, 
respectively. The FFT graph can identify the tooth-passing 
frequency (fT), natural frequency (fn), and chatter 
frequency (fc). From Eq. 6, the value of tooth passing 
frequency (fT) is 133 Hz. Then, the natural frequency can 
be obtained from the calculation of the FRF graph. The 
natural frequency fn is 1050 Hz in this experiment as 
shown in Table 1. 

In the FFT analysis, we separate the signals became 
three groups of cutting conditions: dry cutting, wet cutting 
with coolant, and wet cutting with oil. As shown in Fig. 6, 
the tooth-passing frequency, its harmonics, and the natural 
frequency were identified for DoC cut 1 mm and the 
amplitude is almost similar for three conditions. However, 
there is a large difference in amplitude between the dry 
cutting and wet cutting for DoC 2 mm and 3 mm as shown 
in Figs. 7 and 8. For DoC 2 mm in dry cutting (Fig. 7), it 
is found that the slightly chatter frequency begins to occurs 
at a frequency of 1000 Hz. Commonly, chatter occurred 
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close to the natural frequency20,31). And, the results of FFT 
spectra showed that the chatter frequency identified before 
and has a lower amplitude than the natural frequency at 
1050 Hz for DoC 2 mm. Furthermore, the chatter 
frequency amplitude become higher than the natural 
frequency for DoC 3 mm in dry cutting as shown in Fig. 8. 
Besides, for wet cutting with the same DoC, the chatter 
frequency was not found.    

 

 
Fig. 6: Frequency spectra by FFT with Radial DoC 1 mm 

 

 
Fig 7: Frequency spectra by FFT with Radial DoC 2 mm 

 

 
Fig. 8: Frequency spectra by FFT with Radial DoC 3 mm 

 
3.3 Surface Roughness 

Fig. 9 showed the roughness of the machined surface for 
dry cutting and wet cutting with coolant and oil. The 
surface roughness test is executed with portable surface 
roughness tester Mitutoyo SJ-30134,35). The test is repeated 
three times for each milling condition. The photograph of 
the machined surface is taken using Keyence VHX 7000 
with 100 times zooming36,37). As shown in the Fig. 9, the 
roughness increases with radial DoC for dry cutting while 
it is almost constant with radial DoC for wet cutting. From 
these results, roughness in wet cutting tends to be stable 
than dry cutting. This shows that there is correlation 

between the increase in chatter frequency amplitude to 
surface roughness. 

 

 

Fig 9: Surface Roughness of Aluminum Workpiece Surface 
 
Figs. 10, 11, and 12 show the photographs of machined 

surfaces for aluminum workpieces after the milling process 
with 100 times magnification. Based on the photograph of 
the machined surface for Radial DoC 1 mm (Fig. 10), the 
pattern of cutting in the machined surface is nearly uniform 
and smooth for dry cutting, and wet cutting with coolant 
and oil. This is a similar trend with surface roughness 
values as shown in Fig. 9. For the Radial DoC 2 mm, the 
pattern of the machined surface for dry cutting looks 
rougher compared to wet cutting as shown in Fig. 11. The 
wet cutting with coolant has the best pattern in this 
experiment. Furthermore, for the Radial DoC 3 mm, the 
pattern of machined surface in milling under dry cutting 
shows the roughest surface in this experiment. The pattern 
of surface in milling under wet milling using coolant looks 
consistent with the three variations of Radial DoC and 
corresponds to the roughness values which tend to be 
stable as shown in Fig. 9. Milling process under wet cutting 
with coolant produces a smoother surface compared to 
milling under dry cutting16,31). 

 

 
Fig 10: Photographs of Machined Surface for Radial DoC 

1mm and 100 Times Magnification Image of the machined 
surface on (a) Wet Cutting with Oil, (b) Wet Cutting with 

Coolant, (c) Dry Cutting 
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Fig. 11: Photographs of Machined Surface for Radial DoC 

2mm and 100 Times Magnification Image of the machined 
surface on (a) Wet Cutting with Oil, (b) Wet Cutting with 

Coolant, (c) Dry Cutting 
 

 
Fig 12: Photographs of Machined Surface for Radial DoC 

3mm and 100 Times Magnification Image of the machined 
surface on (a) Wet Cutting with Oil, (b) Wet Cutting with 

