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Abstract— In this paper we have study on CNC end milling, 

o affect of various machining parameters like, tool feed 

(mm/min), speed of tool (rpm), diameter of tool (mm) and 

depth of cut (mm) .this paper is the result of an experiment 

conducted on AL 6351 – T6  material with three levels and 

four factors to optimize process parameter and surface 

roughness. In this paper we have used a L9 (3*4) Taguchi 

standard orthogonal array for the purpose of designing 

experiment (DOE).For the purpose of variation calculation 

we have used Analysis of variance (ANOVA) method. The 

result of the experiment is quality product generation at the 

end, which contribute in the higher and quality productivity. 

In this experiment we were found that order of significant of 

main parameter decreasing order is Tool feed, Tool speed 

and Depth of cut. 
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I. INTRODUCTION 

The end milling process is one of the most fundamental 

processes of the metal removing process. In order to obtain 

better surface roughness in a CNC milling operation. The 

final surface roughness might be considered as the sum of 

two independent effects: 1. the ideal surface roughness is the 

result of the geometry of tool and feed rate. 2. The natural 

surface roughness is a result of the irregularities in the 

cutting operation. Factors such as spindle speed, feed rate, 

tool diameter and depth of cut that control the chip 

formations, or the material properties of both tool and work 

piece are even in the occurrence of chatter or vibrations of 

the machine tool, defects in the structure of the work 

material. In the end milling, surface finish and material 

removal rate are two important aspects. Which require 

attention both from industry personnel as well as in 

Research and Development because these two factors 

greatly influence machining performances? 

A. Importance of End Milling Process in Present Day 

Manufacturing 

In present day manufacturing, the most common cutting tool 

used with a vertical mill is an end-mill, which looks like a 

stubby twist drill with a flattened end. An end mill can cut 

into a work piece either vertically, likes a drill, or 

horizontally using the side of the end mill to do the cutting. 

This horizontal cutting operation imposes heavy lateral 

forces on the tool and the mill, so both must be rigidly 

constructed. 

Today, End milling is one of the basic machining 

processes that allow large amounts of material to be 

removed quickly. End milling is a very versatile process 

capable of producing simple two dimensional flat shapes to 

complex three dimensional interlaced surface 

configurations. 

At all types of milling machines, the cutting tool 

performs a rotational motion that is the cutting motion. The 

rotation axis of the tool could be horizontal or vertical, 

depending on machine tool version. The feeding motion is 

achieved either by part or tool or both, usually on three 

perpendicular directions. In end milling process cutters 

diameter is less than the work part‟s width. 

 
Fig. 1: Anatomy of End Milling Tool 

B. Basic Principle of End Milling Process 

End milling is the most common form of machining, a 

material removal process, which can create a variety of 

features on a part by cutting away the unwanted material. 

The milling process requires a milling machine, work piece, 

fixture, and cutter. The cutter is a cutting tool with sharp 

teeth that is also secured in the milling machine and rotates 

at high speeds. By feeding the work piece into the rotating 

cutter, material is cut away from this work piece in the form 

of small chips to create the desired shape. An end mill 

makes either peripheral or slot cuts, determined by the step-

over distance, across the work piece in order to machine a 

specified feature, such as a profile, slot, pocket, or even a 

complex surface contour. The depth of the feature may be 

machined in a single pass or may be reached by machining 

at a smaller axial depth of cut and making multiple passes. 

 
Fig. 2: Principle of end milling process 
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II. MACHINE TOOL 

The experiments were carried out on a V M M Engineers, 

SINEWAVE CNC vertical milling machine. The vertical 

milling machine tool (Figure 3.1) has the following 

specifications: 

 
Fig. 3: CNC vertical milling machine 

Model VMM-200 

Table size with „T‟Slot 500 x 200 mm/10 

X Axis Traverse 250 mm 

yYAxis Traverse 175 mm 

Z Axis Traverse 200 mm 

Spindle inside taper ISO30 

Spindle Speed 100 to 2500 rpm 

Spindle Motor DC Motor, 1 HP 

Automatic Lubrication 

Points 

Provided 

Input system Metric / inch. 

