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Abstract— Productivity and Quality play important role in 

today’s manufacturing market. In machining operations, for 

machined products Achieving desired surface quality like 

surface roughness and flatness, maximum material removal 

rate and minimum power consumption is really a challenging 

job on vertical machining center. Due to very exacting and 

challenging competitive market condition in manufacturing 

industries. The main objective of any industries reveal with 

producing better quality product at minimum cost and 

increase productivity. CNC milling machine can give better 

quality product with dimensional accuracy and good surface 

quality with minimum time. To obtain main project an 

attempt is made to understand the effect of machining 

parameters such as spindle speed(rpm), feed rate 

(mm/min),depth of cut (mm) that are influences on 

responsive output parameters can be measured by using 

optimization technique. In this work three levels and three 

parameters are considered; and L27 orthogonal array should 

be carried out by using two different insert coatings PVD and 

CVD coated inserts and compare both them. For the 

experimentation the wet conditions is taken. In this 

optimization of milling process parameters using Taguchi 

method in machining of Mild steel IS 2062 is carried out.    

Key words: CNC Face Milling, Taguchi Method, Surface 

Roughness, MRR, Mild Steel IS 2062 

I. INTRODUCTION 

In vertical milling machine chips are cut off by the rotating 

milling cutter, the cutting edges are which are arranged in a 

circular way. The milling cutter is a multi-point cutting tool. 

To enable the cutting edge of milling cutter to penetrate into 

the material, the cutting edge have shape of wedge. The 

circular motion of the cutter is called main or cutting motion 

.to form a chip thickness, the workpiece perform a straight 

lined feed movement .Main and feed movement are caused 

by the milling machine. During the operation each cutting 

edge takes part in cutting only during the part of a cutter 

revolution. During the remaining time, it run idle and can cool 

off. Therefore the stress is not a heavy as with the turning 

tool, the cutting edges of which is in constant contact with the 

job. 

 The performance of VMC machines has increased 

over the years, leveraging technologies such as high-speed 

spindles and advanced CNC capabilities, Ancillary 

equipment is also available to increase the capabilities and 

flexibility of these machines, including spindle speeders, 

angle heads, tool- and part-probes, quick-change work 

holding devices, and rotary indexers to enable four- or five-

axis machining work. 

 
Fig.1: CNC milling machine (VM20i) 

II. MACHINING PARAMETERS 

A. Cutting Speed  

Cutting speed of cutter means the travel of one cutting tooth 

in meter/min. 

Revolutions of the milling cutter per min calculated from the 

equation 

𝑛 =
1000 × 𝑣

π × d
 

𝑣 =Cutting speed (m/min) 

d =Diameter of cutter (mm) 

𝑛 =No. of Revolutions of the cutter per min 

B. Feed rate 

For milling operation, the feed rate is expressed as the rate of 

feed in mm/min. It is the distance in mm which the milling 

machine table and workpiece can travel in one min. 

C. Depth of cut 

Depth of cut is the total amount of metal removed per pass of 

the cutting tool. It is expressed in mm. It can vary and 

depending upon the type of tool and work material 

I. RESPONSE OUTPUT PARAMETERS 

A. Surface roughness 

Surface roughness tests are to be conducted on all the surface 

of samples, after each of the trial with the help of surface 

roughness tester instrument. The surface roughness 

parameter is one of the measurable characteristic of surface. 

There are many different roughness parameters like Rz, Rt, 

Ra and Rq among which Ra is most commonly used. 
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B. Material Removal Rate (MRR) 

The material removal rate of the workpiece is measured by 

ratio of the difference between weight of the workpiece 

material before machining and weight of the workpiece 

material after machining to the machining time that is 

achieved. 

C. Power consumption 

The power consumed by the VMC machine depend on many 

factors and the rate of change of consumption is not constant. 

If we know the value of current and multiply by voltage we 

get the power. If minimizing the power consumption rate will 

reduce cost of machining. 

III. LITERATURE SURVEY 

In concerned with the proposed work the following few 

research work have been reviewed. 

