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Abstract— AISI 316 are being widely used in industry it has 

been initially designed for paper mill machinery.  However, 

AISI 316 are considered very difficult to machine material 

due to tendency to work harden. These result in reducing 

tool life and tool performance. Although in the past, many 

studies had been carried out to predict the tool performance 

during machining, the effect of process parameters is taken 

in this research to influence of below mention parameter 

when AISI 316, machining trials will be performed on 

milling machine. Cutting conditions will be selected using 

design of experiment and analysis by Finite element 

analysis. . The main objective of industries reveal with 

producing better quality product at minimum cost and 

increase productivity. 
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I. INTRODUCTION 

Milling is the process of machining flat, curved, or irregular 

surfaces by feeding the work piece against a rotating cutter 

containing a number of cutting edges. The milling machine 

consists basically of a motor driven spindle, which mounts 

and revolves the milling cutter, and a reciprocating 

adjustable worktable, which mounts and feeds the work 

piece. Among several CNC industrial machining processes, 

milling is a fundamental machining operation. End milling 

and face Milling is the most common metal removal 

operation encountered. It is broadly used in a variety of 

manufacturing industries including the aerospace, 

automotive sectors, where quality is vital factor in the 

production of slots, pockets, precision moulds and dies.  

To understand full automation in machining, 

computer numerically controlled (CNC) machine tools have 

been implemented during the past decades. CNC machine 

tools require less operator input; provide greater 

improvements in productivity, and increase the quality of 

the machined part.      Topology (from the Greek word 

"place study") is the study of shapes and topological spaces. 

A. End Milling Operation: 

End milling is the most common metal removal operation 

encountered. It is widely used to mate with other part in die, 

aerospace, automotive, and machinery design as well as in 

manufacturing industries. The cutter called end mill has 

diameter less than the work piece width.   

B. Cutting Parameter: 

1) Cutting Speed: 

 Cutting speed may be defined as the rate (or speed) that the 

material moves past the cutting edge of the tool, irrespective 

of the machining operation used. 

Speed is calculated from the equation;           

V= πDN     (1) 

Where D= diameter of end mill cutter, 

            N= rotational speed of the cutter. 

2) Feed:   

Feed rate is the velocity at which the cutter is fed, that is, 

advanced against the work piece.  It is expressed in 

mm/min. Feed is calculated from the equation;        

FR = RPM*T*CL    (2) 

FR = the calculated feed rate in inches per minute or mm per 

minute. 

RPM = is the calculated speed for the cutter. 

T = Number of teeth on the cutter. 

CL = the chip load or feed per tooth. This is the size of chip 

that each tooth of the cutter takes. 

3) Depth of Cut:  

Depth of cut is the material removal rate, which is the 

volume of work piece material (metal, wood, plastic, etc.) 

that can be removed per time unit.  

II. MATERIAL SELECTION 

Generally main reason for selecting material aisi 316 is no 

more work is done by end milling on this material because 

of of its hardness. This material mainly considered as one of 

the hard material in steel. The comical composition of the 

material is shown as below in table. 

Carbon 0.08 

Chromium 16-18 

Iron Balance 

Manganese 2 

Molybdenum 2-3 

Nickel 10-14 

Phosphorus 0.045 

Silicon 1 

Sulphur 0.03 

Table 1: Chemical Composition of Aisi 316 

A. Physical Properties: 

Description                      Value             

Density                          8 gr/cm3 

Hardness                        95 HRB 

Hardness (annealed)     82 HRB       

B. Mechanical Properties: 

Description                Value       

Elastic Modulus       193 GPa 

Elongation %         50% At 50 mm 

Shear Modulus          86 GPa 

C. Main Characteristics: 

In atmospheric conditions stainless steel DIN 1.4401 has 

excellent resistance in rusting even with the presence of 

acids like nitric acid. The material has excellent resistance in 

alkaline solutions as well as organic and inorganic salts. In 

general this material is highly resistant to corrosion in 

atmosphere even in high salt spray like marine 

environments. 
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1) Work Piece Size: 

Work piece which is selected for the machining of Aisi 316 

in plate form. Size of the work piece is 250*55*10 mm. 

material composition is same which shown as above. This is 

the one type of hard and very corrosion resistance material. 

