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ABSTRACT: This paper deals with finding optimal control parameters to get the minimum Surface roughness. It 

considers the analysis of effect of the process parameters, cutting speed, feed rate and depth of cut on cutting forces 

during turning operation. Machining is the process of removing the excess material from the work piece or unwanted 

material from the work piece using cutting tool. Surface finish obtained in machining process depends upon so many 

factors like work material, tool material, tool geometry, machining conditions, cutting fluids used and feed rate etc. In 

this experimental work it is planned to study the effect of process parameters on surface finish obtained in the 

machining process of materials like stainless steel and aluminum. 
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I. INTRODUCTION 

A . Metal cutting 

 

Metalworking is the process of working with metals to create individual parts, assemblies, or large scale structures. The 

term covers a wide range of work from large ships and bridges to precise engine parts and delicate jewelry. It therefore 

includes a correspondingly wide range of skills, processes, and tools. 

Cutting is a collection of processes wherein material is brought to a specified geometry by removing excess material 

using various kinds of tooling to leave a finished part that meets specifications. The net result of cutting is two 

products, the waste or excess material, and the finished part. If this were a discussion of woodworking, the waste would 

be sawdust and excess wood. In cutting metals the waste is chips and excess metal. These processes can be divided into 

chip producing cutting, generally known as machining. Burning or cutting with an oxy fuel torch is a welding process 

not machining. 

Cutting is nearly fully represented by: 
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 Chip producing processes most commonly known as machining. 

 Burning, a set of processes which cut by oxidizing a kerf to separate pieces of metal. 

 Specialty processes. 

There are many technologies available to cut metal, including: 

• Manual technologies: saw, chisel, shear or snips. 

• Machine technologies: turning, milling, drilling, grinding, sawing. 

• Welding/burning technologies: burning by laser, oxy-fuel burning, and plasma. 

B. Turning 

Turning is a machining process in which a cutting tool, typically a non-rotary tool bit, describes a helical tool path by 

moving more or less linearly while the work piece rotates. The tool's axes of movement may be literally a straight line, 

or they may be along some set of curves or angles, but they are essentially linear (in the nonmathematical sense). 

Usually the term "turning" is reserved for the generation of external surfaces by this cutting action, whereas this same 

essential cutting action when applied to internal surfaces (that is, holes, of one kind or another) is called "boring". Thus 

the phrase "turning and boring" categorizes the larger family of (essentially similar) processes. The cutting of faces on 

the work piece (that is, surfaces perpendicular to its rotating axis), whether with a turning or boring tool, is called 

"facing", and may be lumped into either category as a subset. 

C. Cutting parameters 

In turning, the speed and motion of the cutting tool is specified through several parameters. Out of the many parameters 

affecting the surface roughness of a metal these parameters are selected for each operation based upon the work-piece 

material, tool material, tool size, and more. 

 

 Spindle speed - The rotational speed of the spindle and tool in revolutions per minute (RPM). The 

spindle speed is equal to the cutting speed divided by the circumference of the tool. 

 Depth of cut -Cutting speed and feed rate come together with depth of cut to determine the material 

removal rate, which is the volume of work-piece material (metal, wood, plastic, etc.) that can be 

removed per time unit. 

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 inches per minute (IPM) and is the product of the cutting feed (IPR) and the spindle speed (RPM). 

II. EXPERIMENTAL PROCEDURE 

Material: High speed steel (HSS) cutters are the least-expensive and shortest-lived cutters. Cobalt steel is an 

improvement on HSS and generally can be run 10% faster. Carbide tools are more expensive than steel, but last longer, 

and can be run much faster, so prove more economical in the long run. HSS tools are perfectly adequate for many 

applications. The progression from HSS to cobalt steel to carbide could be viewed as very good, even better, and the 

best. 

Diameter: Larger tools can remove material faster than small ones, therefore the largest possible cutter that will fit in 

the job is usually chosen. The radius of the cutter must be less than or equal to the radius of the smallest arc. 

The time required to produce a given quantity of parts includes the initial setup time and the cycle time for each part. 

The setup time is composed of the time to setup the turning machine, plan the tool movements (whether performed 

manually or by machine), and install the fixture device into the CNC Turning lathe machine. 
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The experimental procedure is carried out in the following five steps: 

STEP 1: The raw material (metal rods) is fed into the CNC Turning lathe Machine. 

STEP 2: The Metal rods are magnetically clamped in the machine 

STEP 3: The program is written in the computer console according to the required cutting parameters i.e. Cutting 

Speed, Depth of Cut and Feed Rate. 

