
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 02, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 1535 

A Review on Investigation of Effects of Process Parameters Variation on 

Surface Topology of AISI 316 in Milling by FEA 
Jay A Raval

1
 

1
P.G Student 

1
LDRP Institute of Technology and Research

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. CNC end milling is most vital and 

common operation use for produce machine part with desire 

surface quality and higher productivity with less time and 

cost constrain. . In the present research project an attempt is 

made to understand the effect of machining parameters such 

as cutting speed (m/min), feed rate (mm/min),depth of cut 

(mm),are influences on responsive output parameters such 

as Surface topology. The effort to investigate optimal 

machining parameters (Speed, Feed and Depth of cut) and 

their contribution on producing better Surface quality and 

higher 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.  

 
Fig. 1.1: Introduction of Milling 

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. 

A. Method of Milling 

 
Fig. 1.2: Method of milling 

 Down(Climb)Milling: When the cutter rotation is in 

the same direction as the movement of the work 

piece being fed. In down milling, the cutting force 

is directed into the work table, which allows 

thinner work parts to be machined. Better surface 

finish is obtained but the stress load on the teeth is 

abrupt, which may damage the cutter. 

 Up (conventional) milling: in which the work piece 

is moving towards the cutter, opposing the cutter 

direction of rotation. In up milling, the cutting 

force tends to lift the work piece. The work 

conditions for the cutter are more favourable. 

Because the cutter does not initiate to cut when it 

makes contact (cutting at zero cut is impracticable), 

the surface has a natural waviness. 

B. 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.   
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Fig 1.3: End milling operation 

Milling machines of various type are widely used 

for the following purposes using proper cutting tools called 

milling cutters: 

 Flat surface in vertical, horizontal and inclined 

planes  

 Making slots or ribs of various sections  

 Slitting or parting  

 Often producing surfaces of revolution  

 Making helical grooves like flutes of the drills  

 Long thread milling on large lead screws, power 

screws, worms etc and short thread milling for 

small size fastening screws, bolts etc.  

C. Cutting parameter 

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     (1.1) 

Where D= diameter of end mill cutter, 

            N= rotational speed of the cutter. 

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     (1.2) 

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. 

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. LITERATURE REVIEW 

1992,Mathematical Modeling And Analysis Of The Surface 

Topography Generated During End Milling Process 

,computer integrated manufacturing systems have emerged 

in response to the requirements for greater flexibility, 

productivity, high pricision and quality of the product.as the 

computer technology advances the manufacturing industry 

is now seeking higher degree of production  automation .NC 

machining stands out in this regard. research has been done 

in this thesis to develop system model which can describe 

the generation of machined surface during an end milling 

process. first ideal surface topography is constructed based 

on kinematics of VMC.[1] 

2011,Characterization of 3D surface topography in 

5 axis milling, Within the context of 5-axis free-form 

machining, CAM software offers various ways of  tool path  

generation, depending on the geometry of the surface to be 

machined. Therefore, as the manufactured surface quality 

results from the choice of the machining strategy and 

machining parameters, the prediction of surface roughness 

in function of the machining conditions is an important issue 

in 5-axis machining. The objective of this paper is to 

propose a simulation model of material removal in 5-axis 

based on the N-buffer method and integrating the Inverse 

Kinematics Transformation. The tooth track is linked with 

the velocity giving the surface topography resulting from 

actual machining conditions. The model is assessed thanks 

to a series of sweeping over planes according to various tool 

axis orientations and cutting conditions.3D surface 

topography analyses are performed through the new areal 

surface roughness parameters proposed by recent standards 

.[2] 

2011,Optimization of Cutting Conditions in End 

Milling Process with the Approach of Particle Swarm 

Optimization, Milling is one of the progressive 

enhancements of miniaturized technologies which has wide 

range of application in industries and other related areas. 

Milling like any metal cutting operation is used with an 

objective of optimizing surface roughness at micro level and 

economic performance at macro level. In addition to surface 

finish, modern manufacturers do not want any compromise 

on the achievement of high quality, dimensional accuracy, 

high production rate, minimum wear on the cutting tools, 

cost saving and increase of the performance of the product 

with minimum environmental hazards. In order to optimize 

the surface finish, the empirical relationships between input 

and output variables should be established in order to predict 

the output. Optimization of these predictive models helps us 

to select appropriate input variables for achieving the best 

output performance. In this paper, four input variables are 

selected and surface roughness is taken as output variable. 

Particle swarm optimization technique is used for finding 

the optimum set of values of input variables and the results 

are compared with those obtained by GA optimization in the 

literature.[3] 

2000,Modeling of Cutting Forces in End Milling 

Operations, According to previous research of dynamic end 

milling models, the instantaneous dynamic radii on every 

cutting position affects the cutting forces directly since the 

simulated forces are proportional to the chip thickness, and 

the chip thickness is a function of dynamic radii and 

feedrate. With the concept of flute engagement introduced, 

it is important to discuss it with respect to radial and axial 

depths of cut because the length of the engaged flutes is 

affected by factors in the axial feed and rotational directions. 

Radial and axial depths of cut affect the “contact area”, 

which is the area that a cutter contacts with the work piece. 

When radial and axial depths of cut increase, the 

cutting forces also increase since the engaged flute lengths 

are increased. Therefore, in order to have a clearer idea of 

the milling forces, the influences of dynamic radii, cutting 
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feedrate, and radial and axial depths of cut are discussed in 

this paper.[4] 

III. 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. 

Ais i  316 

C a r b o n 0 . 0 2 6  % 

M a n g a n e s e 1 . 0 1 0  % 

P h o s p h o r u s 0 . 0 2 8  % 

S u l p h u r 0 . 0 1 1  % 

S i l i c o n 0 . 3 8 0  % 

C h r o m i u m 1 6 . 4 9 0  % 

N i c k e l 1 0 . 1 3 0  % 

M o l y b d e n u m 2 . 0 6 0  % 

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. 

D. Application 

 Parts exposed to marine atmospheres and tubing. 

 Chemical equipment. 

 Jet engine parts. 

 Valve and pump trim. 

IV. METHODOLOGY 

For this research following type of methodology is may be 

done in which First of  all selection of the process 

parameters are done among the various parameters for 

various machining conditions. There are mainly three 

parameters are taken into account speed , feed, depth of cut. 

Number of experiments are decided by the DOE method. 

After deciding the experiment processes are done on milling 

machine. Machining is done on the material and surface 

topology of material is checked by CMM. Topology (from 

the Greek word "place study") is the study of shapes 

and topological spaces.  It is an area of mathematics 

concerned with the properties of space that are preserved 

under continuous deformations including stretching and 

bending, but not tearing or gluing. And for surface 

roughness value surface roughness tester is used. And at the 

last analysis of the surface with different experiments which 

are done on the work piece material is done by FEA for 

good surface topology condition during various parameters 

are observed. And for good surface topology of the work 

piece suitable parameters are selected by the best value in 

the analysis is decided. and also by analysis various 

conditions are directly known from the analysis. 

V. CONCLUSION 

From various literatures survey efforts to found out that 

many researchers have investigated on S.S 304. There is 

very few investigator research worked on SS316 stainless 

steel material so, I want to do work on this material. In this 

research work I want to investigate influences of input 

machining parameters like cutting speed, feed rate, depth of 

cut on response parameters like surface topology. Surface 

topology is very rarely considerable topic for the researcher 

so for that kind of work also surface topology is taken into 

this research. 
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