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Abstract: In this study, the experiment was conducted to investigate the advantage of dry machining over wet machining 
during turning of AISI 1020 steel using cemented carbide tool on a CNC lathe machine. Surface roughness and cutting 
temperature were measured by VOGEL surface roughness tester and infrared thermometer respectively. The 
experiments were conducted based on Taguchi L9 orthogonal array design. Surface roughness, cutting temperature, 
tool life, and machining cost were analyzed graphically. The average surface roughness and cutting temperature 
achieved with wet machining was 2.01 µm and 26.540C, which was 17.41% and 44.86% respectively, lower than dry 
machining. The high cutting temperature in dry turning result in short tool life, which was 41.15% shorter than wet 
turning. The machining cost of wet turning was about 56% greater than the cost of dry turning. The cost of coolant in wet 
turning is 42.88% greater than that of the cutting tools. The highest cost was shared by tool cost, which was 81.33% of 
the total cost for dry turning, while 70.00% of the total cost was shared by coolant cost for wet turning. Results revealed 
that dry turning is more economical than wet turning. 
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1. INTRODUCTION  
Most metal manufacturing factories demonstrate 

that metal cutting operations are carried out dry. 
However, in many other cases, cutting fluid is directed 
over the tool, to act as a coolant. Metal fabrication 
industries were compelled to consider dry machining to 
enforce environmental protection laws for occupational 
safety and health regulations (Sarikaya et al. 2021; 
Bagherzadeh and Budak, 2018; Aggarwal et al., 2008). 
Dry machining is ecologically desirable and is 
considered a necessity for manufacturing enterprises. 
Dry machining gives advantages of non-pollution of the 
environment, reduced disposal and cleaning costs, no 
danger to health, and it offers machining cost reduction 
(Ogedengbe et al., 2018; Kumar et al., 2015; Weinert 
et al. 2014). However, in dry cutting operations, the 
friction and adhesion between chip and tool tend to be 
higher, which causes higher temperatures, higher wear 
rates, and, consequently, shorter tool life (Yildirim et 
al., 2020; Pay et al., 2017). On the contrary, machining 
using cutting fluids has the advantage of better part 
quality, less tool wear, increases the tool life, 
contributes to a more economical cutting speed, and 
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improves the efficiency of the production systems 
(Galanis et al., 2008). Moreover, cutting fluids used to 
prevent the tool, workpiece, and machine from 
overheating and distorting improve surface finish and 
clean the chips from the cutting area.  

(Dilbag and Rao, 2008) pointed out that dry turning 
can enhance a good surface finish, but it reduces tool 
life and cause tool wear problems. (Debnath et al., 
2016) concluded that dry machining is applicable for 
machining steels, steel alloys, and cast irons except for 
aluminum alloys. Even though, the high friction at a 
tool-chip interface in dry cutting conditions significantly 
increases in temperature causes a higher level of 
abrasion, diffusion, and oxidation. (Azwadi et al., 2017; 
Akhil et al. 2016) mentioned that by using dry 
machining, the manufacturing cost of up to 7–17% can 
be reduced when compared to cutting fluid. However, 
in dry machining, a high level of friction between the 
two surfaces (tool-workpiece and tool-chips), can be 
brought to a high temperature in the cutting zone. The 
high temperature at the machining zone will eventually 
lead to short tool life and inaccurate dimensions of the 
workpiece (Sharma et al., 2011; O’sullivan et al., 2001; 
Sreejith et al., 2000). Therefore the disadvantages 
associated with it should be compensated to pursue 
dry machining (Bhuiyan et al., 2014]. The region with 
high temperature is shown as in Figure 1 below. 
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Wet machining is a machining technique in which a 
cooling jet is aimed at the active zone for cooling, 
lubricating, and gets rid of chips produced during 
machining. It is highly suitable for the grinding and 
turning process where high temperatures or sparks 
may occur can be avoided due to the water content of 
the coolant, which is present in the emulsion used 
(Anton et al., 2015; Palanisamy et al., 2009; Isik, 2010). 
During their study on analysis of the cutting fluid, (Adler 
et al., 2006) found one of the advantages of cutting 
fluids in machining operation is the ability to reduce 
heat generated at tool chip interface during machining. 
The reduction of heat can give a great benefit in the 
reduction of error surface, where the size of the 
machined surface irregularities of a surface is produced 
under ideal conditions. Besides, mechanical energy is 
used to form the chip to generate heat and high 
temperatures in the cutting region. (Aggarwal et al., 
2008) concluded that the main purpose of using cutting 
fluids in machining processes is to reduce the cutting 
temperature.  