2) Application: 

 Parts exposed to marine atmospheres and tubing. 

 Chemical equipment. 

 Jet engine parts. 

 Valve and pump trim. 

D. Tool Material: 

1) End Mill Cutter Specifications: 

 HSS 10mm Cutting Dia ,  

 4 Flutes,  

 Straight 10mm Shank  

 HSS Material 

 Great to use to drill into work piece for slotting and 

pocketing. Used widely for machining of low 

carbon steel and non-ferrous materials. Comes with 

a blue small box. 

III. EXPERIMENT AND DATA COLLECTION 

Experiments are designed with the help of using taguchi L9 

orthogonal array. The software used for DOE (Design of 

experiment) is Minitab16. Experiment is divided into three 

main phases. These three phases are the planning phase, the 

conducting phase, the analysis phase. Planning phase input 

parameters & there levels for End Milling. 

Design of Experiment (DOE) is a scientific 

approach used to determine the impact of a certain process 

factors on the output of the process. DOE process can be 

divided into three main stages as follows. The planning 

stage is the most important stage, where the experimentation 

parameters and set up are selected. This stage includes the 

following: defining the problem, setting the objectives of the 

experiment, selecting the cutting parameters and their levels 

and establishing the measurement system and experiment 

matrix. Conducting stage includes conducting the 

experiments, collecting the sensors’ signals, measuring tool 

wear and surface roughness and collecting the chip samples. 

Analyzing stage the experimental tests are analyzed to 

interpret results. Also, validation experiments may be 

conducted to confirm the results. 

The tests were conducted at several feed rates, 

Cutting speed and depth of cut. The experiments will be 

carried out in dry cutting conditions. Cutting conditions are 

selected using Taguchi based design of experiments. Three 

levels and three parameters are selected for experimentation. 

Process parameters Unit Level 

  1 2 3 

Cutting speed Rpm 2500 3000 3500 

Feed Mm/rev 300 600 900 

Depth of cut Mm 0.2 0.3 0.4 

Table 2: Cutting Process Variables and Their Levels 

First of all Minitab results are taken by which L9 

array table is generated by taquchi method. By this table and 

this is the widely used doe method for generating process 

parameters variation into machine. First of all array 

orthogonal L9 table is generated which is mostly used for 

variation in process parameters which is as below. 

Experiment no. Speed Feed Depth of cut 

1 2500 300 0.2 

2 2500 600 0.3 

3 2500 900 0.4 

4 3000 300 0.3 

5 3000 600 0.4 

6 3000 900 0.2 

7 3500 300 0.4 

8 3500 600 0.2 

9 3500 900 0.3 

Table 3:  L9 Array Orthogonal Table 

After done the selection of machining with this 

process parameters in cnc milling machine the work piece 

completed machining process. during the machining many 

parameters are taken into consideration such as same feed, 

speed and depth of cut which is taken into the table. The size 

of the work piece is done as per the requirement by the 

shaping of the material the reduction in size and preparation 

of the edges are also done on the shaping for clamping with 

accuracy in milling machine. For machining the work piece 

more time is required because of the hardness of the 

material. After machining on shaper the size of the work 

piece is 252*55*10. 

 
Fig. 1:  Machined Work Piece 

IV. RESULT AND DISCUSSION 

After measuring the flatness by CMM of the work piece 

roughness value is measure by surface roughness tester. 

Roughness value is Ra measured by surface roughness 

tester, 

Experime

nt no. 

Spee

d 

Fee

d 

Dept

h of 

cut 

Flatnes

s 

(micron

) 

Roughnes

s value 

Ra(µm) 

1 2500 300 0.2 0.0069 0.547 

2 2500 600 0.3 0.0018 2.528 

3 2500 900 0.4 0.0071 4.009 

4 3000 300 0.3 0.0009 0.315 

5 3000 600 0.4 0.0010 1.467 

6 3000 900 0.2 0.0050 2.573 

7 3500 300 0.4 0.0007 0.270 

8 3500 600 0.2 0.0039 1.275 

9 3500 900 0.3 0.0089 2.593 

Table 4:  Results of the Work Piece 

From this result some of the graphs are obtained for 

analyzing the optimum value for the machining with 

suitable parameters. this graphs are obtain from the taquchi 

method in design of experiments by Minitab software. And 

the designing of the work piece is done in cad software after 
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designing of the work piece and tool analysis of the work 

piece is done. From the following fig. work piece is shown. 