Coolant, (c) Dry Cutting 
 
4. Conclusion 

In this paper, the influence of lubrication on vibration 
and surface roughness in milling process of aluminum 
6061 was analyzed. The amplitude of acceleration signal 
for dry cutting is higher than wet cutting at every radial 
depth of cut. Based on vibration analysis by FFT, the 
chatter frequency occurs for dry cutting at radial depth of 
cut 2 and 3 mm while for wet cutting no chatter occurs at 
the same radial depth of cut. The radial depth of cut also 
affects the vibration, the greater the radial depth of cut 
causes an increase in vibration. The surface roughness 
results showed that wet cutting tends to be stable than dry 
cutting. For dry cutting, the roughness increases with radial 
depth of cut while for wet cutting it is almost constant with 
radial depth of cut. The results of the photograph, wet 
cutting has a better pattern of work surface than dry cutting, 
and the best of pattern is wet cutting with lubrication using 
coolant. 

We conclude that the lubrication in milling of aluminum 
6061 reduces the vibration response both in time and 
frequency domain, while no chatter detected. The surface 
roughness produced from wet cutting was smoother than 
dry cutting for every experiment depth of cut. 
 

Acknowledgements 
Thanks to Process and Manufacture Technology 

Research Center (PRTIPM), Research Organization for 

Energy and Manufacture (OREM), National Research and 
Innovation Agency (BRIN) for supporting this research. 
All authors have contributed equally to this research work 
and discussed the results, implication and commented on 
the manuscript at all stages. 
 

References 
1) J. Langer, J. Quist, and K. Blok, “Review of 

renewable energy potentials in indonesia and their 
contribution to a 100% renewable electricity system,” 
Energies (Basel), 14 (21) (2021). 
doi:10.3390/en14217033. 

2) P.J. Burke, J. Widnyana, Z. Anjum, E. Aisbett, B. 
Resosudarmo, and K.G.H. Baldwin, “Overcoming 
barriers to solar and wind energy adoption in two 
asian giants: india and indonesia,” Energy Policy, 132 
1216–1228 (2019). doi:10.1016/j.enpol.2019.05.055. 

3) R. of I. Ministry of Energy and Mineral Resources, 
“Handbook of Energy & Economic Statistics of 
Indonesia,” 2021. 

4) M. Maulidia, P. Dargusch, P. Ashworth, and F. 
Ardiansyah, “Rethinking renewable energy targets 
and electricity sector reform in indonesia: a private 
sector perspective,” Renewable and Sustainable 
Energy Reviews, 101 231–247 (2019). 
doi:10.1016/j.rser.2018.11.005. 

5) M. Darbandi, A. Mohajer, A. Behrouzifar, R. Jalali, 
and G.E. Schneider, “Evaluating the effect of blade 
surface roughness in megawatt wind turbine 
performance using analytical and numerical 
approaches,” (2014). 

6) S. Ravikumar, V. Jaswanthvenkatram, Y.J.N.V. Sai 
Kumar, and S.M. Sohaib, “Design and Analysis of 
Wind Turbine Blade Hub using Aluminium Alloy AA 
6061-T6,” in: IOP Conf Ser Mater Sci Eng, Institute 
of Physics Publishing, 2017. doi:10.1088/1757-
899X/197/1/012044. 

7) I.P. Okokpujie, U.C. Okonkwo, C.A. Bolu, O.S. 
Ohunakin, M.G. Agboola, and A.A. Atayero, 
“Implementation of multi-criteria decision method 
for selection of suitable material for development of 
horizontal wind turbine blade for sustainable energy 
generation,” Heliyon, 6 (1) (2020). 
doi:10.1016/j.heliyon.2019.e03142. 

8) W.S. Ebhota, and F. Inambao, “Design basics of a 
small hydro turbine plant for capacity building in sub-
saharan africa,” African Journal of Science, 
Technology, Innovation and Development, 8 (1) 111–
120 (2016). doi:10.1080/20421338.2015.1128039. 

9) S. Kathiresan, K.S. Sreenivasan, R. Muthukrishnan 
@sriram, and M. Chandrasekaran, “Experimental 
investigation of lubrication system of milling 
operation on aluminum alloy 6060,” IOSR Journal of 
Mechanical and Civil Engineering, 29–45 (2014). 
www.iosrjournals.org. 

10) P. Sritram, W. Treedet, and R. Suntivarakorn, “Effect 

- 1767 -



Influence of Lubrication on Vibration Response and Surface Roughness in Milling of Aluminum 6061 

 
of turbine materials on power generation efficiency 
from free water vortex hydro power plant,” in: IOP 
Conf Ser Mater Sci Eng, Institute of Physics 
Publishing, 2015. doi:10.1088/1757-
899X/103/1/012018. 