 G.Tamil Kumaran et.al [01] G.Tamil Kumaran et.al 

[01] for optimization of face milling parameter of EN 

19/EN31 steel material with PVD and CVD coated tools on 

Fanuc series vertical CNC milling ANOVA technique used. 

Total of 27 experiments conducted at 3 levels for input 

variables cutting speed(100m/min,150m/min,200m/min), 

feed rate(0.2mm/rev,0.25mm/rev.0.3mm/rev), depth of 

cut(0.2mm,0.3mm,0.4mm). For better surface finish 

multipoint cutting edges tool are used.by using SJ210 

portable surface roughness tester surface roughness 

measured. For high depth of cut with increasing in cutting 

speed MRR increases.by machining PVD insert better surface 

finish was produced.  

 Sangesh Gaikwad et.al 2014 [02] investigated tool 

wear of PVD and CVD coated cutting tool insert at various 

combination of cutting speed ,feed, depth of cut of low carbon 

steel EN8 for end milling operation. the experiments were 

conducted on PVD and CVD coated tool insert with different 

cutting speed(251 mm/min,314 mm/min,410 mm/min) ,feed 

rate(0.33 mm/tooth,0.66 mm/tooth,0.2mm/tooth) it is found 

that primarily tool wear affected by cutting speed and then 

secondly affected by feed rate. PVD coated tool insert gives 

better tool wear than CVD coated tool insert.  

 S.Sheth et al [03] study the effect of machining 

parameter during face milling operation on flatness and 

surface roughness for workpiece material Wrought cast steel 

grade B (WCB). The Grey relational analysis(GRA) carried 

out to optimize process parameter by varying spindle 

speed(500rpm,850rpm,1200rpm),Feed 

rate(150mm/min,225mm/min,300mm/min)and depth of 

cut(0.1mm,0.3mm,0.5mm) with miracle coated VP15TF 

insert. The flatness and surface roughness measured by using 

coordinate measuring machine (CMM) and Surface 

roughness tester.it can be found that flatness error will be 

minimum at high spindle speed, medium feed rate and high 

depth of cut while better value of surface finish can achieved 

at high spindle speed, lower feed rate and high depth of cut. 

 Balinder Singh et al (2014) [04] used Taguchi 

method for optimization of process input parameter on CNC 

vertical milling machine with EN24 steel as workpiece 

material and carbide end mill as cutting tool.L27 orthogonal 

array with control parameters as cutting 

speed(2200rpm,2400rpm,2800rpm), Feed 

rate(850mm/min,1000mm/min,1200mm/min) depth of cut 

(0.2mm,0.4mm,0.6mm) for that the response parameters are 

surface roughness and material removal rate. Surface 

roughness measured on Surf Test SJ301 surface roughness 

tester. Output analyze by Minitab software and S/N ratio 

obtained by Taguchi methodology. For surface roughness 

smaller-the-better type S/N ratio was applied and for material 

removal rate (MRR) larger-the-better type S/N ratio was 

applied. 

 R.Arunmozhivarman et al (2017) [05] Investigation 

and predication of flatness, surface roughness material 

removal rate and machining time on face milling operation 

with HCHCR steel material in this study L9 orthogonal array 

with control parameter cutting speed ,feed rate and depth of 

cut the Taguchi technique and ANOVA used to obtain 

optimal milling parameter. The percentage of contribution for 

surface roughness, material removal rate and machining time 

were maximum influenced with cutting speed and for flatness 

error only influenced with feed. Flatness value measured by 

using bridge type CMM machine. For machining time S/N 

ratio is smaller-is-better. 

 Avinash A. Thakre et al (2013) [06] work includes 

effects of various milling parameters with 3 levels such as 

spindle speed(1500rpm,2000rpm,2500rpm), Feed rate 

(800mm/min,1000mm/min,1200mm/min), depth of 

cut(0.4mm,0.8mm,1.2mm) and coolant flow(0 lit/min,30 

lit/min,60 lit/min) on the surface roughness (Ra) of  finished 

products. For face milling operation experiments were 

conducted using Taguchi technique L9 orthogonal array on 

1040 MS material on CNC vertical milling machine using 

carbide inserts. Surface roughness tester SV514 MITUTOYO 

optimal results were verified with the help of analysis of 

variance(ANOVA).surface roughness parameter was mainly 

controlled by coolant flow its contribution is approximately 

60%.better surface finish is obtained with optimal coolant 

flow rate .The second most important contribution was 

spindle speed(=22%) 