Control of Axis Simultaneous axis  

Interpolation 

Linear, Circular, Slot, 

Milling, Rectangular & 

Circular Pocket Milling 

Minimum Increment 0.005 mm 

Minimum Movement 

Command X 

0.010 mm 

Minimum Movement 

Command Z 

0.005 mm 

Repeatability +- 0.020 mm 

Feed Rate X,Y,Z 500 mm / min 

Rapid Feed Rate X,Y,Z 1000 mm / min 

Programming Dwell (sec) Programmable  

Tool Offset with ATC 12 Nos. 

Backlash compensation Provided 

Speed over Ride 40 – 160   

Feed over Ride 20 – 120   

Type of Control System PC Based System 

Real Time Path Simulation Provided 

Table 1: Tool Specification 

Floor Area Approx. 1200 mm x 1200 mm x 1800 mm 

Weight Approx. 950 Kg 

Table 2: General parameters 

A. Features of Machine Tool 

 CAD - CAM compatibility. 

 FANUC Emulated Key Board. 

 Machine is directly linked to PC, hence loading of 

program on Micro- controller is not required. 

 Easy Maintenance with spare card system by 

layman. 

 Table locking facility with stepper Motor Brakes.  

 Powerful stepper motor for axis control. 

 Variable speed DC Drivers for spindle with DC 

Motor. 

 Bum in components tested at 150 percentage load. 

 Rugged machine with ground bed. 

 Wear resistant turcite coating is provided on beds. 

 Stick slip motion is totally avoided. 

 Powerful PC software for graphics. 

 High speed integer interpolation system for circular 

interpolation. 

 Display of actual feed rate, spindle speed in 

execution and simulation mode. 

 Automatically detects wrong steps in 

programming.  

 Safety function with emergency stop, over travel 

limits. 

 Alarm & self-diagnostic functions are provided. 

B. Characteristics of CNC Machine  

 Flexibility in automation  

 Change-over (product) time, effort and cost are 

much less.  

 Less or no jigs and fixtures are needed  

 Complex geometry can be easily machined  

 High product quality and its consistency  

 Optimum working condition is possible  

 Lesser breakdown and maintenance requirement.  

 Faster deliver a product.  

 Reduce WIP inventory.  

III. SURFACE ROUGHNESS 

Roughness is often a good predictor of the performance of a 

mechanical component, since irregularities in the surface 

may form nucleation sites for cracks or corrosion. 

Roughness is a measure of the texture of a surface. It is 

quantified by the vertical deviations of a real surface from 

its ideal form. If these deviations are large, the surface is 

rough; if small, the surface is smooth. Roughness is 

typically considered to be the high frequency, short 

wavelength component of a measured surface. The 

parameter mostly used for general surface roughness is Ra. 

It measures average roughness by comparing all the  

 
Fig. 4: Set Up for Surface Roughness Measurement 
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Peaks and valleys to the mean line, and then 

averaging them all over the entire cut-off length. Cut-off 

length is the length that the stylus is dragged across the 

surface; a longer cut-off length will give a more average 

value, and a shorter cut-off length might give a less accurate 

result over a shorter stretch of surface. In this work the 

surface roughness was measured by Mitutoyo surftest SJ-

201P (Figure 3.4). The surftest is a shop–floor type surface-

roughness measuring instrument, which traces the surface of 

various machine parts and calculates the surface roughness 

based on roughness standards, and displays the results in 

μm. The work piece is attached to the detector unit of the 

SJ-201P which traces the minute irregularities of the work 

piece surface. The vertical stylus displacement during the 

trace is processed and digitally displayed on the liquid 

crystal display of the SJ-201P. The surface test has a 

resolution varying from .01 Ra to 0.4 Ra depending on the 

measurement range.  

IV. PROCESS PARAMETERS 

A. Tool Feed 

The speed of the cutting tool's movement relative to the 

work piece as the tool makes a cut. The distance that the 

cutting tool or work piece advances during one revolution of 

tool, measured in mm/min. In some operations the tool feeds 

into the work piece and in others the work piece feeds into 

the tool. 

B. Tool Diameter 

Diameter of tool also affects the performance of machine. In 

radial depth of cut if the radial depth of cut is equal to the 

tool diameter, the cutting tool is fully engaged and is making 

a slot cut. 