The study was focused on the experimental 
investigation on the advantages of dry machining over 
wet machining during turning of AISI 1020 Steel. 
Although enormous work available on machining have 

reported on dry and wet machining process separately, 
rare work is reported on the dry and wet machining of 
the same material to investigate advantages of dry 
machining over wet machining. Therefore in this work, 
dry and wet turning processes were conducted on a 
CNC lathe for turning of AISI 1020 steel to investigate 
the advantage of dry turning over wet turning 
concerning surface roughness and machining cost. 
Furthermore, the aim of this work is to overcome the 
nowadays limitations of the study on dry and wet 
turning process to investigate advantages of dry 
machining over wet machining and to determine the 
machining performance during dry and wet turning of 
AISI1020 steel. 

2. MATERIALS AND METHODS  
In the present study, AISI 1020 grade steel is used 

as work material. Its chemical composition is given as 
in the following Table 1.  

Cemented carbide tool insert (CNMG120408) with a 
chemical composition of (65% W, 14 % Ti, 9 % Co and 
12 % C) is used for this experimental study. The tip has 
a tool angle of 300 and a nose radius of 1.6 mm. The 
DMTG CNC lathe machine with CKE 6150 model and 

 

Figure 1: Regions of heat generation in turning. 

Table 1: Chemical Composition of AISI 1020 Steel Material (wt %) 

C Si Mn P S Cr Mo Ni Al Co Cu Fe 

0.20 0.0046 0.386 0.018 0.02 0.025 0.0051 0.0077 0.0757 0.0157 0.014 99.3 
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power 7KW with a specification size of ∅500x1000mm 
was used for this study. Surface roughness was 
measured by the VOGEL Surface Roughness Tester 
with the 65711 model. The infrared thermometer was 
used to measure the cutting temperature. 

2.1. Cutting Fluid Specification Used in Wet 
Turning  

Vegetable-based oil is used in wet turning. The 
characteristics of the oil is as in the Table 2; 

2.2. Selection of Process Parameter 

The experiment was conducted by varying the 
cutting parameters such as spindle speed, feed rate, 
depth of cut, and the cutting parameters have been 
split into different level values. Level of cutting 
parameters were selected depending on knowledge 
found in the literature, according to the 
recommendations of tool manufacturer, and 
manufacturer’s handbook recommended for the tested 
material (Debnath et al., 2016; Tugrul et al., 2007; Isik, 
2010; Kagade et al., 2011). 

The selected cutting parameters were shown in 
Table 3.  

Table 3: List of Parameters and their Levels 

Levels Cutting 
Parameters Designations 

1 2 3 

Depth of Cut (mm) t 0.25 0.5 0.75 

Feed Rate 
(mm/min) f 60 80 100 

Spindle Speed 
(RPM) N 500 800 1100 

 

2.3. Design of Experiment 

The experiment was conducted according to L9 
orthogonal array which is generated by Minitab-18 
software. For each experiment separate tool insert is 
used. 

