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Abstract - The primary function of the metal cutting industry is to machine various metal materials into products like bolts,
couplings, gears, shafts, bearings, and other engine components for local and international markets. To achieve long tool life and
smooth surfaces, cutting fluids are often used, but this practice has significant negative effects on operators and the environment.
Operators can develop lung and skin diseases, and the environment is polluted by coolant that cannot be naturally decomposed.
Scientists are working to eliminate coolant use in metal machining. This study performs a dry machining test on cast iron with
eight varying cutting conditions to collect data on tool wear, machining time, surface roughness, machining length, machining
volume, and material removal rate. The data are analyzed to determine the optimal cutting conditions for environmentally
friendly machining.
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1. INTRODUCTION

Background

The machining process, which is a primary activity in small and medium-sized metal industries, involves the use of
conventional machine tools to manufacture engine components and other equipment. Green machining, which is
environmentally friendly, is becoming increasingly necessary due to environmental laws and health regulations. Dry
machining offers several benefits, including reduced pollution, lower disposal and cleaning costs, and improved
health and safety. However, it also poses challenges such as higher tool wear and thermal loads.

In high-speed machining, the coolant cannot reach the tool-chip interface, and the cooling liquid is not
environmentally friendly. This necessitates the adoption of dry or green machining practices. Coolant plays a crucial
role in removing chips from the workpiece, but its absence in dry cutting leads to increased friction and adhesion,
resulting in higher tool wear and thermal loads.

Traditional machining processes involve waste disposal, which can be in solid, liquid, or gas form. Research focuses
on cutting energy in machining systems, but from a green machining perspective, total energy consumption must be
considered. In small and medium-sized metal enterprises, preliminary studies on the machinability of cast iron
materials for producing parts reveal several issues:

1. **Equipment Limitations**: High Speed Steel (HSS) tools used in dry cutting are not suitable due to their
limitations in strength, stiffness, and reliability at high temperatures, leading to lower tool life.

2. **Geometric Tool Instability**: Geometric tools are unstable because they rely on operator instinct and
experience, resulting in high variations in surface roughness.

3. **Inconsistent Cutting Conditions**: Inconsistent cutting conditions, including cutting depth, tool geometry, and
cutting and feeding speed, contribute to poor accuracy and precision of the resulting product.

2. RESEARCH PURPOSES

To obtain a cutting condition without coolant which has tool wear and roughness according to good standards and
productivity.

3. MATERIALS, TOOLS AND METHODS

Material

This research method will describe the materials, equipment and methods used, as follows:

The workpiece material is cast iron with a chemical composition of C = 3.27 %, Cr = 0.3%, Cu = 0.2%, Mn = 20%,
Mo = 0.07%, Ni = 0.1%, P = 0.1%, S = 0.11 %, Si = 2 %, and mechanical properties: Rockwell Hardness = 20.49
Rockwell C (RC), Tensile Strength = Min 396.045 Mpa,

Ultimate Compression Strength = 1034 Mpa. Figure 1 shows a cast iron workpiece and figure 2 shows the
dimensions of the workpiece.
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Equipment
The equipment used is a conventional lathe which is commonly used in Small and Medium businesses where
research is carried out and the tool used is an HSS tool.

Methods

The data collection method is to collect data from 4 (four) variations in cutting conditions, namely: cutting time,
surface strength. The collected data was then analyzed to see the performance of Small and Medium Companies in
terms of quality and quantity using conventional machines, then tests were carried out on several variations of
cutting conditions to obtain the following data: machining time (t), tool wear (VB), machining length (L), material
removal rate (MRR), surface roughness (Ra) of the machining workpiece. The data obtained is then processed to
obtain machinability performance in terms of quality and quantity and to see the extent to which improvements in
quality and quantity are obtained by cutting the conditions recommended by the results of this research.

There are 4 (four) variations in Cutting Conditions, namely:

CC1l:v =10 m/min; f=0.1 mm/rev;a=0.5mm

CC2:v=15m/min; f=0.1mm/rev; a=0.5mm

CC3:v=20m/min; f=0.1mm/rev;a=05mm

CC4:v=25m/min; f=0.1 mm/rev;a=0.5mm

4. RESEARCH RESULTS

Research results
The data on the results of machining work objects are as follows:

a. Tool Wear

Tool wear measurements were carried out using portable Loupe/.

In Figure 1 it is shown that each cutting process is carried out for about five minutes, and the faster wear occurs on
the tool with CC3 and CC4 cutting conditions, but the results obtained are still below 0.3 mm , which means it is
still within the permitted conditions.
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Figure 1. Graph of tool wear and machining time

b.  Surface roughness
Measurement of the surface roughness of the workpiece (specimen) using a Surface Roughness
Profillometer as in Figure 7 below.

The expected limit of Surface Roughness is 2.4 pm, from the Surface Roughness graph in figure 8 that the cutting
conditions CC3 and CC4 obtain suitable surface roughness as expected, while the roughness in the cutting
conditions at CC1 and CC2 is rougher.
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Figure 2. Graph of tool wear and surface roughness

c.  Machining Length
From Figure 3 it can be seen that the length of machining carried out in Small and Medium Enterprises, CC1, CC2,
CC3, is very short, which means the productivity is very low compared to CC4
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Figure 3. Graph of Machining Length and Machining Time

d. Machining Time

From figure 4 in the perspective of machining time, it can be seen that the fastest machining is in CC4, with v =25
m/min, f=0.1 mm/rad; a=0.5mm.
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Figure 4.Graph of Machining Time and Machining Volume.

e. Cutting Volume

In the perspective of cutting volume, it can be clearly seen in figure 5 that the cutting volume obtained by CC4 is
higher than that of CC1, CC2 and CC3.
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Figure 5. Graph of Machining Volume and Tool Wear

f.  Material Removal Rate (MRR)
From Figure 6 it can be seen that the highest Material Removal Rate (MRR) is in CC4 with 1.25 cm3 /
minute. This shows that the productivity of CC4 is better than others.
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Figure 6 Material Removal Rate per Cutting Condition.

