
Sakarya University Journal of Science
ISSN 1301-4048 | e-ISSN 2147-835X | Period Bimonthly | Founded: 1997 | Publisher Sakarya University |

http://www.saujs.sakarya.edu.tr/

Title: Experimental And Statistical Investigation Of Surface Roughness İn Turning Of
Aısı 4140 Steel

Authors: Harun Akkuş
Recieved: 2018-11-30 15:12:02

Accepted: 2019-03-20 09:42:41

Article Type: Research Article
Volume: 23
Issue: 5
Month: October
Year: 2019
Pages: 775-781

How to cite
Harun Akkuş; (2019), Experimental And Statistical Investigation Of Surface
Roughness İn Turning Of Aısı 4140 Steel. Sakarya University Journal of Science,
23(5), 775-781, DOI: 10.16984/saufenbilder.490668
Access link
http://www.saujs.sakarya.edu.tr/issue/44066/490668

New submission to SAUJS
http://dergipark.gov.tr/journal/1115/submission/start



Experimental and Statistical Investigation of Ra in Turning of AISI 4140 

Harun AKKUŞ*1  

Abstract 

In this study, 48 HRC hardness AISI 4140 is turned on in different cutting parameters and cooling environment. The 
Taguchi L9 test design was developed based on the three-level cutting speed (V), feed rate (f), depth of cut (a) and 
cooling environment parameters. According to the L9 experimental design, the mean surface roughness (Ra) values 
were measured. Chip form occurring during turning is photographed. The S/N (Signal/Noise) ratios of the Taguchi 
experiment design in the Minitab program have been determined. According to the experimental results, the most 
significant effect on the Ra from the four factors was found in the hand made by the depth of cut. In ANOVA, it was 
respectively determined that depth of cut, cutting speed, feed rate and cooling environment affected 95% confidence 
in Ra value. It has been found that the repeat experiments for the optimum parameters yielded about 90% accuracy 
compared to the Taguchi estimate. 
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1. INTRODUCTION 

Recently, improvements in the resulting cutting insert 
and machine tools has enabled the material to be 
processed to form hardened. The production of the 
material in the hardened state provides the following 
advantages; reduction in processing time, reduction in 
the number of machine tools required, reduction in 
processing costs, better surface quality, reduction in 
finish operations, removal of degradation caused by 
heat treatment, production of complex parts, etc. [1,2] 

The goal in machining is to bring a workpiece to the 
desired geometry and to provide the desired surface 
qualities in the workpiece [3]. To create this geometry, 
the production engineer must determine factors such as 
the appropriate material, tool, cooling environment, 
cutting parameters, and looms. An important part of 
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machining is turning. The turning operation is a 
cylindrical shaping operation designed to take up a 
piece of material through a rotating material. Today, 
there are different studies about turning [4,5]. Surface 
roughness, tool wear, vibration, acoustic emission, 
force values resulting from turning are the main issues 
of today's articles [6-9]. These values are studied 
experimentally, simulated and statistically [10,11]. 

Taguchi optimization method, presently the most 
commonly preferred method optimization. Taguchi 
method; with a low-cost development cycle, aims to 
improve product performance in system and process 
design. This method is an experimental and analytical 
approach that determines the most efficient parameters 
on total performance. The Taguchi method provides a 
design that covers the whole process with a few 
experiments [12-15]. This saves time and money. 
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One of the important parameters in machining is 
surface quality [16]. Surface roughness is considerably 
influential on piston-cylinder mechanisms, bearings, 
gears et al. [17]. Surface texture is used as an effective 
factor in machining. Surface roughness or texture is the 
most commonly used quality indicator [18]. 
Experimental, statistical, artificial intelligence methods 
and surface topography of surface roughness have been 
studied in many studies [19,20]. The factors affecting 
the surface roughness are cutting speed, feed rate, depth 
of cut, cooling medium, material hardness, material 
type, tool tip, ambient temperature, humidity etc. [21]. 
The common aim of these studies is to obtain the 
optimum surface roughness and determine the best 
parameters for the factors affecting surface roughness. 
The two most important parameters affecting the 
roughness of the surface are the feed rate and insert 
geometry [22-24]. 

In this study, the Ra values of the AISI 4140 steel were 
measured and the chip formation were photographed. 
Taguchi L9 orthogonal array is used as experimental 
design. Obtained surface roughness values were 
determined by Taguchi analysis. Estimated by the 
constructed Taguchi model and experimentally 
investigated for accuracy. 

2. EXPERIMENTAL DESIGN 

In this study AISI 4140 workpiece material was used. 
AISI4140 is steel which used to crankshaft, crank arms, 
axle shaft and sleeve, automobile and aircraft 
construction, gear and wheel making, on construction 
and agricultural machinery, on machine tools, such as 
bolts, nuts and studs, high strength steel suitable for 
surface hardening. The residue on the surface of the test 
material was cleaned before the heat treatment was 
applied. The material was heated at 700 oC for one hour 
and then cooled to air and normalization was applied. 
It was then heated to 830 oC and cooled in oil for one 
hour. BMS Digirock RSR hardness tester was 
measured at an average of 48 HRc. 