Table 4: Experimental Layout Using an L9 Orthogonal 
Array 

Exp. 
No 

Depth of Cut 
(mm) 

Feed rate 
(mm/min) 

Spindle Speed 
(rev/min) 

1 0.25 60 500 

2 0.25 80 800 

3 0.25 100 1100 

4 0.5 60 800 

5 0.5 80 1100 

6 0.5 100 500 

7 0.75 60 1100 

8 0.75 80 500 

9 0.75 100 800 

 

2.4. Specimen Preparations  

Two AISI 1020 mild steel specimen of 400mm in 
length and 30mm in diameter was prepared and it was 
gone to turning process with 1mm depth of cut to 
remove any irregular parts on the surface for 300mm of 
length. And then nine experiments with length of 30mm 
and 0.75, 0.5 and 0.25mm of depth of cut were 
operated with different turning parameters for 
experimental study with different cutting parameters 
which were selected by using orthogonal array. As it 
was shown in orthogonal array for the first three run of 
experiment with similar depth of cut, turning was 
performed on one piece which consists of three 
specimen as shown in Figure 2 below. Similarly for the 
experiment run with second and third level of depth of 
cut. 

RESULTS AND DISCUSSION 

Figure 2 shows the dry and wet turned specimen. 
Each piece consists of three specimens. The specimen 
name start with ‘W’ is wet turned specimens while the 
other that start with ‘D’ is dry turned specimens. Each 
number on the specimen corresponds to the run order 
in the orthogonal array. 

Table 2:  Characteristics of the Oil used as a Coolant 

Kinematic Viscosity 
@ 20 °C(cSt) 

Specific Gravity 
@20 °C 

Boiling Point 

(oC) 

Melting Point 

(oC) 

Acid Value 

(mgKOHg−1) 

Iodine Value 

(mglg−1) 

Saponification Value 

(mgKOHg−1) 

84 0.911 300 −6 0.8 80 190 
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3.1. Analysis of Surface Roughness 

Tables 5 and 6 presents the experimental results of 
surface roughness (Ra) values for each specimen 
which was measured three times and their average 
values for dry and wet turning respectively. Each 
surface roughness (Ra) value is the average of three 
trial readings.  

Surface roughness under dry and wet machining at 
different conditions as shown in Figure 3. It was clearly 
shown that the surface roughness produced under wet 
turning is lower than that produced under dry turning. 
Considering the average of all roughness results 
measured under dry and wet turning, the surface 
roughness achieved with wet machining is 17.41% 
lower than dry machining. The previous study by (Y. 
Kaynak et al., 2014) concluded that the role of wet 
turning on surface roughness was explained as; wet 
machining diminishes tool wear compared to dry 

machining, wet machining helps to preserve the tool 
geometry for a long time by reducing or eliminating 
possible built-up-edge (BUE) formation and wet turning 
prevents a possible distortion of the workpiece due to 
the high-temperature effect.  

The high tool-workpiece interface temperature effect 
in dry cutting results in the chips attached loosely to the 
surface being eliminated easily which contributes to the 
improvement of the surface roughness. The 
penetration of coolant into the cutting zone reduces 
friction between the contacting elements and lowers 
the temperature. Other researchers who obtained 
similar results stated that the need to cool the cutting 
zone with cutting fluid was to reduce friction by 
lubricating the contacting surfaces during machining 
(Yıldırım et al., 2020; Bagherzadeh and Budak, 2018). 
It is shown from Figure 3 that the surface roughness 
was increased with increasing spindle speed while the 

 

Figure 2: Wet and Dry turned Specimens. 

Table 5: Experimental Result of Surface Roughness Ra for Dry Turning 

Cutting Parameters Surface Roughness, Ra (µm) 
No 

t (mm) f (mm/min) N (RPM) I II III Average 

1 0.25 60 500 2.19 2.25 2.22 2.2 

2 0.25 80 800 1.89 1.85 1.87 1.87 

3 0.25 100 1100 2.10 2.15 2.14 2.13 

4 0.5 60 800 1.97 1.92 1.97 1.95 

5 0.5 80 1100 1.76 1.85 1.70 1.77 

6 0.5 100 500 4.06 3.91 4.00 3.99 

7 0.75 60 1100 1.68 1.82 1.78 1.76 

8 0.75 80 500 3.19 3.24 3.32 3.25 

9 0.75 100 800 3.08 2.88 2.95 2.97 
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opposite effect has occurred with increasing feed rate. 
The results are in line with the literature, and the details 
of this outcome were discussed in previous studies 
(Sarikaya and A. Güllü, 2014). 

