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ABSTRACT: Surface finish is one of the most 

important quality characteristics in machining 

operations because it directly influences the wear 

resistance, fatigue life, frictional behavior, and 

dimensional accuracy of machined components. In 

turning operations, cutting speed, feed rate, and 

depth of cut are the major machining parameters 

affecting surface roughness. This  study investigates 

the influence of these cutting parameters on the 

surface roughness of mild steel during dry turning 

using a carbide cutting tool. A Taguchi L9 

orthogonal array was adopted for designing the 

experiments. Surface roughness (Ra) was measured 

after each machining operation using a surface 

roughness tester. The results indicate that feed rate 

has the greatest influence on surface roughness, 

followed by cutting speed and depth of cut. Lower 

feed rates and higher cutting speeds produced better 

surface finish. The findings illustrate how 

machining parameters can be optimized to improve 

product quality and manufacturing efficiency. 
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I. INTRODUCTION 
Turning is one of the most widely used 

machining processes in manufacturing industries for 

producing cylindrical components. The process 

involves removing material from a rotating work 

piece using a single-point cutting tool. Surface 

roughness is an important quality indicator because 

it affects the performance, durability, and 

appearance of machined parts. 

 
 

The quality of a machined surface depends upon 

several machining parameters including: 

• Cutting speed  

• Feed rate  

• Depth of cut  

• Tool geometry  

• Tool material  

• Cutting environment  

• Workpiece material  

Among these variables, cutting speed, feed rate, and 

depth of cut are directly controlled by the machine 

operator. Proper selection of these parameters can 

significantly improve machining performance while 

reducing production costs. 

This paper evaluates the influence of cutting 

parameters on surface roughness during turning. 

 

II. LITERATURE REVIEW 
Several studies have investigated the 

influence of machining parameters on surface 

quality in turning operations. Among the various 

machining parameters, feed rate has been widely 

identified as the most significant factor affecting 

surface roughness. It has also been observed that 

increasing cutting speed generally improves surface 

finish by reducing built-up edge formation during 

machining. In comparison, the depth of cut has a 

relatively smaller influence on surface roughness 

within the normal operating range. 
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Furthermore, optimizing machining 

parameters not only improves surface finish but also 

enhances tool life and machining efficiency. The 

Taguchi optimization technique has been widely 

adopted because it reduces the number of 

experiments while effectively identifying the 

optimal machining conditions. Therefore, selecting 

appropriate cutting parameters is essential for 

achieving better machining performance, improved 

product quality, and reduced manufacturing costs. 

 

III. OBJECTIVES 
The objectives of this study are: 

• To study the influence of cutting speed on 

surface roughness.  

• To analyze the effect of feed rate.  

• To investigate the influence of depth of cut.  

• To determine the optimum machining 

parameters.   

 

IV. MATERIALS AND METHODS 
 

[1]. Workpiece Material 

 

Material: Mild Steel (AISI 1020) 

Diameter: 40 mm 

Length: 120 mm 

Hardness: 160 HB 

 
 

[2]. Cutting Tool 

Tool Material: Carbide Insert 

Tool Holder: ISO Standard 

Rake Angle: 10° 

Clearance Angle: 7° 

 

[3]. Machine Tool 

Machine: Conventional Centre Lathe 

Maximum Speed: 1500 rpm 

Power: 5 HP 

 

 
 

V. MACHINING PARAMETERS 
Machining parameters significantly 

influence the surface quality and overall 

performance of the turning process. In this study, 

cutting speed, feed rate, and depth of cut were 

selected as the primary input parameters. Each 

parameter was considered at three different levels to 

analyze its effect on surface roughness. The selected 

machining parameters and their levels are presented 

in table 1: 

 

Table 1 

Parameter Level 

1 

Level 

2 

Level 

3 

Cutting Speed 

(m/min) 

80 120 160 

Feed Rate (mm/rev) 0.10 0.20 0.30 

Depth of Cut (mm) 0.5 1.0 1.5 

 

VI. EXPERIMENTAL DESIGN 
The experiments were planned using the 

Taguchi L9 orthogonal array, which efficiently 

evaluates the effects of three machining parameters 

at three levels while reducing the number of 

experimental trials. This design helps analyze the 

influence of each parameter on surface roughness 

with fewer experiments compared to a full factorial 

design. The experimental layout is presented in table 

2 : 

Table 2 

Experiment Speed Feed DOC 

1 80 0.10 0.5 

2 80 0.20 1.0 

3 80 0.30 1.5 

4 120 0.10 1.0 

5 120 0.20 1.5 

6 120 0.30 0.5 
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7 160 0.10 1.5 

8 160 0.20 0.5 

9 160 0.30 1.0 

 

VII. MEASUREMENT OF SURFACE 

ROUGHNESS 
After each turning operation, the surface 

roughness of the machined specimen was measured 

using a surface roughness tester. Prior to 

measurement, the workpiece surface was cleaned to 

remove chips, dust, and cutting fluid residues. 