STEP 4: The process of turning has been done in the following three cases 

 

 Varying speed while keeping the Depth of  Cut and Feed Rate constant 

 Varying Feed Rate and keeping the Spindle Speed and Depth of Cut constant. 

 Varying Depth of Cut while keeping the Spindle Speed and Feed Rate constant 

 

STEP 5: 

 

5.1 FOR STAINLESS STEEL: 

 

Case 1: Table 5.1.1: Varying Spindle speed 

 

 

 

 

 

 

 

 

S.no Spindle 

speed 

Depth 

of 

Cut 

Feed 

Rate 

Ra 

Value 

1. 800 0.1 0.25 1.88 

2. 1000 0.1 0.25 1.40 

3. 1200 0.1 0.25 1.38 

4. 1400 0.1 0.25 1.42 

5. 1600 0.1 0.25 1.52 
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Graph 5.1.1 Spindle speed vs surface finish 

    Case 2:  

 

 

 

 

 

Table 5.1.2 Varying feed rate 

 

Graph 5.1.2 Feed rate vs surface finish 

 

S.no Spindle 

Speed 

Depth of 

Cut 

Feed Rate Ra Value 

1. 1000 0.1 0.10 1.52 

2. 1000 0.1 0.15 1.42 

3 1000 0.1 0.20 1.54 

4. 1000 0.1 0.25 2.74 

5. 1000 0.1 0.30 3.86 
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Case 3: Table 5.1.3 Varying Depth of Cut 

 

 

 

 

 

 

 

 

 

Graph 5.1.3 Depth of cut vs surface finish 

  5.2 FOR ALUMINIUM 

  Case 1: Table 5.2.1 Varying Spindle Speed 

 

 

 

 

 

 

S.No Spindle 

Speed 

Depth 

of 

Cut 

Feed 

Rate 

Ra 

Value 

1. 1000 0.1 0.1 1.40 

2. 1000 0.2 0.1 1.10 

3. 1000 0.3 0.1 1.12 

4. 1000 0.4 0.1 1.12 

5. 1000 0.5 0.1 1.42 

s.no Cutting 

Speed 

Depth 

of Cut 

Feed 

Rate 

Ra 

Value 1. 800 0.1 0.25 1.14 

2. 1000 0.1 0.25 1.30 

3. 1200 0.1 0.25 1.20 

4. 1400 0.1 0.25 1.28 

5. 1600 0.1 0.25 1.32 
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−Graph 5.2.1 spindle speed vs surface finish 

        Case 2: Table 5.2.2 Varying Feed Rate 

 

 

 

 

 

 

 

 

S.No Cutting 

Speed 

Depth 

of 

Cut 

Feed 

Rate 

Ra 

Value 

1. 1000 0.1 0.10 1.22 

2. 1000 0.1 0.15 1.08 

3 1000 0.1 0.20 1.10 

4. 1000 0.1 0.25 1.38 

5. 1000 0.1 0.30 2.00 
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  Graph 5.2.2 Feed rate vs surface finish                                                                                   

Case 3: Table 5.2.3 Varying Depth of Cut 

 

 

 

 

 

 

 

 

S.No Cutting 

Speed 

Depth 

of 

Cut 

Feed 

Rate 

Ra 

Value 

1. 1000 0.1 0.1 1.18 

2. 1000 0.2 0.1 1.16 

3. 1000 0.3 0.1 1.14 

4. 1000 0.4 0.1 1.16 

5. 1000 0.5 0.1 1.20 
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Graph 5.2.3 Depth of cut vs surface finish 

III. CONCLUSION 

 Thus in our project, we have performed a detailed experiment process of the cutting parameters influencing 

the surface roughness on a metal after CNC Turning. 

 In our work process we have identified the values of the optimum cutting parameters to get the minimum 

Surface roughness. 

 We have experimented with various combinations of the three cutting parameters i.e. Spindle Speed, Depth of 

Cut and Feed Rate. 

 We have arrived on a conclusion that the minimum surface roughness in stainless steel is obtained when the 

Spindle speed is (1200 rpm approx.), Depth of cut and Feed Rate are minimum (i.e 0.2 mm and 0.15 mm 

respectively). 

 In case of aluminum the minimum surface is obtained when the spindle speed is (800 rpm approx), Depth of 

cut and Feed Rate are minimum (i.e 0.3 mm and 0.15 respectively). 

Note: As the surface roughness increases the surface finish decreases.  
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