As shown in Figure 3 the surface roughness of dry 
turning was higher than when the surface roughness of 
wet turning. The average surface roughness of nine 
experimental run of wet turning and dry turning were 
2.01µm and 2.43µm respectively. The result shows that 
the average of surface roughness of wet turning was 
2.01 µm and 26.540C, which was 17.41% lower than 
the average of surface roughness of dry turning. 
Maximum and minimum value of surface roughness 
was obtained at experiment numbers 6 and 7 
respectively both for dry and wet turning. This is 
because of the maximum feed rate and minimum 
spindle speed at run number 6 and minimum feed and 
maximum spindle speed at run number 7.  

3.2. Analysis of Cutting Temperature 

Table 7 shows the experimental result of cutting 
temperatures as designed according to the Taguchi 
method. 

The comparison cutting temperature for dry and wet 
turning were shown in Figure 5. The graph shows that 
the cutting temperature for wet turning was smaller as 
compared to dry turning. The average of all 
temperature results saved under dry and wet turning 
were computed, the result were 48.140C and 26.540C 
respectively. The result shows that the average cutting 
temperature of wet turning is lower by 44.86% than the 
average cutting temperature of dry turning. The cutting 
fluid penetrates the cutting zone to absorb the heat 
generated during machining. This cools the workpiece 
and tool surface. Moreover, the results imply that 
applying cutting fluids to the cutting zone reducing 
friction by lubricating the contacting surfaces which 

Table 6: Experimental Result of Surface Roughness Ra for Wet Turning 

Cutting Parameters Surface Roughness, Ra (µm) 
No 

t (mm) f (mm/min) N (RPM) I II III Average 

1 0.25 60 500 2.12 1.87 1.94 1.98 

2 0.25 80 800 1.48 1.54 1.58 1.53 

3 0.25 100 1100 2.04 1.85 2..01 1.97 

4 0.5 60 800 1.65 1.26 1.91 1.61 

5 0.5 80 1100 1.36 1.32 1.50 1.39 

6 0.5 100 500 3.68 3.16 2.98 3.27 

7 0.75 60 1100 1.30 1.32 1.26 1.29 

8 0.75 80 500 2.69 2.72 2.75 2.72 

9 0.75 100 800 2.19 2.42 2.35 2.32 

 

 

Figure 3: Surface roughness for each experimental run. 
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tends to reduce cutting temperature. It is clearly shown 
from Figure 4 that the cutting temperature increased 
with increasing spindle speed. 

3.3. Analysis of Tool Life 

The tool life for dry turning and wet turning was 
calculated using Taylor tool life equation. 

                             (1) 

Where, n, a, and b are Taylor’s tool life exponent 
and C is constant. The values of ‘n’ and ‘C’ depend 
mainly upon the tool work materials and the value of ‘a’ 
and ‘b’ depends on tool-work material and the cutting 
environment (cutting fluid application). The values of 
the constants are available in Machining Data 
Handbooks and can be evaluated from machining 
tests. In practice, typical values for cemented carbide 
tools for machining steel (low carbon steel) as 

workpieces are given in Table 8 (Groover, 2013; Rao et 
al., 2014; Nilesh et al., 2016; Kawthar 2016). 