 Ritesh Kumar Singh et al (2018) [07] Experiments 

carried out on face milling operation n Mild steel E250 (IS 

2062:2011) material with 3 levels of input parameters as 

Spindle speed(800rpm,1000rpm,1200rpm), Feed 

rate(1mm/min,2mm/min,1mm/min),Depth of 

cut(1mm,2mm,3mm)  with output parameters are 

material removal rate and surface roughness used to 

formulate combined objective function (COF) and Genetic 

algorithm (GA) used to optimize face milling parameter of 

L18 array. Cemented carbide milling cutter of 50mm 

diameter with 5 numbers of cutting edges. Form 

experimentation it is found that minimum and maximum 

calculated MEE are 5177 mm3/min and 19573 mm3/min and 

surface roughness are 1.153 µm and 2.986 µm. 

 Milon D Selvam et al (2012) [08] Use of Taguchi 

technique and genetic Algorithm (GA) for minimizing mild 

steel material with three zinc coated carbide tools inserted 

into face miller of 25 mm diameter. Experiments carried out 

in FANUC series CNC vertical milling center (VMC)for that 

input parameters based on Taguchi’s L9 orthogonal array 

with 3 levels are No of passes(1,2,4,), Depth of 

cut(0.10mm,0.16mm,0.20mm), spindle 

speed(1000rpm,1500rpm,2000rpm), feed rate 

(300mm/min,400 mm/min,500 mm/min). from the response 
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the set of optimum machining parameters were found as 

Number of passes(2),depth of cut(0.1mm),Spindle 

speed(2000rpm),feed rate(500mm/min) it is also found that 

The surface roughness by Taguchi technique is 0.975 µm 

with 4.308% error form the predicted value and from genetic 

algorithm is 0.88 µm with 4.625% error from predicted value. 

 Pratyusha J et al (2013) [09] focused on effect of 

various face milling parameter on AISI 304 S.S plate material 

on VMC using carbide insert by using Taguchi technique L9 

orthogonal array the three different levels of input parameters 

that are Spindle speed(1000rpm,1250rpm,1500rpm),feed 

rate(100mm/min,150mm/min,200mm/min),depth of 

cut(0.25mm,0.50mm,0.75mm) the effect of machining 

parameters on surface roughness and material removal rate is 

determined. 

 Mohit A. Shrivastava (2017) [10] Experimental 

investigations of chatter on mild steel 2062 130 BH in high 

speed milling VMC with 2 face milling tools 63 mm diameter 

with 4 inserts and 63 mm diameter with 5 inserts of CNMG 

1204 12(carbide insert) without shim and with shim material 

as carbide, brass and aluminium taken for experiment. The 

experiment were conducted at three different cutting speed 

(200m/min, 250 m/min, 300 m/min), three different depth of 

cut (0.8mm, 1mm, 1.2mm) and constant feed per tooth 

0.15.surface roughness parameter is measured with SJ 210 

surface roughness tester.it found that with shim material brass 

gives good surface finish at 250 m/min (1010 rpm) at depth 

of cut 1.2mm and 1mm with surface roughness 0.6 µm and 1 

µm. 

 Chintan H.Patel et al (2013) [11] Investigated the 

optimization of end milling parameter on AISI 1018 mild 

steel material with hard PVD coated super micro-grain 

carbide end mill by various lubricant using L27  orthogonal 

array with grey relational analysis method. Quaker 7101, 

blasocut strong 4000 and velvex selected as lubricant. 

Experiment carried out by taking three different levels of 

cutting parameters that are no of tool flutes(2,3,4),depth of 

cut(0.5mm,0.75mm,1mm),feed rate (0.122 

mm/rev,0.184mm/rev,0.239mm/rev),spindle speed 

(800rpm,1000rpm,1200rpm) for that the response parameters 

are surface roughness, power consumption and cutting force. 

It conclude that by using Quaker 7101 lubricant surface 

roughness improved. 

