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Abstract 
 
To improve the productivity of this machining perhaps it may be recommended in a dry cutting but a dry cutting is recognized very sen-
sitive to a high temperature. In this case, in order to overcome is perhaps required by using a tool carbide either in layers or without any 

layers whereby each layer has certain superior. There was conducted an experiment to have an optimum cutting on a carbon steel VCN-
150 using a layers tool carbide  and Respond Surface Method (RSM) with a CCD operation. The result of study recommended that con-
dition optimum cutting shall be achieved (When cutting tc ) on a medium machining refers to ISO 3685 and medium surface roughness 

(Ra ) ISO 1320. Statistically, there is no found significant difference between a dry and wet cutting on optimum dry condition. 
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1. Introduction 

It is mostly in Medan and surroundings area the Small and Middle 
scale industries (SMI) on machining found that cutting on carbon 
steel, gray cast iron and non ferro and chisels there is used a High 
Speed Steel (HSS), proudly as in manufactured is able to compet-
ed with similar products. Unfortunately, the industries are facing a 
lower productivity as main problem.  

In order to overcome the causes of lower productivity as above, it 
is highly required solution with improvements as in generally 
called machine-ability up. In order to improve machine-ability of 
carbon steel as material many used by SMIs in Medan, several 
researchers reported already the methods to improve a machine-
able of the material[1], [2]. 
Wassila’s publication reported that parameters of cutting such as 
speed of cutting (V), feed (f), and depth of cutting (a) can be more 

optimum to shorten time duration (production) and to have maxi-
mum productivity. 
Noordin [3] reported that the speed of cutting is very influential 
factor to Ra that analyzed adopting analysis of variance (anoval), 
So, a dry cutting has highly potential to replace the wet cutting. 
Haroen [4] reported that packaging surface of product is highly 
influenced by condition of cutting, worn chisel with lubricated 
cutting or not while cutting[5]–[7]. Therefore, no fluid machining 
(dry cutting) has potency to replace the machining with liquid (wet 

cutting). 
A dry cutting while cutting the carbon steel will be influenced by a 
rapid and highly rising of temperature cutting that able to damage 
chisel soon[3], [8], [9]. One of solutions to overcome the problems 
on the dry cutting is recommended using a chisel as designed ca-
pable to work in a highly temperature of cutting as layered carbide 
or not layer [9] [8] reported that coating carbide chisel is capable 

to improve the hardness and toughness of chisel that it should 
reduce friction and worn out chisel[10]–[14].  
In order to have optimum cutting is there used Respond Surface 
Method (RSM) since in this method the data (population) required 
can be limited possible saving time and cost as it has already done 
[3]. The objective of this study are: 

a. To obtain an optimum cutting condition on carbon steel lath-
ing VCN-150 using a layer carbide chisel with Respond Sur-
face Method (RSM).  

b. To compare performance of dry cutting and wet cutting while 
working on roughness 

2. Methodology 

The material in this study used carbon steel VCN-150 in rounded 
geometry with mechanical and chemical properties as in table 1. 

 
Table 1: Mechanical Property of Carbon Steel VCN-150 

No Description Volume 

1. Tensile strength ultimate 584.23 Mpa 

2. Tensile strength  yield 373.65 Mpa 

3. Elongation at break 49.6 % 

4. Vickers  hardness 184.8 VHN 

5. Poisson’s ratio 0.29 

6. Shear modulus 80 Gpa 

7. Density 7.85 g/cc 

 
Table 2: Chemical Composition of VCN-150 

C % Mn % P % Cr % Si  % Ni % 

0.43÷0.5 0.6÷0.9  0.01

1 

0,03÷1.5 0.24÷0.3 0.1÷1.5  

http://creativecommons.org/licenses/by/3.0/


390 International Journal of Engineering & Technology 

 
In analyzing the data, this study adopted Respond Survey Method 
(RSM), beside it is fitting to use of taking data destructively done, 
but also very applicable to have an optimum price in the study, 
where it may comprised data input more than two, and its station-
ary point can be determined yet. The testing has been done to 
obtain specimen behavior Ra  on the machining process of dry and 
wet cutting. In the testing, it has been chosen machining process 
with lathing machining CNC having a manufacturing standard 

EMCOTURN-242 and tool holder PTGNR.2020-K16T. The chis-
el used such as insert type of standard ISO M-15 TCGT 110204R-
K Seri CT5015 two layers WC+Co/TiAIN+TiN formed triangle 
60o with the cutting data as below. 
 

Table 3: The Cutting Data of Chisel 
No. Details  Unit  

1. 

2. 

3. 

4. 