Table 8: Taylor Tool Life Equation Constant Values 

Taylor Tool Life Equation Constants Cutting 
Conditions 

C n a b 

Dry Turning 500 0.25 0.30 0.15 

Wet Turning 500 0.25 0.45 0.2 

 

Tool life for dry and wet turning were calculated for 
each run of an experiment as in Table 9. As shown the 
longer tool life was obtained when all the cutting 
parameters are at their minimum level both in dry and 
wet turning conditions. At the first experimental run, all 
parameters are in their minimum level (i.e. 0.25mm 
depth of cut, 60mm/min feed rate, and 500RPM spindle 

Table7: Experimental Plan and Result for Cutting Temperature  

Temperature (0C) 
Exp’t No Depth of Cut (mm) Feed Rate (mm/min) Spindle Speed (RPM) 

Dry Wet 

1 0.25 60 500 38.2 24.2 

2 0.25 80 800 43.4 25.8 

3 0.25 100 1100 53.8 28.3 

4 0.5 60 800 45.0 26.4 

5 0.5 80 1100 58.3 27.0 

6 0.5 100 500 41.8 25.6 

7 0.75 60 1100 59.2 28.1 

8 0.75 80 500 44.1 26.4 

9 0.75 100 800 49.5 27.1 

 

 

Figure 4: Cutting Temperature value for each experimental run. 
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speed) and the maximum tool life of 14.22min in dry 
turning and 43.60min in wet turning were obtained. 

The comparison of tool life for dry and wet turning 
as shown in Figure 5. It was shown on graph that the 
tool life for dry turning reduced as compared wet 
turning. It is determined that the tool life at wet turning 
is higher than at dry turning. Maximum tool life was 
obtained at minimum spindle speed (500 rpm) both for 
dry and wet turning. As it was explained previously the 
increase in spindle speed tends to increase the cutting 
temperature which negatively affects the tool life. 
Therefore it was concluded from the result that 
increasing spindle speed tends to increase the cutting 
temperature which affects the tool life negatively.  

3.4. Analysis Machining Cost 

Achieving an economic machining process is 
important for metal fabrication industries. The total 

machining cost (CT) comprises energy consumption 
cost (Ce), overhead cost (Co), cutting tool cost (Ct), and 
coolant cost (Cc) which is described in the following 
equation.  

CT= Ce+Co+Ct+Cc              (2) 

3.4.1. Analysis of Energy Consumption Cost (Ce) 

Machine tools utilized in the manufacturing industry 
are responsible for consuming a significant portion of 
the total energy supplied worldwide. Due to the high 
unit energy price, energy consumption throughout 
production is an important factor that determines the 
total cost of the final product. The lowering in energy 
consumption enables companies to reduce machining 
costs. Therefore, analysis of the energy demands of 
the machine tools at different machining parameters 
and environments is very important. The electricity 
energy consumption cost by the machine is dependent 

Table 9: Tool Life Result for Dry Turning 

Cutting Parameters Tool Life (min) 
S/n 

Depth of Cut (mm) Feed Rate (mm/min) Spindle Speed (RPM) Dry Turning Wet Turning 

1 0.25 60 500 14.22 43.60 

2 0.25 80 800 8.09 12.33 

3 0.25 100 1100 6.44 7.30 

4 0.5 60 800 7.95 10.95 

5 0.5 80 1100 6.31 6.73 

6 0.5 100 500 9.68 17.01 

7 0.75 60 1100 6.40 6.76 

8 0.75 80 500 9.76 16.35 

9 0.75 100 800 6.68 7.33 

 

 

Figure 5: Tool Life for each Experimental Run. 
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upon machining time, the machine motor power, and 
unit energy cost. Ce can be described by the following 
relation: 

          (3) 

             (4) 

Where Ccut = cutting energy cost, Cncut = machine 
standby cost. 