Surface roughness was evaluated in terms of the 

average roughness value (Ra), which is one of the 

most commonly used parameters for assessing 

surface quality. Measurements were taken at three 

different locations along the machined surface, and 

the average of these readings was considered as the 

final surface roughness value for each experimental 

run. This procedure helped minimize measurement 

errors and ensured consistent and reliable results. 

The recorded Ra values were subsequently used to 

analyze the influence of cutting speed, feed rate, and 

depth of cut on the surface finish obtained during 

the turning process. 

 

VIII. EXPERIMENTAL RESULTS 
The experimental results obtained for 

different combinations of cutting speed, feed rate, 

and depth of cut are presented in Table 3. These 

results illustrate the effect of varying cutting 

parameters on the surface finish achieved during the 

turning process. 

 

Table 3 

Exp Speed Feed DOC Ra (µm) 

1 80 0.10 0.5 1.20 

2 80 0.20 1.0 1.75 

3 80 0.30 1.5 2.60 

4 120 0.10 1.0 0.95 

5 120 0.20 1.5 1.45 

6 120 0.30 0.5 2.15 

7 160 0.10 1.5 0.80 

8 160 0.20 0.5 1.25 

9 160 0.30 1.0 1.95 

 

IX. DISCUSSION 
Surface Roughness (Ra) vs Experiment Number 

Figure 1 illustrates the variation in surface 

roughness obtained for the nine experimental runs. 

The surface roughness values vary with different 

combinations of cutting speed, feed rate, and depth 

of cut. The highest surface roughness value of 2.60 

µm was observed in Experiment 3, while the lowest 

value of 0.80 µm was obtained in Experiment 7. 

This variation indicates that machining parameters 

have a significant influence on the quality of the 

machined surface and that selecting appropriate 

cutting conditions can considerably improve surface 

finish. 

 

 
Figure 1 

 

Average Surface Roughness vs Cutting Speed 

Figure 2 shows the effect of cutting speed on the 

average surface roughness. It can be observed that 

the average surface roughness decreases as the 

cutting speed increases from 80 m/min to 160 

m/min. Higher cutting speeds promote smoother 

chip flow and reduce built-up edge formation, 

resulting in an improved surface finish. Therefore, 

increasing the cutting speed within the selected 

range contributes to lower surface roughness. 

 

 
Figure 2 

 

Average Surface Roughness vs Feed Rate 

Figure 3 presents the relationship between 

feed rate and average surface roughness. The results 

clearly indicate that surface roughness increases 

with an increase in feed rate. The lowest average 
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surface roughness was obtained at a feed rate of 

0.10 mm/rev, while the highest value was observed 

at 0.30 mm/rev. This trend occurs because higher 

feed rates produce larger feed marks on the 

machined surface, leading to a rougher finish. 

Hence, feed rate is the most influential machining 

parameter affecting surface roughness in this study. 

 

 
Figure 3 

 

Average Surface Roughness vs Depth of Cut 

Figure 4 illustrates the effect of depth of 

cut on the average surface roughness. A slight 

increase in average surface roughness is observed as 

the depth of cut increases from 0.5 mm to 1.5 mm. 

Compared to cutting speed and feed rate, the 

influence of depth of cut is relatively small within 

the selected range. This suggests that although depth 

of cut has some effect on surface quality, its 

contribution is less significant than that of feed rate 

and cutting speed. 

 

 
Figure 4 

 

The results indicate that increasing feed rate leads to 

higher surface roughness because a larger feed 

produces deeper feed marks on the machined 

surface. 

Higher cutting speed generally improves surface 

finish due to reduced built-up edge formation and 

smoother chip flow. 

Depth of cut shows comparatively less influence on 

surface roughness within the selected range. 

The analysis suggests that feed rate is the dominant 

machining parameter affecting surface roughness. 

 

X. CONCLUSIONS 
 

Based on the analysis presented in this paper: 

1. Feed rate has the greatest influence on 

surface roughness.  

2. Higher cutting speeds generally produce 

smoother surfaces.  

3. Depth of cut has a comparatively smaller 

effect within the investigated range.  

4. The best surface finish in this example was 

achieved at:  

o Cutting speed: 160 m/min  

o Feed rate: 0.10 mm/rev  

o Depth of cut: 1.5 mm  

5. Appropriate selection of machining 

parameters can improve surface quality and 

productivity.  
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