Angle Radius  (rc) 

Depth of Cutting  (a)  

Clear-cut  (f) 

Speed of cutting  (V)  

0.3 mm 

0.4
 
÷ 5.0 mm 

0.1 ÷ 0.3 mm/rev 

Max. 480 m/min  

Still, measure tool need to use such as:  

a. Measuring tool surface roughness  
b. Measuring tool to a product dimension  
c. Measuring tool tachometer  
d. Measuring tool stop watch. 
e. Measuring tool to a wear instrument (Loeb)  
This study shall be done in stages, assumed that product of ma-
chining and measuring of specimen shall be made in table to be 
seen clearly the correlation inter variable to simplify a further 

process, started in: 
1. Pre-study is to get Ra and  tc  values in a minimum and maxi-

mum cutting condition of carbonate steel VCN-150 bases to 
ISO 3685 

2. Entry the data of pre-study result into Minitab software with 
central composite design (CCD) operation with α = 1 

3. Make planning to optimal V, f and  a   by treatment value of 
Ra and ta 

4. To have respond optimize by input condition of cutting result 

treatment  
5. Make calculation using two-order equation to Ra and  tc  in 

order to have mathematics equation model. 
6. Determine a dry optimum cutting condition on  Ra (1.6 ÷ 6.3 

µm) and  tc (10 ÷ 15 men) on  VB 0.3 mm to medium machin-
ing bases the result of calculation. 

7. Make cutting and re-measuring on optimum cutting condition 
either dry or wet. 

Pre-study cutting is done aimed at getting a minimum cutting con-
dition (lowest limit) and maximum cutting condition (highest limit) 
able to gain by chisel refers to recommendation Tiziloque, (2003) 
on a medium work material carbonate steel with hardness 184.8 
VHN and the results as Table 4 below. 
 

Table 4: Condition of Pre-Study Cutting 
No V f a VB tc Ra 

1 300 0.1 2.5 0,3 25.2 2.3 

2 450 0.25 3.5 0.3 5.6 12.6 

It has been conducted a treatment to optimal condition of cutting 
V (speed of cutting), and f (clear-cut) and a (depth of cutting) on 
value ranged Ra between 2.3 ÷ 12.6 µm and tc between 5.6 ÷ 25.2 
men. The purpose is to have respond surface regression (Ra)  and 
cutting time regression (tc versus speed of cutting (V), clear-cut (f) 

and depth of cutting (a) until find a probability gain rate  5 %. 

3. Results and Discussion 

The cutting condition as resulted in pre-study then, analyzed using 
a Respond Surface Method (RSM). This analysis is done with 
aided soft-ware Minitab-16 obtained from 

www/minitab.com/downloads freely, fully-functional version of 
Minitab-16 for 30-day trial (Minitab Inc, 2016). The results of 
pre-study as above, further analyzed using a software Minitab 14 
with central operation CCD factor = 3, replicate = 1, base run = 20,  

total run = 20, total block  = 1 and α = 1. The data result of cutting 
in pre-study is then input into software Minitab-16 and the result 
as Figure 1. It can be seen on Figure 1 that correlation between Ra 
and tc on a lower surface roughness rate (fine) required a longer 
time of cutting and vice versa. Alike condition indicated that there 
is an influencing each other between cutting condition variable 

over  Ra and tc of machining. 

 
Figure 1: Graphic Treatment Ra and tc 

 

This alike condition indicated that limit range of cutting condition 
as observed, is not sufficient although the cutting condition as 
resulted in aided by software Minitab-16 used is in ranged mini-
mum limit with maximum of pre-study. 

 
Table 5: Condition of Cutting Using Minitab-16 Software 

     Speed of Cutting (V) 300 m/min 375 m/min 450 m/min 

Clear-cut   (f) 0.1 mm/rev 0.2 mm/rev 0.25 mm/rev 

Speed of cutting  (a) 2.0 mm 2.75 mm 3.5 mm 

In order to optimum the plan on Figure 1 as above, there is done in 
treatment rate Ra  between 2.3 ÷ 12.6 µm and  tc  between 5.6 ÷ 
25.2 min, aimed at approaching to probability price  (P) smaller or 
equal 0.05. The results seen that  rate (Ra) there lies outside ranges 
rate  Ra  of pre-study namely no series 26 and 27 with  Ra = 13.1 
and 13.8 µm is greater than the highest limit  Ra = 12.6 µm is 
greater than upper limit roughness surface of pre-study. Whereas 

the result treatment tc is still available on time ranged of time limit 
of cutting in pre-study between 5.6 ÷ 25.2 min or limit time of 
cutting as recommended ISO 3685. This showed there is a closed 
correlation between condition of cutting to get rate of surface 
roughness and time of cutting. In order to have or approach price 
optimum of surface roughness (Ra) and time of cutting (tc)  on 
Figure 1, so parameter surface roughness and time of cutting must 
be determined prior as Table 6. 