While the machining time tm; 

       (5)  

As indicated in above equation the electricity 
consumption cost by the machine tool is dependent 

upon machining time for which machine tool is used, 
spindle motor power and unit energy cost. Machining 
time was calculated using Equation (5) and the result is 
shown in Table 10. The length of the cut was 30mm for 
each experimental run with 1mm allowance. Spindle 
motor power for DMTG CNC lathe machine with CKE 
6150 model is 7KW, coolant pump power is 240W and 
standby power is 2KW which is constant. The world 
average price for electric energy consumption is 
0.139$/KWh for household users and 0.126$/KWh for 
business users. The DMTG CNC lathe machine has 
85% efficiency (Gajrani et al, 2017). The energy 
consumption cost was obtained both for dry and wet 
turning using Equation (3) and summarized as the 
following Table 10.  

As it was clearly shown in Table 10 and Figure 6 the 
energy consumption cost for wet turning environment 

Table 10: Energy Consumption Cost 

Cutting Parameters Machining Time Energy Consumption Cost 
S/n 

t (mm) f (mm/min) N (RPM) tm (min) Dry, Ce ($) Wet, Ce ($) 

1 0.25 60 500 0.5167 0.0115 0.0118 

2 0.25 80 800 0.3875 0.0086 0.0088 

3 0.25 100 1100 0.31 0.0069 0.0071 

4 0.5 60 800 0.5167 0.0115 0.0118 

5 0.5 80 1100 0.3875 0.0086 0.0088 

6 0.5 100 500 0.31 0.0069 0.0071 

7 0.75 60 1100 0.5167 0.0115 0.0118 

8 0.75 80 500 0.3875 0.0086 0.0088 

9 0.75 100 800 0.31 0.0069 0.0071 

 

 

Figure 6: Energy Consumption Cost. 
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was greater than that of a dry turning environment 
because wet turning needs additional power for 
delivering cutting fluids by coolant pump. The average 
electrical energy consumption cost for wet turning was 
about 3% greater than that of dry turning. At 
experimental run numbers 1, 4 and 7 the energy 
consumption cost was high. This is due to low value of 
feed rate which causes high machining time enfulenced 
a high consumption of electric power. 

3.4.2. Analysis Overhead Cost (Co) 

The overhead cost of machining consisted of 
operator cost (Cop), cost of lighting and HVAC (CL), and 
machine depreciation cost (Cm) which is given as the 
following equation: 

          (6) 

Where operator cost is the operating cost during the 
machining and given as follows; 

             (7) 

Similarly, the cost of lighting; 

             (8) 

The cost of machine depreciation is determined as 
follows: 

             (9) 

Operator cost was calculated by using Equation (6) 
and operator labor rate 6.57$/hr and 1 operator. Cost 
of lighting and HVAC was also calculated using 
Equation (7). The machine cost was calculated by 
using an initial cost of DMTG CNC lathe machine of 
CKE 6150 model 20,000$, depreciation value of 
1200$/year, 270 annual working days and the service 
life of the machine was 5 years (Munish et al., 2021).  

The result of the overhead cost was calculated and 
summarized as in Table 11. In a similar manner to 
energy consumption cost, the overhead cost was also 
highly dependent on the feed rate which determines 
the machining time. As shown in Figure 7 overhead 
cost was high at low feed rate. Accordingly, it can be 
deduced from Figure 11 that the share of the overhead 
cost in the total cost per unit part is 13.47% and 6.00% 
for dry and wet turning respectively. 

3.4.3. Analysis of Tool Cost (Ct) 

During the mass production of components by 
machining, tool cost takes a substantial part of the total 
machining cost. To minimize this several measures 
such as reducing cutting parameters and using coolant 
fluid are taken as a solution. When the cutting tool 
insert reaches 0.3 mm wear value (VBmax = 0.3 mm), 
it can be reground and can be sold at a lower price. 
Therefore, the net cutting tool inserts cost is: 

      (10) 

Tool cost depends on initial insert price, resale price 
after its wear and life of the tool. Unit insert for 
cemented carbide insert price is 14$ and its resale 
price is 6$. Tool life for dry and wet turning was taken 