For the experiments, the steel material was cut at 
Ø80x180 mm. Dimension differences and surface layer 
on the surface of the material after heat treatment have 
been removed on the lath. 

Experiments were carried out on the ACE Micromatic 
Designers LT-20C lathe counter at the Amasya 
University Machine Laboratory. In the experiments 
Sandvik DDJNR 2525M 15 tool holder, Sandvik 
DNMG 15 06 08-PM 4325 insert was used. The 

processing distance is 100 mm. Figure 1 shows the 
lathe, tool holder and insert used in the experiments. 

 

 

   
Figure 1. Test sample in the lathe, inserts and tool holder 

Three different cutting parameters (V-f-a) and cooling 
environment were determined. The cutting parameters 
was determined according to the manufacturers 
catalog. The cooling environment is also defined as 
three parameters: dry, liquid and air. These cut-off 
parameters and the cooling environment are given in 
Table 1. In the 32 oC temperature of the dry cutting 
environment, the liquid environment was cooled by the 
counter's own coolant pump with 50 lpm of spray 
amount and with boron oil mixed water and for the air 
environment compressed air is used at a pressure of 15 
bar with a 200 liter capacity air compressor. 

Table 1. Cutting parameters 

Parameters Units 
Level 

1 
Level 

2 
Level 

3 
V m/min. 300 345 390 
f mm/rev. 0,15 0,30 0,45 
a mm 1 3 5 

Cooling 
enviroment 

- Dry Air Liquid 

Taguchi L9 orthogonal array was created by Minitab 
statistical program. Taguchi is profitable in terms of 
cost and time. Ra values were measured with Mitutoyo 
SJ-210 surface roughness tester. 

The experiments were performed as seven replicates. 
Ra values were averaged. Since the blade used in this 
study has four corners, the cutting edge is used 
differently in each process. Table 2 shows the 
experimental list generated by the L9 test design and the 
average Ra values obtained. 
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3. RESULTS 

3.1. Evaluating Results with Taguchi 

Optimum cutting conditions for Ra were determined by 
choosing the smaller-the-better S/N ratio in the 

Taguchi optimization method. S / N ratios, level values 
calculated. The obtained S / N ratios are given in Table 
2. 

Table 2. Ra values and S/N ratios. 

Case no V (m/min) f (mm/rev) a (mm) Cooling enviroment Ra (µm) S/N 

1 300 0,15 1 Dry 0,74 2,6154 
2 300 0,30 3 Air 3,25 -10,2377 
3 300 0,45 5 Liquid 5,74 -15,1782 
4 345 0,15 3 Liquid 4,92 -13,8393 
5 345 0,30 5 Dry 4,38 -12,8295 
6 345 0,45 1 Air 4,49 -13,0449 
7 390 0,15 5 Air 5,67 -15,0717 
8 390 0,30 1 Liquid 3,53 -10,9555 
9 390 0,45 3 Dry 7,27 -17,2307 

 

The most important criterion used in the Taguchi 
method is the S / N ratio. The optimum cutting 
conditions were determined according to the point 
where the S / N ratio was the maximum. According to 
this method, in Table 2, in the orthogonal array L9, the 
optimum cutting parameters were obtained as Ra of 
2,6154 S/N for Ra. 

The optimum surface roughness value will be reached 
in first level for V, first level for f, first level for a and 
first level for cutting environment. The level values 
given in Table 3 of Figure 2 are given graphically. After 
this, the optimum cutting conditions of the experiments 
to be carried out under the same conditions can be 
determined and interpreted according to the level 
values of the cutting speed, feed rate, depth of cut and 
cooling enviroment factors specified in Table 3 and 
Figure 2.  

In this case, the first level of the V factor, the first level 
of the f factor, the first level of the a factor and the first 
level of the cooling environment are shown in Figure 2 
and Table 3. Therefore, the optimum cutting conditions 
determined under the same conditions for the 
experiments to be performed will be 300 m/min for V, 
0,15 mm/rev for f, 1 mm of a and dry cooling 
environment. In Table 3, the order of effect of the 
cutting parameters on the surface roughness is obtained 
as a, V, f and cooling environment.

Table 3. The order of importance of the parameters for 
Ra 

Level V f a Cooling enviroment 

1 -7,6 -8,765 -7,128 -9,148 

2 -13,238 -11,341 -13,769 -12,785 

3 -14,419 -15,151 -14,36 -13,324 

Delta 6,819 6,386 7,231 4,176 

Rank 2 3 1 4 

 

 
Figure 2. Data means for S/N ratios 

While the optimum cutting conditions were determined 
from the S/N ratio obtained by Taguchi method, the 
relationship between the cutting parameters and the 
variance analysis was determined. The relationship 
between S/N-V, f, a and cooling environment is 
evaluated. The S/N ANOVA analysis results are shown 
in Table 4-8. According to the results of ANOVA, p 
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<0.01 or p <0,05 should be at significance level. 
According to these results, the most meaningful value 
is depth of cut. a, V and f were effective at 95% 
confidence level. 