 Aditya Kulkarni et al (2014) [12] Investigated the 

optimization of CNC turning parameter on AISI 1040 steel 

with Mitsubishi CVD coated carbide insert tool geometry 

CNMG 1204 04,CNMG 1204 08, CNMG 1204 12 with 

PCLNR 2525 tool holder based on Taguchi approach L27 

orthogonal array and analysis of variance (ANOVA) is also 

applied to identify most significant factor. Input parameters 

Cutting speed (m/min), feed (mm/rev), depth of cut (mm), 

nose radius (mm) and concentration of cutting fluid  (%) are 

optimized for power consumption as performance 

characteristic. Power measure by two wattmeter method both 

calibrated wattmeter was used and there reading added after 

multiplying suitable multiplying factor to get power 

consumption.it is observed that by increasing in cutting fluid 

concentration level from 3% to 9 % result in significantly 

decreasing in power consumption and it increasing with 

cutting speed from 200 m/min to 350m/min along with depth 

of cut 0.5mm to 1.3mm. 

 Turgay Kivak (2014) [13] Taguchi method and 

regression analysis have been applied to evaluate the 

machinability of Hadfield steel with 2 types of cemented 

carbide tool inserts PVD TiAlN- and CVD TiCN/Al2O3-

coated by using 20mm diameter tool holder under dry face 

milling conditions. The cutting tool, cutting speed and feed 

rate were selected as machining input parameters. Analysis of 

variance (ANOVA) was used to determine the effects of the 

machining input parameters on surface roughness and flank 

wear.  As result obtained that CVD coated tool gained 

advantage over PVD coated tool in obtaining lower RA and 

Vb value most important factor affecting surface roughness 

was feed rate (82.38%), cutting tool (2.55%), cutting speed 

(9.33%) and for flank wear cutting tool (23.84%), cutting 

speed (49.33%), feed rate (16.91%). it is conclude that CVD 

have better performance the PVD for Hadfield steel material. 

 Kuldip singh sangwan et al (2017) [14] focused on 

optimization of machining parameters during the turning of 

AISI 1045 steel with use of tungsten carbide tool. Presents 

predictive and optimization model based on integrated 

response surface methodology and genetic algorithm 

approach to predict the energy consumption. Experiments 

were conducted for the 27 combinations of sets to get the 

power consumption values. The statistical significance of the 

developed model was analyzed using Analysis of Variance 

(ANOVA) and GA was used to find the optimum values of 

the machining parameters for minimization of power 

consumption. There are three different levels for cutting 

speed(103.31 m/min,134.30 m/min,174.14m/min),feed 

(0.12mm/rev,0.16mm/rev,0.20 mm/rev),depth of 

cut(0.50mm,1mm,1.50mm) selected. Taguchi’s L27 

orthogonal array was used to design the experiments. From 

this experimentation it is found that the contribution for 

power consumption parameter is depth of cut (61.71%), feed 

rate (12.85%) and cutting speed (16.40%). 

 S.G. Wang et al (2005) [15] studied the using 

general machine center in one pass milling process to finish 

aluminum alloy 6061-T6 plate with the mirror surface 

roughness.by including the spindle speed, feed rate, depth of 

cut, and number of inserted blades in the face miller of 160 

mm diameter that maximize the metal removal rate while the 

surface roughness parameter meets the average criterion of a 

mirror surface. The ‘sequential neural network 

approximation method’ was used to find the optimal 

machining parameters. With the use of multiple blade cutter, 

there is an ‘optimum’ spindle speed (cutting speed). A high 

spindle speed (cutting speed) will increase Ra due to the 

chatter problem. As expected, a reduced depth of cut and feed 

per cutter tooth will result in a better surface finish but will 

also reduce the metal removal rate. 