 
Table 6L: Parameter Ra and tc

 

Condition Goal Lowet Limit  Target Upper Limit 

 Surface roughness (Ra)  Maximum 2.3 μm 5.6 μm 6.30 μm 

Time of cutting  (tc)  Minimum 10.00 min 10.00 min 25.2 min 

In order to get an optimal response (predicted) of surface rough-
ness (Ra) and time of cutting (tc) is done a data analysis in Figure 1 

used Minitab-16 software aided. The results obtained such data of 
global settlement (variety cutting condition) and respond predicted 
(surface roughness rate) as Table 7, 8 and 9, thence gained 27 
varieties condition of cutting as provided on Figure 2. 

Table 7: Starting Point 

Laju   Speed of Cutting  (V) 300,0 m/min 

Clear-cut (f) 0.1 mm/rev 

Depth of Cutting (a) 2.0 mm 

 

Table 8: Global Settlement 

Laju    Speed of cutting (V) 300,0 m/min 

Clear-cut  (f)  0.15 mm/rev 

Depth of cutting (a)  2.0 mm 

 

Table 9: Predicted Respond 

Ra 2.7 μm Desirability 1.0 

tc 18.0 Desirability 1.0 

Composite Desirability = 1.00000 

 

Figure 1 showed that surface roughness prediction rate (Ra) as 

resulted in optimum respond with the lowest rate 2.7 µm  and the 
highest 13.8 µm has been outside the rate ranged of result treat-
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ment surface roughness (Ra) namely 2.3 µm lowest limit and 12.6 
µm highest limit. This condition can be also consequence strongly 
interaction between variables of cutting condition. 

 
Figure 2: Graphic Condition of Cutting vs  Ra and tc 

 
The result of treatment in software Minitab-16 as Figure 1 is ana-
lyzed using a two-order equation so that resulted in an equation 
mathematics as the following.  
The mathematics equation for surface roughness.  
Ra = 49.2 – 0.379 V – 51.9 f + 8.44 a + 0.000791 V2 + 284 f2 – 

2.84a2 – 0.124 Vf + 0.0130 Va + 10.6 fa 
 
The mathematics equation for time of cutting:  
tc = 52.7 + 0.592 V + 232 f – 117 a – 0.00157 V2    – 1837 f2 + 

27.5 a2 + 0.782 Vf  + 25.8 fa 

 
Observing the result of calculation using a two-order equation as 
made in format Figure 3 showed that surface roughness (tc) order 

20 and started adding its roughness up for the following time peri-
od, whereas the cutting time (tc) is upper in the starting of opera-
tion and go down means the time of cutting required go decreased 
down. 

 
Figure 3: Graphic Condition of Cutting vs Calculation Ra and tc 

 
Observing Figure 4 namely correlation between surface roughness 
(Ra) compared a clear-cutting (f) and speed of cutting (V) is a 
form of surface as resulted variable condition of cutting accord-
ance to Figure 2 with speed of cutting (V) between 300 ÷ 450 
m/min, clear-cutting (f) 0.1 ÷ 0.25 mm/rev and depth of cutting (a) 
2 ÷ 3.5 mm that surface roughness as recommended started < 4 

µm lowest (the finest) is lied on the peak top and  > 10 µm is the 
greatest (the most roughness) is on bottom. The form of this sur-
face divided into 8 levels started surface roughness between 9 ÷ 
10 µm moving shifted to 4 ÷ 5 µm, this data showed that clear-
cutting (f) is more dominant compared the depth of cutting (a) to 
the surface roughness. The form of surface as above also indicated 
that in essentially RSM cannot result any optimum point from a 
research operation and it can recommend only a location or points 

or optimum lines. 

 

 

Figure 4: Form of Surface vs f and V 
 
After made calculation using mathematics equation 1 and 2 ob-
tained the result of surface roughness (Ra) between 1.6 ÷ 6.3 µm 
and ranges time of cutting (tc) between 10 ÷ 15 minutes for a con-
dition finish medium machining determined in 3 variables condi-
tion of cutting fulfilling qualification to make into condition of 
optimum cutting as Table 10 as below.  

Table 10: Condition of Optimum Cutting vs Ra and tc 

V (m/min) f (mm/rev) a (mm) Ra (μm) tc (min) 

300 0.15 2.0 5.4 13.4 

449.9 0.17 2.2 5.6 14.7 

353.4 0.15 2.0 4.8 14.1 

Figure 2 is a graphic displaying comparison of gained surface 
roughness (Ra) averagely between the result of calculation to ex-
periment on dry condition cutting and by 3 points optimum sur-

face roughness (Ra) as above indicated that surface roughness rate 
of experiment is lower compared the result of calculation. As seen 
again to Figure 2 (the result of analysis of Minitab-16 software) 
there is a closed correlation between variety condition of cutting 
(V, f and  a) to the cutting time and surface roughness of machin-
ing, extended time of cutting achievable by chisel (refers ISO 
3685), the results is tending to produce a lower surface roughness. 