Table 11: Overhead Cost 

s/n 
tm  

(min) 

Operator Cost  

($) 

Lighting and HVAC cost  

($) 

Machine Depreciation Cost  

($) 

Total Overhead Cost  

($) 

1 0.5167 0.1315 0.0246 0.0048 0.1610 

2 0.3875 0.0986 0.0185 0.0036 0.1207 

3 0.31 0.0789 0.0148 0.0029 0.0966 

4 0.5167 0.1315 0.0246 0.0048 0.1610 

5 0.3875 0.0986 0.0185 0.0036 0.1207 

6 0.31 0.0789 0.0148 0.0029 0.0966 

7 0.5167 0.1315 0.0246 0.0048 0.1610 

8 0.3875 0.0986 0.0185 0.0036 0.1207 

9 0.31 0.0789 0.0148 0.0029 0.0966 
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from Table 9. The result of tool cost was calculated 
using equation (10) and summarized as in Table 13. 
From the result obtained, the value of tool cost in dry 
turning was greater than that of wet turning. This is due 
to the shorter tool life in dry turning. Figure 11 
illustrates the proportion of tool cost in total machining 
cost. According to this, cutting tool costs account for 
81.33% and 27.60% of total cost in machining under 
dry and wet turning conditions respectively. As can be 
seen, tool cost has the second-largest share after 
coolant cost in wet turning and it has the largest cost in 
dry turning condition. 

3.4.4. Analysis of Coolant Cost (Cc) 

In addition to energy consumption cost, overhead 
cost and cutting tool cost wet turning has coolant cost. 
It is the cost of a specific volume of coolant or cutting 
fluid. In machining operations, coolant cost is 

responsible for 15–17% of the final part cost (Sidik et 
al., 2017). It has been noted that costs associated with 
cutting fluids in such operations can be higher than the 

 

Figure 7: Overhead Cost.  

 
Table 12: Tool Cost 

s/n tm 

(min) 
Dry Turning Tool Life 

(min) 
Wet Turning Tool Life 

(min) 
Dry Turning Tool Cost 

($) 
Wet Turning Tool Cost 

($) 

1 0.5167 14.22 43.60 0.291 0.095 

2 0.3875 8.09 12.33 0.383 0.251 

3 0.31 6.44 7.30 0.385 0.340 

4 0.5167 7.95 10.95 0.520 0.378 

5 0.3875 6.31 6.73 0.491 0.461 

6 0.31 9.68 17.01 0.256 0.146 

7 0.5167 6.40 6.76 0.646 0.611 

8 0.3875 9.76 16.35 0.318 0.190 

9 0.31 6.68 7.33 0.371 0.338 

 

 

Figure 8: Tool Cost. 
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costs of cutting tools (Gajrani, et al., 2017). The cost of 
lubricant is dependent upon the cost per liter, flow rate, 
and machining time. Coolant cost is calculated as; 

      (11) 

Water-soluble oil used in wet turning has a 
proportion of 1:20 oil to water ratio. The flow rate of the 
coolant was 3.52L/min. the cost of water-soluble oil 
was 10$/L. In this study cost of cutting fluid was 
obtained by using equation (11) and the result was 
shown as in Table 13. Figure 11 exhibits that the 
cooling cost has a share of 0% and 70.00% within the 
total cost for dry turning and wet turning, respectively. 
In an operation using coolant in wet turning is the 
reason for the higher share of coolant costs in the total 
cost and it is undoubtedly due to its higher 
consumption per unit time.  

Figure 9 shows the coolant cost for each 
experimental run. As it is indicated coolant cost is 
higher in experimental run numbers 1, 4 and 7. This is 
due to the low feed rate which result in a longer 
machining time. This longer machining time makes the 
amount of coolant consumed higher.  