5. CONCLUSIONS

Based on the data analysis above, the following conclusions can be drawn:

1. In terms of tool wear, CC1 and CC2 are better because the tool life is longer than CC3 and CC4.

2. In terms of long machining, CC4 is better than others because it can process workpieces for a long time of 8.8 km
in 3.15 minutes

3. In terms of surface roughness CC3 and CC4 fall into the criteria with surface roughness below 2.4 pm

4. In terms of cutting volume, CC4 is better than other cutting conditions, as it can produce a cutting volume of
4.807 mma3 in 3.15 minutes despite shorter tool life.

5. The highest Material Removal Rate (MRR) is at cutting condition 4 (CC4), namely 1.25 cm3 / min. This shows
the best productivity of the four cutting conditions in CC4

6. The best cutting condition of the four cutting conditions above is CC4, where V =25 m / min, f=0.1 mm/ rev.

[1].
[2].

[3].

[4].

[5].
[6].

[7].
8.

[9].
[10].
[11].

[12].

REFERENCES

https://bisnis.tempo.co, "Small and Medium Industries Targeted to Reach 182 Thousand," 2017.

MR Yanhar, MR Harahap, A. Bachori, S. Napid, and IS Poneni, "Fiber Laminate Adding Effect to Tensile
Strength, Hardness, and Fault Surface of Teki Grass (Cyperus Rotundus) Composite,” vol. 7, pp. 394-397,
2018.

SD Hindom, R. Poeng, and RCA Lumintang, "The Effect of Varying Machining Process Parameters on
Cutting Force on the Knuth Dm-1000a Lathe,” J. Online Poros Tek. Unsrat Machines, vol. 4, no. 1, pp. 36—
48, 2015.

HSSB Mo, B. Specimen, HSS Type, and B. Mo, "WEAR ON HSS CHISEL CUTTING TOOLS TYPE
BOHLER MO 1/ 2X4 By: Mechanical Engineering Education, Technical and Vocational Faculty, Ganesha
Education University, Singaraja, Indonesia Education Mechanical Engineering, Engineering and Vocational
Faculty, Educational University.”

AH Nasution, S. Napid, IS Poneni, and A. Hasibuan, "Machining Process Simulation to Find NC Program
and Cutting Time," vol. 7, pp. 376-380, 2018.

HS Steel, K. Panggang, and P. Hss, "Ruslan Dalimunthe: Effect of Cutting Speed on HSS Tool Life in the
Turning Process of AlISI 4340 139," pp. 139-145.

RH Rahmanto, "Hardness and Wear Analysis of HSS Lathe Tools," pp. 47-50.

S. J. Ojolo and O. Ogunkomaiya, “A study of effects of machining parameters on tool life,” vol. 3, no. 5, pp.
183-199, 2014.

S. Kalpakjian, “Manufacturing Engineering and Technology,” Addison Wesley. Addison Wesley, California,
1995.

Y. Lin, H. Chow, Y. Chen, and J. Liu, “Optimal Machining Parameters of EDM in Gas Based on Response
Surface Methodology,” vol. 5, no. 6, pp. 241-247, 2016.

A. M. Gaafer, M. H. G. Ghaith, T. Khalil, and A. A. Mostafa, “The Effect of Machining Parameters on the
Cutting Forces , Tool Wear , and Machined Surface Roughness of Metal Matrix Nano Composite Material,”
vol. 4, no. 3, pp. 43-50, 2015.

Lee, B. Y., Tarng, Y. S., & Lii, H. R. (2000). An investigation of modeling of the machining database in
turning operations. Journal of Materials Processing Technology, 105(1-2), 1-6. https://doi.org/
10.1016/S0924-0136(00)00535-5\

Copyright © 2024 Authors, Page 10
This Journal is licensed under a Commons Attribution-ShareAlike 4.0 International License


https://doi.org/

1st Proceeding of International Conference on Science and Technology UISU (ICST)
“Contribution of Engineering Disciplines to Achieving Sustainable Development Goals Research Realizing
the Vision of Golden Indonesia 2045”

ISSN: 3063-7929 (Online)

DOI: https://doi.org/10.30743/icst

[13].

[14].

[15].

Nasution, A. H., Ginting, A., Hamsi, A., & Harahap, B. (2005). Analisa parameter pemotongan terhadap
peningkatan produktivitas industri logam kecil menengah. Retrieved from
http://repository.usu.ac.id/bitstream/handle/123456789/15838/sim-apr2005-%20%282%29.pdf?sequence=1
&isAllowed =y

Nayyar, V., Kaminski, J., Kinnander, A.,, & Nyborg, L. (2012). An experimental investigation of
machinability of graphitic cast iron grades; Flake, compacted and spheroidal graphite iron in continuous
machining operations. Procedia CIRP, 1(1), 488—493. https://doi.org/10.1016/j.procir.2012.04.087

Nugroho, S., & Senoaji, K. (2010). Karakterisasi Pahat Bubut High Speed Steel (Hss) Boehler Tipe
Molibdenum (M2) Dan Tipe Cold Work Tool Steel (a8). Rotasi (Semarang), 12(3), 19-26.
https://doi.org/10.14710/rotasi.12.3.19-26

Copyright © 2024 Authors, Page 11
This Journal is licensed under a Commons Attribution-ShareAlike 4.0 International License


http://repository.usu.ac.id/bitstream/handle/123456789/15838/sim-apr2005-%20%282%29.pdf