C. Tool 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. 

D. Depth of Cut 

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

makes a cut is known as axial depth of cut. A large axial 

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 typically machined in several passes as the tool 

moves to the specified axial depth of cut for each pass. The 

depth of the tool along its radius in the work piece as it 

makes a cut is known as radial depth of cut. If the radial 

depth of cut is less than the tool radius, the tool is only 

partially engaged and is making a peripheral cut. 

V. LITERATURE REVIEW 

Some experimental and theoretical works on surface 

roughness in end milling using different materials, cutting 

tools, experiment design and other method to obtain the 

surface roughness model. 

Hyunh, V.M. and Fan, Y., [1992]1 This study 

highlights a multi-objective optimization problem by 

applying utility concept coupled with Taguchi method 

through a case study in CNC end milling of UNS C34000 

medium leaded brass. The study aimed at evaluating the best 

process environment which could simultaneously satisfy 

multiple requirements of surface quality. In view of the fact, 

the traditional Taguchi method cannot solve a multi-

objective optimization problem; to overcome this limitation, 

utility theory has been coupled with Taguchi method. 

Depending on Taguchi‟s Lower-the-Better (LB) response 

criteria; individual surface quality characteristics has been 

transformed into corresponding utility value. The study of 

combined utility theory and Taguchi method for predicting 

optimal setting. Based on Taguchi‟s Signal-to-Noise ratio 

(S/N), analysis has been made on the overall utility degree 

and optimal process environment has been selected finally 

which corresponds to highest S/N Ratio. Optimal result has 

been verified through confirmatory test. The case study 

indicates application feasibility of the aforesaid 

methodology proposed for multi-response optimization and 

off-line control of multiple surface quality characteristics in 

CNC end milling. 

K. Kadirgama et al., [2008]2 Pre-hardened steel 

(P20) is a widely used material in the production of 

moulds/dies due to less wear resistance and used for large 

components. In this study, minimization of surface 

roughness has been investigated by integrating design of 

experiment method, Response surface methodology (RSM) 

and genetic algorithm. To achieve the minimum surface 

roughness optimal conditions are determined. The 

experiments were conducted using Taguchi‟s orthogonal 

array in the design of experiments  (DOE) by considering 

the machining parameters such as Nose radius (R), Cutting 

speed (V), feed (f), axial depth of cut (d) and radial depth of 

cut(rd). A predictive response surface model for surface 

roughness is developed using RSM. The response surface 

(RS) model is interfaced with the genetic algorithm (GA) to 

find the optimum machining parameter value. 

Ghani et al. [2004]2 The outlined the Taguchi 

optimization methodology, which was applied to optimize 

cutting parameters in end milling when machining hardened 

steel AISI H13 with TiN coated P10 carbide insert tool 

under semi-finishing and finishing conditions of  high speed 

cutting. The milling parameters evaluated was cutting speed, 

feed rate and depth of cut. An orthogonal array, signal-to-

noise (S/N) ratio and Pare to analysis of variance (ANOVA) 

were employed to analyze the effect of these milling 

parameters.  

Wattanutchariya and Pintasee [2006]3 This 

attempted to optimize the metallic milling parameters for 

surface finishing. The two controlled parameters were 

spindle speed and feed rate. Three materials: aluminum, 

brass and cast iron were tested. The research methodology 

concerned the Response Surface Methodology (RSM) by 

Central Composite Design (CCD). Then, the Al 2072, brass 

with 10% zinc and cast iron (A287) were tested in order to 

investigate the relationship between the controlled 

parameters.  

Gopalsamy [2009]4 This applied Taguchi method 

to find optimal process parameters for end milling while 

hard machining of hardened steel. An orthogonal array, 

signal-to-noise ratio and ANOVA were applied to study 

performance characteristics of machining parameters 

(cutting speed, feed, depth of cut and width of cut) with 

consideration of surface finish and tool life. Chipping and 

adhesion were observed to be the main causes of wear. 

Multiple regression equations were formulated for 
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estimating predicted values of surface roughness and tool 

wear.  

Ginta et al. [2009]5  In this approach focused on 

developing an effective methodology to determine the  

performance of uncoated WC-Co inserts in predicting 

minimum surface roughness in end milling of titanium 

alloys Ti-6Al-4V under dry conditions. Central composite 

design of response surface methodology was employed to 

create an efficient analytical model for surface roughness in 

terms of cutting parameters: cutting speed, axial depth of 

cut, and feed per tooth.  