Table 4. The interaction S/N – V for Ra  

Source DF SS MS F P 

V 2 7,68 3,84 1,17 0,0318 

Error 6 19,71 3,28     

Total 8 27,38       

Table 5. The interaction S/N – f for Ra 

Source DF SS MS F P 

f 2 8,7 4,35 1,4 0,0373 

Error 6 18,68 3,11     

Total 8 27,38       

Table 6. The interaction S/N – a for Ra 

Source DF SS MS F P 

a 2 10,46 5,23 1,86 0,0236 

Error 6 16,92 2,82     

Total 8 27,38       

Table 7. The interaction S/N – cooling medium for Ra 

Source DF SS MS F P 

Cooling enviroment 2 0,54 0,27 0,06 0,0942 

Error 6 26,84 4,47     

Total 8 27,38       

Taguchi aims to reduce the number of experimental 
design experiments and to arrive at the correct result in 
a short time. The prediction experiments conducted in 
this study were conducted to prove the closeness of the 
Taguchi estimate, which was not considered time and 
cost. At the end of the Taguchi analysis, estimates for 
the levels given in Table 8 were performed. In Table 8 
show that Taguchi's estimate, test result and the 
absolute error between these results is given as a 
percentage. In the light of these results, Taguchi 
realized the prediction with about 90% accuracy of the 
experimental results. 

 

Table 8. Estimate and experimental test results so absolute error 

V f a Cooling enviroment Experiment Ra Taguchi Ra Absolute difference Absolute error %  

300 0,15 5 Dry 2,814 3,083 0,269 9,559 

345 0,3 3 Air 4,198 4,603 0,405 9,647 

390 0,45 1 Liquid 6,195 5,643 0,552 8,910 

 

3.2. Turning Result Occurring Chip Structures 

In Fig. 3, sawdust structures are shown in the 
experiments. According to the test design, the chip 
forms obtained in the processes are evaluated 
according to ISO 3685. Table 10 gives the names of the 
chip structures that have been formed. According to the 

results obtained by Debnath et al. (2016), tool wear and 
chip structure are directly related to each other. They 
found that cutting speed (43,1%), depth of cut (35,8%), 
cooling medium (13,7%) and advance (7,2%) effect on 
tool wear were obtained. As the depth of cut increases, 
Arc chips-loose chips form. In the processes performed 
in liquid air and air-cooled environment, fracture 
occurs in the chip formation due to pressure effect. 
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Figure 3. Photographs of chip formation from experiments 
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Table 9. Chip formation according to ISO 3685 

Case number V (m/min.) f (mm/rev.) a (mm) Cooling enviroment ISO 3685 chip formation 

1 300 0,15 1 Dry Tubular chips-Long 
2 300 0,30 3 Air Arc chips-Loose 
3 300 0,45 5 Liquid Arc chips-Loose 
4 345 0,15 3 Liquid Arc chips-Loose 
5 345 0,30 5 Dry Arc chips-Loose 
6 345 0,45 1 Air Arc chips-Connected 
7 390 0,15 5 Air Tubular chips-Short 
8 390 0,30 1 Liquid Arc chips-Loose 
9 390 0,45 3 Dry Arc chips-Loose 

 

4. CONCLUSIONS AND RECOMMENDATIONS 

In this study, the turning operation was performed 
using the Taguchi experiment design to determine the 
optimum cutting parameters for Ra values. 

L9 orthogonal array was obtained by using Taguchi 
method in MINITAB statistical packet program for 
three levels of V, f, a and cooling medium as 
independent variables. In this case, 9 experiments were 
performed instead of 81 experiments with full factorial 
design. Experiments performed on the orthogonal array 
L9 yielded the S/N of the final Ra. Using the smaller-
the-better equation, the maximum value of S/N was 
searched. Optimum cutting parameters are obtained 
with maximum S/N ratio. The lowest surface roughness 
value in the turning operation was obtained at a V of 
300 m / min., f of 0,15 mm/rev., a 1 mm and a dry 
cutting environment corresponding to the 2,6154 S/N. 

By applying ANOVA to the S/N ratios, the relationship 
levels of the cutting parameters over the Ra were 
obtained. According to the ANOVA analysis, it was 
concluded that the determined factors (V-f-a-cooling 
medium) had a 95% confidence level. The most 
effective parameter from the cutting conditions was the 
depth of the cut. 

Taguchi estimation and the experimental result shows 
that the design with Taguchi is about 90% accurate. 

In future studies, different materials, different tips, 
different processing methods, different cooling liquids, 
different hardness values can be used in experiments. 
Wear, force, vibration, acoustic emission can be 
measured. Different statistical methods and models can 
be used. 
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