11) O.E. Scott-Emuakpor, H. Shen, T. George, and C. 
Cross, “An energy-based uniaxial fatigue life 
prediction method for commonly used gas turbine 
engine materials,” J Eng Gas Turbine Power, 130 (6) 
(2008). doi:10.1115/1.2943152. 

12) I.P. Okokpujie, and L.K. Tartibu, “Aluminum alloy 
reinforced with agro-waste, and eggshell as viable 
material for wind turbine blade to annex potential 
wind energy: a review,” Journal of Composites 
Science, 7 (4) (2023). doi:10.3390/jcs7040161. 

13) G. Quintana, and J. Ciurana, “Chatter in machining 
processes: a review,” Int J Mach Tools Manuf, 51 (5) 
363–376 (2011). 
doi:10.1016/j.ijmachtools.2011.01.001. 

14) W. Zhong, D. Zhao, and X. Wang, “A comparative 
study on dry milling and little quantity lubricant 
milling based on vibration signals,” Int J Mach Tools 
Manuf, 50 (12) 1057–1064 (2010). 
doi:10.1016/j.ijmachtools.2010.08.011. 

15) A.K. Srivastava, M. Maurya, A. Saxena, N.K. 
Maurya, and S.P. Dwivedi, “Statistical optimization 
by response surface methodology of process 
parameters during the cnc turning operation of hybrid 
metal matrix composite,” Evergreen, 8(1) 51–62 
(2021). doi:10.5109/4372260. 

16) L.J. Drambi, and Y. Mohammed, “Effects of neem, 
straight and soluble oils as cutting fluids on tool 
wearing during metalwork practicals in technical 
colleges in kano state, nigeria,” International Journal 
of Engineering Technologies and Management 
Research, 6 (6) 166–177 (2020). 
doi:10.29121/ijetmr.v6.i6.2019.405. 

17) A.C. Opia, M.K.A. Hamid, S. Syahrullail, A.I. Ali, 
C.N. Johnson, I. Veza, M.I. Izmi, C.D.Z. Hilmi, and 
A.B. Abd Rahim, “Tribological behavior of organic 
anti-wear and friction reducing additive of zddp 
under sliding condition: synergism and antagonism 
effect,” Evergreen, 9(2) 246–253 (2022). 
doi:10.5109/4793628. 

18) S. Abhijit, C. Satyajit, and B.K. Goutam, 
“Investigation of effect of cnc milling parameters on 
cylindricity and perpendicularity of milled circular 
pockets using cmm,” Evergreen, 9(3) 745–751 (2022). 
doi:10.5109/4843108. 

19) S. Maslo, B. Menezes, P. Kienast, P. Ganser, and T. 
Bergs, “Improving dynamic process stability in 
milling of thin-walled workpieces by optimization of 
spindle speed based on a linear parameter-varying 
model,” Procedia CIRP, 93 850–855 (2020). 
doi:10.1016/j.procir.2020.03.092. 

20) A. Susanto, M. Azka, K. Yamada, K. Sekiya, P. Novia, 
R. Tanaka, and M.D. Prasetio, “Analysis of Transient 

Signal using Hilbert-Huang Transform for Chatter 
Monitoring in Turning Process,” in: International 
Conference on Information Technology, Information 
Systems and Electrical Engineering, 2019: pp. 26–30. 

21) Y. Altintas, G. Stepan, D. Merdol, and Z. Dombovari, 
“Chatter stability of milling in frequency and discrete 
time domain,” CIRP J Manuf Sci Technol, 1 (1) 35–
44 (2008). doi:10.1016/j.cirpj.2008.06.003. 

22) A. Comak, and E. Budak, “Modeling dynamics and 
stability of variable pitch and helix milling tools for 
development of a design method to maximize chatter 
stability,” Precis Eng, 47 459–468 (2017). 
doi:10.1016/j.precisioneng.2016.09.021. 

23) M. Azka, K. Mani, K. Yamada, M. Al Huda, R. 
Tanaka, and K. Sekiya, “Influence of Tool Inclination 
on Chatter Vibration in Ball-End Milling,” in: The 
Proceedings of Conference of Chugoku-Shikoku 
Branch, 2018. 