Ab. Rashid et al. [2009]6 This was presented the 

development of mathematical model for surface roughness 

prediction before milling process in order to evaluate the 

fitness of machining parameters; spindle speed, feed rate 

and depth of cut. Multiple regression method was used to 

determine the correlation between a criterion variable and a 

combination of predictor variables. It was established that 

the surface roughness was most influenced by the feed rate.  

Alwi [2010]7 studied the optimum of surface 

roughness by using response surface method. The 

experiments were carried out using CNC milling machine. 

All the data was analyzed by using Response Surface 

Method (RSM) and Neural Network (NN). The result 

showed that the feed gave the more affect on the both 

prediction value of Ra compare to the cutting speed and 

depth of cut.  

Routara et al. [2010]8 Highlighted a multi-

objective optimization problem by applying utility concept 

coupled with Taguchi method through a case study in CNC 

end milling of UNS C34000 medium leaded brass.  

S Datta, B C Routarab, Asish and S S Mahapatra9, 

they investigated a multi-objective optimization problem 

CNC end milling of 6061-T4 Aluminum by applying 

Principal Component Analysis (PCA) coupled with grey 

based Taguchi method (L25 Orthogonal Array) for 

predicting optimal setting. Depth of cut, spindle speed and 

feed rate were taken as process parameters and the 

performance characteristics were center line average 

roughness (Ra); root mean square roughness (Ra); and mean 

line peak spacing (Rsm). 

VI. MATERIAL SELECTION 

Aluminum 6351 –T6 in form of rectangular plate. 

Dimensions of rectangular bar   of 420mm x 120mm x 

20mm. 

A. Material Composition 

Material Percentage 

Al (a‟l) 96.0 to 98.5% 

Silicon (si) 0.7 to 1.3 % 

Magnesium (Mg) 0.84 to 0.8 % 

Magnese (Mn) 0.4 to 0.8% 

Iron (Fe) 0 to 0.5 % 

Titanium (Ti) 0 to 0.2 % 

Table 3: Material Composition 

B. Key Properties of Work Piece Material 

The most important properties that make aluminum and its 

alloys the most economical and attractive for a wide variety 

of uses are: 

 Appearance 

 Light weight 

 Corrosion resistance 

 Physical properties 

 Mechanical properties 

Properties  
Condition 

T(˚C) Treatment 

Density(˟1000 

kg/m
3
) 

2.6-2.8   

Position’s ratio 0.33 25  

Elastic modulus 

(GPa) 
70-80 25  

Tensile strength 

(MPa) 
250 25 

T4 

Yield strength 

(MPa) 
150 25 

Elongation (%) 20 25 

Reduction in 

area (%) 
 25 

Hardness 95 25 T6 

Shear strength 

(MPa) 
200 25 T6 

Fatigue strength 

(MPa) 
90 25 T6 

Applications 

 

Flywheel and rear axle housing, Busand 

aircraft wheels, Crankcases 

Table 3.1 Material properties with respect to heat treatment 

Base material Values 

Density 2.71g/cm
3
 (169 1b/ft

3
) 

Elastic (Young Tensile) modulus 7 / GPa(10˟10
6
  psi) 

Electrical conductivity 46 % /ACS 

Elongation at break 12 % 

Melting onset (Solidus ) 596 ˚C (1100 ˚f ) 

Specific heat capacity 890 J/kg –k 

Strength to weight ratio 118 KN-m/Kg 

Tensile strength – ultimate(UTS) 320MP (46˟10
3
 psi) 

Tensile strength  - yield (pro of ) 280 MPG 

Thermal conductivity 180w/m-K 

Thermal diffusivity 75 

Thermal expansion 21.6 um/m-k 

Table 3.2 Thermal Properties of material 

VII. CONCLUSION 

From various literatures survey results to found out that 

many researchers have investigated only limited number of 

process parameters like as cutting speed, feed and depth of 

cut of CNC milling. Effort to find out that there are many 

investigators research work on Aluminum alloy so we want 

to work on this material. In this research work we want to 

investigate influences of input machining parameters like 

cutting speed, tool feed rate, tool diameter, depth of cut and 

number of flute on response parameters like surface 

roughness. 
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