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Abstract— Every day scientists are developing new materials 

and for each new material, we need economical and efficient 

machining. There are various methods for optimization of 

various machining parameters as it reduces the number of 

experiments. In this project the CNC turning of mild steel, 

Stainless Steel & Cast iron will be done in order to optimize 

the turning process parameters for maximizing the Surface 

Roughness. Mild steel, Stainless Steel &Aluminium are used 

as the work piece materials for carrying out the 

experimentation to optimize the Surface Roughness. There 

are three machining parameters i.e. Spindle speed, Feed rate, 

Depth of cut. Different experiments will be done by varying 

two parameters and keeping other one fixed. Nine 

experiments are performed and surface roughness is 

measured.    
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I. INTRODUCTION 

Machining is any of various processes in which a piece of raw 

material is cut into a desired final shape and size by a 

controlled material-removal process. The processes that have 

this common theme, controlled material removal, are today 

collectively known as subtractive manufacturing, in 

distinction from processes of controlled material addition, 

which are known as additive manufacturing. Machining is a 

part of the manufacture of many metal products, but it can 

also be used on materials such as wood, plastic, ceramic, and 

composites. A room, building, or company where machining 

is done is called a machine shop. Much of modern-day 

machining is carried out by computer numerical control 

(CNC), in which computers are used to control the movement 

and operation of the mills, lathes, and other cutting machines. 

During the Machine Age, machining referred to 

(what we today might call) the "traditional" machining 

processes, such as turning, boring, drilling, milling, 

broaching, sawing, shaping, planning, reaming, and tapping. 

In these "traditional" or "conventional" machining processes, 

machine tools, such as lathes, milling machines, drill presses, 

or others, are used with a sharp cutting tool to remove 

material to achieve a desired geometry. 

 
Fig. 1: Turning operation 

Turning: A cutting tool with a single cutting edge is 

used to remove material from a rotating work piece to 

generate a cylindrical shape. The primary motion is provided 

by rotating the work piece, and feed motion is achieved by 

the moving cutting tool slowly in a direction parallel to the 

axis of rotation of the work piece. 

Turning parameters that affect the process are: 

A. Cutting Speed: 

The speed of the work piece surface relative to the edge of the 

cutting tool during a cut, measured in surface feet per minute 

(SFM). 

B. Spindle Speed:  

The rotational speed of the spindle and the word piece in 

revolution per minute (RPM). The spindle speed is equal to 

the cutting speed divided by the circumference of the work 

piece where the cut is being made. In order to maintain a 

constant cutting speed, the spindle speed must vary based on 

the diameter of the cut. If the spindle speed is held constant, 

then the cutting speed will vary. 

C. Feed Rate:  

The speed of the cutting tool’s movement relative to the work 

piece as the tool makes a cut. The feed rate is measured in 

millimeter per revolution (RPM). 

D. Axial Depth of Cut: 

The depth of the tool along the axis of the work piece as it 

makes a cut, as in a facing operation. 

E. Radial Depth of Cut:  

The depth of the tool along the radius of the work piece as it 

makes a cut, as in a turning or boring operation. A large radial 

depth of cut will require a low feed rate, or else it will result 

in a high load on the tool and reduce the tool life. Therefore, 

a feature is often machined in several steps as the tool moves 

over at the radial depth of cut. 

1) MRR 

A family of shaping operations through which undesired 

excess material is removed from a starting work-part so the 

remaining part become closer to the desired shape. 

MRR is the volume of material removed per minute. 

Higher our cutting parameter, higher is the MRR. 

Categories: 

Machining - Material removal by a sharp cutting 

tool, e.g., turning, milling, drilling. 

Abrasive processes - Material removal by hard, 

abrasive particles, e.g., grinding. 

Non-traditional processes - Various energy forms 

other than sharp cutting tool to remove material. 

MRR = D x F x S cc/min 

Where, 

D: Depth of cut, mm. 

F: Feed rate, mm/rev. 

S: Cutting speed, m/min 
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II. RELATED WORK 

DOE is an essential piece of the reliability program pie. It 

plays an important role in Design for Reliability (DFR) 

programs, allowing the simultaneous investigation of the 

effects of various factors and thereby facilitating design 

optimization. 

DOE helps in: 

 Identifying relationships between cause and effect. 

 Providing an understanding of interactions among 

causative factors. 

 Determining the levels at which to set the controllable 

factors (product dimension, alternative material, 

alternative designs, etc.) in order to optimize reliability. 

 Minimizing experimental error (noise). 

 Improving the robustness of the design or process to 

variation. 

III. PROBLEM STATEMENT 

Optimizing the machining parameters such as spindle speed, 

feed rate and depth of cut by using DESIGN OF 

EXPERIMENTS. Different turning experiments are carried 

out on CNC machine by varying two parameters and keeping 

the other parameter constant and optimizing the surface 

roughness. 

IV. OBJECTIVES 

 To minimize the uncontrollable factors by using DOE. 

 To optimize the machining parameters such as spindle 

speed, feed rate and depth of cut. 

 To calculate the optimum value of Surface Roughness 

for Aluminium, Mild Steel, and Stainless Steel. 

V. SCOPE 

This project considers on investigating of Optimization of 

Surface Roughness. It will start with literature review and 

understands the statement of problem. In addition, the effect 

of major parameters influencing the surface roughness due to 

machining also will be discussed. 

VI. METHODOLOGY 

A. Stage 1:  

We started the work of this project with literature survey. We 

gathered many research papers which are relevant to this 

topic. After going through these papers, we learnt about 

various optimization methods, and we had selected Design of 

Experiment method for our project. 

B. Stage 2:  

Machining parameters (spindle speed, feed rate, and depth of 

cut) are defined and relations are obtained at this stage. 

C. Stage 3: 

Design of experiment was prepared and experiments will be 

carried out for three different materials such as Cast Iron, 

Mild Steel & Stainless Steel by varying the two parameters 

and keeping the third parameter constant. Results are 

evaluated and analysed. 

D. Stage 4:  

After analysing the results, graphs and charts are plotted. 
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