24) M. Azka, K. Yamada, M. Al Huda, R. Tanaka, and K. 
Sekiya, “Influence of tool posture and position on 
stability in milling with parallel kinematic machine 
tool,” International Journal of Precision Engineering 
and Manufacturing, 21 (12) 2359–2373 (2020). 
doi:10.1007/s12541-020-00416-7. 

25) M. Azka, K. Yamada, M. Al Huda, K. Mani, R. 
Tanaka, and K. Sekiya, “Hilbert-huang transform 
analysis of machining stability in ball-nose end-
milling of curved surface,” International Journal of 
Automation Technology, (2020). 
doi:10.20965/IJAT.2020.P0500. 

26) A. Susanto, C.H. Liu, K. Yamada, Y.R. Hwang, R. 
Tanaka, and K. Sekiya, “Application of hilbert–huang 
transform for vibration signal analysis in end-milling,” 
Precis Eng, 53 263–277 (2018). 
doi:10.1016/j.precisioneng.2018.04.008. 

27) M. Akbulut, and H. Erol, “Damping layer application 
in design of robust battery pack for space equipment,” 
Applied Acoustics, 150 81–88 (2019). 
doi:10.1016/j.apacoust.2019.01.036. 

28) D. Pop, L. Morar, E. Campean, and T. Ionela, 
“EXPERIMENTAL modal analysis of a milling 
machine spindle -tool holder - cutter assembly,” 
ACTA TECHNICA NAPOCENSIS, 55 (I) 233–238 
(2021). 

29) Z. Li, Z. Wang, and X. Shi, “Fast prediction of chatter 
stability lobe diagram for milling process using 
frequency response function or modal parameters,” 
International Journal of Advanced Manufacturing 
Technology, 89 (9–12) 2603–2612 (2017). 
doi:10.1007/s00170-016-9959-4. 

30) A. Susanto, C.H. Liu, K. Yamada, Y.R. Hwang, R. 
Tanaka, and K. Sekiya, “Milling process monitoring 
based on vibration analysis using hilbert-huang 
transform,” International Journal of Automation 
Technology, 12 (5) 688–698 (2018). 
doi:10.20965/ijat.2018.p0688. 

31) M.A. Xavior, and M. Adithan, “Determining the 

- 1768 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 03, pp1762-1769, September 2023 

 
influence of cutting fluids on tool wear and surface 
roughness during turning of aisi 304 austenitic 
stainless steel,” J Mater Process Technol, 209 (2) 
900–909 (2009). 
doi:10.1016/j.jmatprotec.2008.02.068. 

32) Md Sazzad Hossain Ador, S. Kabir, F. Ahmed, F. 
Ahmad, and S. Adil, “Effects of minimum quantity 
lubrication (mql) on surface roughness in milling al 
alloy 383 / adc 12 using nano hybrid cutting fluid,” 
Evergreen, 9(4) 1003–1020 (2022). 
doi:10.5109/6625790. 

33) S.P. Dwivedi, M. Maurya, and S.S. Chauhan, 
“Mechanical, physical and thermal behaviour of sic 
and mgo reinforced aluminium based composite 
material,” Evergreen, 8(2) 318–327 (2021). 
doi:10.5109/4480709. 

34) O. Unsal, and N. Ayrilmis, “Variations in 
compression strength and surface roughness of heat-
treated turkish river red gum (eucalyptus 
camaldulensis) wood,” Journal of Wood Science, 51 
(4) 405–409 (2005). doi:10.1007/s10086-004-0655-x. 

35) D.S. Korkut, and B. Guller, “The effects of heat 
treatment on physical properties and surface 
roughness of red-bud maple (acer trautvetteri medw.) 
wood,” Bioresour Technol, 99 (8) 2846–2851 (2008). 
doi:10.1016/j.biortech.2007.06.043. 

36) M.A. Rahman, M.Z. Islam, L. Gibbon, C.A. Ulven, 
and J.J. La Scala, “3D printing of continuous carbon 
fiber reinforced thermoset composites using uv 
curable resin,” Polym Compos, 42 (11) 5859–5868 
(2021). doi:10.1002/pc.26266. 

37) T. Ouyang, Y. Shen, R. Yang, L. Liang, H. Liang, B. 
Lin, Z.Q. Tian, and P.K. Shen, “3D hierarchical 
porous graphene nanosheets as an efficient grease 
additive to reduce wear and friction under heavy-load 
conditions,” Tribol Int, 144 (2020). 
doi:10.1016/j.triboint.2019.106118. 

 

- 1769 -