 
Fig. 2: Meshing of the Work Piece. 

In cad software work piece modal is made and after 

making the modal meshing is done from the meshing 

analysis of the part can be done. So for analysis of the any 

product meshing is required and mainly for the finite 

element analysis. FEM is best understood from its practical 

application, known as finite element analysis (FEA). FEA as 

applied in engineering is a computational tool for 

performing engineering analysis. It includes the use of mesh 

generation techniques for dividing a complex problem into 

small elements, as well as the use of software program 

coded with FEM algorithm. In applying FEA, the complex 

problem is usually a physical system with the underlying 

physics such as the Euler-Bernoulli beam equation, the heat 

equation, or the Navier-Stokes equations expressed in either 

PDE or integral equations, while the divided small elements 

of the complex problem represent different areas in the 

physical system. FEA is a good choice for analyzing 

problems over complicated domains. in below fig. the 

analysis of the work piece is shown with various parameters 

which are generate from the design of experiments. 

 
Fig. 3:  Analysis of the Work Piece. 

FEA allows detailed visualization of where 

structures bend or twist, and indicates the distribution of 

stresses and displacements. FEA software provides a wide 

range of simulation options for controlling the complexity of 

both modeling and analysis of a system. Similarly, the 

desired level of accuracy required and associated 

computational time requirements can be managed 

simultaneously to address most engineering applications. 

FEA allows entire designs to be constructed, refined, and 

optimized before the design is manufactured. This powerful 

design tool has significantly improved both the standard of 

engineering designs and the methodology of the design 

process in many industrial applications. The introduction of 

FEA has substantially decreased the time to take products 

from concept to the production line. In summary, benefits of 

FEA include increased accuracy, enhanced design and better 

insight into critical design parameters, virtual prototyping, 

fewer hardware prototypes, a faster and less expensive 

design cycle, increased productivity, and increased revenue.  

In MINITAB software various graphs are plotted for finding 

the optimum cutting condition for various cutting 

parameters which are developed by design of experiments 

with help of taquchi method. In doe mainly following charts 

are developed for getting the optimum conditions. 

Main Effects Plot for Means while surface 

roughness is taken into consideration 

 
Fig. 4: Main Effects Plot for Means 

 
Fig. 5: Main Effects Plot for Sn Ratio 

Main Effects Plot for Means While Flatness Is Taken Into 

Consideration 

 
Fig. 6: Main Effects Plot for Means 
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Fig. 7: Main Effects Plot For Sn Ratio 

From the upper plots which are develop in the 

Minitab software for finding the optimum cutting 

conditions. Sn ratio is the signal to noise ratio which is very 

important to know the best cutting conditions. Following 

table shows the feed is very effective parameter then speed 

and depth of cut. 

Level Speed feed Depth of cut 

1 47.03 55.75 45.81 

2 55.65 54.36 52.27 

3 50.76 43.34 55.36 

Delta 8.61 12.41 9.55 

rank 3 1 2 

Table 5: Response Table for Sn Ratio 

V. CONCLUSION 

From this experiment the process parameters are selected for 

machining the AISI 316 material with vertical CNC milling 

machine. For machining the work piece mainly affected 

parameter is feed for this experiment then speed and depth 

of cut. Feed is mostly affected factor so by reducing the feed 

accurate cutting conditions are developed. Feed is 

statistically significant factors influencing the surface 

roughness in milling process. The low surface roughness 

and good flatness is obtained at cutting speed of 3000 rpm, 

feed rate 300 mm/min and depth of cut 0.4 mm and for 

machining feed is taken as low then speed and depth of cut. 

This may be ideal machining parameters of AISI 316 steel 

plates. 
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