 
Figure 5: Graphic Roughness of Dry Surface 

 

 
Figure 6: Graphic Time of Dry Cutting  

 
The result of experiment on wet machining as of 3 conditions of 
optimum cutting order 1 through 3 resulted in average surface 
roughness (Ra) is better = 5.5 compared the result of surface 
roughness of calculation = 5.8 µm found = 0.3 µm whereas the 
time of cutting (tc) averagely indicated that the result of calcula-
tion is shorter namely = 13.6 min compared the result of experi-
ment with time = 14.7 min about 1.1 min. The difference in sur-

face roughness rate (Ra) and time of cutting (tc) result of experi-
ment on dry optimum cutting condition with wet is 0.15 µm and 
1.14 min. This existence indicated that cutting gained not produce 
a significant difference on surface roughness (Ra) and time of 
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cutting (tc). Seen Figure 5, 6, 7 and 8 showed that surface rough-
ness rate (Ra)  averagely there is no significant difference  between 
the result of calculation with experiment on dry and wet condition 
done, whereas on time of cutting (tc) found additional time of 
cutting average 7.76%. This indicated that machining operation on 
wet condition not influenced more compared to dry condition (use 
no fluid of cutting) to the surface roughness rate of machining. 

 
Figure 7: Graphic Wet Surface Roughness  

 
Figure 8: Graphic Wet Cutting Time 

In order to know whether the result of cutting on dry condition has 

significant difference on the cutting on wet condition is analyzed 
using a statistic test t due data population is still below 30 (Wal-

pole and Reymond, 1996). By Figure 5 and 6, obtained rate 1x = 

3.17 %, n1 = 4, 2x = 3.32 and n2 = 3 then can calculate using 

formula below.       
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Figure 9: Graphic of Significance Surface Roughness (Ra) 

 

 
Figure 10: Graphic of Significance Time of Cutting (tc) 

 

Refers to the result of statistical analysis on surface roughness rate 
(Ra) and time of cutting (tc) on optimum dry condition and wet 
condition make a significant difference, if viewed from machining 
process side this present alternative option on dry machining to 
apply on IKM businessmen of machining many handle processing 
carbonate steel material. If viewed from economics point that 
without any fluid of cutting truly is going to run down ranges 16 ÷ 
20 % of production cost  as presented by Sreejith and Ngoi (2000) 

in paper. This however indicated that dry machining of carbonate 
steel able to improve productivity on medium machining rate re-
fers to standard ISO 3685. 

4. Conclusion 

By analysis, data presented and discussion as previously men-

tioned, it can conclude that as followings:  
a. The Respond Surface Method (RSM) is successful applied on 

the dry optimum cutting to carbonate steel VCN-150 on the 
cutting condition V = 300 m/min, f = 0.15 mm/rev and a = 2.0 
mm the result Ra = 5.4 µm and  tc = 13.4 min, the cutting con-
dition V = 449.9 m/min, f = 0.17 mm/rev and a = 2.2 mm with 
result Ra = 5.6 µm and  tc = 14.7 min, the cutting condition V 
= 353.4 m/min, f = 0.15 mm/rev and  a = 2.0 mm with the re-

sult Ra = 4.8 µm  and  tc = 14.1 min.  
b. There is no found significant differences between dry machin-

ing to wet on optimum cutting condition of dry V = 300 
m/min, f = 0.15 mm/rev and a = 2.0 mm with result Ra = 5.4 
µm (dry)  Ra = 5.1 µm (wet) and  tc = 13.4 min (dry)  tc = 14.7 
min (wet), optimum cutting condition of dry V = 449.9 m/min,  
f = 0.17 mm/rev and  a = 2.2 mm with results Ra = 5.6 µm 
(dry)  Ra = 5.2 µm (wet) and  tc = 14.7 min (dry)  tc = 14.9 min 

(wet), an optimum cutting condition of dry cutting V = 353.4 
m/min,  f = 0.15 mm/rev and  a = 2.0 mm results   Ra = 4.8 µm 
(dry)  Ra = 5.7 µm (wet) and  tc = 14.8 min (wet).  

c. It is proved by an statistical analysis with results  th = -0.1058 
< tα/2 = (2.447) so H0 is acceptable  means there is no signifi-
cant differences of surface roughness (Ra) between the dry 
cutting condition to the wet cutting condition. On the time of 
cutting as th = -1.3250 <  tα/2 = (2.447) so H0 is acceptable 
means there is no significant difference of time cutting  (tc) be-

tween dry cutting condition with the wet cutting condition. 
d. The machining with carbonate steel using carbide chisel can 

be implemented and recommended to those IKM-small indus-
tries in Medan and surroundings.  

e. At the end of study indicated that dry machining is highly 
potential used if viewed from age aspect of chisel and packag-
ing of machining’ surface. 
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