3.4.5. Total Machining Cost 

Total machining cost is the sum of energy 
consumption cost, overhead cost, tool cost and coolant 
cost. The total machining cost for dry and wet turning 
was shown in Table 14. Figure 10 demonstrates the 
total machining cost for each experimental for different 
machining environments (i.e. dry turning and wet 

turning). The total machining cost is lower for dry 
turning as it has been observed in all experimental run. 
Taking the total average sum of all costs for all 
experimental run, the cost of wet turning was about 
56% greater than the cost of dry turning. This is 
because as it was explained that the cost of cutting 
fluid is greater than that of the cost of the cutting tool 
which is not present in dry turning. The cost of coolant 
in wet turning is 42.88% greater than that of the cutting 
tool. 

Figure 11 (a) and (b) shows the percentage cost 
sharing of the machining cost in a dry and wet turning 
environment. As clearly shown in the chart the highest 
cost was shared by tool cost, which was 81.33% of the 
total cost, for dry turning. While 70.00% of the total cost 

Table 14: The Total Cost for Dry and Wet Turning 

Cost ($) 

Energy Overhead Tool Coolant Total s/n 

Dry Wet Dry=Wet Dry Wet Dry Wet Dry Wet 

1 0.0332 0.0497 0.0860 0.291 0.0948 0 0.9093 0.4100 1.1399 

2 0.0249 0.0373 0.0645 0.3832 0.2514 0 0.682 0.4726 1.0352 

3 0.0199 0.0298 0.0516 0.3850 0.3397 0 0.546 0.4565 0.9668 

4 0.0332 0.0497 0.0860 0.5199 0.377 0 0.9093 0.6391 1.4227 

5 0.0249 0.0373 0.0645 0.4915 0.4608 0 0.682 0.5809 1.2447 

6 0.0199 0.0298 0.0516 0.2561 0.1458 0 0.546 0.3276 0.7728 

7 0.0332 0.0497 0.0860 0.6460 0.6112 0 0.9093 0.7652 1.6563 

8 0.0249 0.0373 0.0645 0.318 0.1896 0 0.682 0.4070 0.9734 

9 0.0199 0.0298 0.0516 0.3713 0.3384 0 0.5456 0.4428 0.9654 

 

Table 13: The Result of Coolant Cost 

Machining Time Coolant Cost ($) 
s/n 

tm (min) Dry Wet 

1 0.516667 0 0.909333 

2 0.3875 0 0.682 

3 0.31 0 0.5456 

4 0.516667 0 0.909333 

5 0.3875 0 0.682 

6 0.31 0 0.5456 

7 0.516667 0 0.909333 

8 0.3875 0 0.682 

9 0.31 0 0.5456 
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was shared by coolant cost for wet turning. 

 

Figure 11: Cost sharing under (a). Dry and (b). Wet turning 
environment. 

4. CONCLUSION 

This paper explores the experimental investigation 
on the advantage of dry machining over wet machining 
during turning of AISI 1020 steel on CNC lathe 
machine using cemented carbide cutting tool. 

• Surface roughness, cutting temperature, tool life, 
and machining cost were analyzed. The average 
surface roughness achieved with wet machining 
was 17.41% lower than dry machining. The high 
cutting temperature in dry turning results in short 
tool life. However, the cost of wet turning was 
about 56% greater than the cost of dry turning. 
This was due to the higher cost of coolant in wet 
turning which is 42.88% greater than that of a 
cutting tool.  

• The highest cost was shared by tool cost, which 
was 81.33% of the total cost for dry turning, 
while 70.00% of the total cost was shared by 
coolant cost for wet turning. 

• Results revealed that even though it shows a 
little difference in surface roughness and tool life 

 

Figure 9: Coolant Cost. 

 

Figure 10: Total machining cost for different experimental runs. 



24    Journal of Modern Mechanical Engineering and Technology, 2021, Vol. 8 Bedada et al. 

is shorter in dry turning since coolant cost was 
by far greater than tool cost, dry turning is more 
economical. 
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