 John .L.Yang (2001) [16] Identifying Optimum 

Surface Roughness Performance in End-Milling Operations 

for Al 6061 material with three different levels of the 

controllable factors are depth of cut(A) (0.01 

in,0.02in,0.03in), cutting speed (B) 

(1500rpm,3000rpm,5000rpm), feed rate (C) (10 

ipm,20ipm,30ipm),and tool diameter (D)(0.5in,0.75in,1.0in) 

.The analysis of confirmation experiments Taguchi parameter 

design can successfully verify the optimum cutting 

parameters which are depth of cut=0.02in ,cutting 

speed=5000rpm, feed rate=10 in/ min and tool 
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diameter=0.75in In order to set the cutting parameters, four 

confirmation runs were conducted. The average value of 

surface roughness [Mean (=23 in) and S/N ratio (= -27.38 

dB)] were calculated and found to be within the 95% 

confidence interval. 

 D.Bajic et al (2008) [17] Examined the influence of 

cutting parameters on surface roughness in face milling of 

carbon steel St 52-3 Cutting speed, feed rate and depth of cut 

have been taken into consideration as the influential factors 

on surface roughness. The first approach is a given to design 

of experiment (DOE) together with an analysis of variance 

(ANOVA) and regression analysis (RA). The second 

approach is modelling by means of artificial neural networks 

(ANNs).by analysis of result the minimum value RA =0.81 

µm obtained if cutting speed=110 m/min, feed rate=0.19 

mm/tooth and depth of cut=0.82mm. 

 M.Adinarayana et al (2014) [18] This study deals 

with optimization for surface roughness, MRR, power 

consumption(KW) in turning of EN24 alloy steel with PVD 

coated tool by GA algorithm. In the constructed optimization 

problem, there are three decision on variables considers: 

cutting speed (740 rpm, 580 rpm, 450 rpm), feed 

(0.09mm/rev, 0.07mm/rev, 0.05mm/rev) and cutting depth 

(0.15mm, 0.10mm, 0.05mm). 

 Yusuf Fedai et al (2018) [19] Research done on the 

effect of machining parameters on the various surface 

roughness characteristics (arithmetic average roughness (Ra), 

root mean square average roughness (Rq) and average 

maximum height of the profile (Rz)) in the milling of AISI 

4140 steel material with use of TiAlN+TiN, PVD-coated, R 

390-11 T308M-PM 1030 solid carbide insert were 

experimentally investigated. Three levels For that control 

factors considered as Depth of cut(0.5mm,1mm,1.5mm), feed 

rate(0.08mm/rev,0.12mm/rev,0.18mm/rev), cutting speed 

(175 m/min,250m/min,325m/min) and the number of 

insert(1,2,3); Ra, Rz and Rq were considered as response 

factors. Experiments were designed considering Taguchi L9 

array. Analysis of variance was conducted to detect the 

significance of control factors on responses. The percent 

contributions of the control factors on the surface roughness 

parameter were obtained to be the number of insert (71.89 %), 

feed (19.74 %), cutting speed (5.08%) and depth of cut (3.29 

%). Minimum surface roughness values for Ra, Rz and Rq 

were obtained at cutting speed (325 m/min), feed rate (0.08 

mm/rev), number of insert (1) and depth of cut (1 mm) by 

using multi-objective Taguchi technique. 

 W. Li et al (2014) [20] Study the effect of tool wear 

during end milling operation on Inconel 718 material using 

20 mm diameter end milling cutter with one PVD (Ti, Al) 

N/TiN-coated carbide inserts Investigated the effects of each 

level of tool flank wear, the effects of cutting speed, feed, and 

radial depth-of-cut and typical process parameter values on 

surface integrity with totally twenty-one cutting tests. 

Conclusion is that all the milled surfaces had roughness of 

less than 0.4 μm, and the majority surface roughness less than 

0.25 μm and higher tool wear produced less surface 

roughness. 

 Dheerendra Sengar et al (2016) [21] Study the effect 

of machining parameters spindle speed, feed rate and depth 

of cut on end milling operation on Ferrous material like 6101 

aluminum alloy and Copper of electrolytic grade, and non-

ferrous material of Mild Steel 2062.experimentation done on  

Mild Steel 2062 with three levels of input parameters taken 

that are spindle speed (2500rpm,3000rpm,3500rpm),feed 

rate(300mm/rev,400mm/rev,500mm/rev),depth of cut 

(0.20mm,0.25mm,0.30mm) HSS end mill cutter of 12mm 

diameter used for optimize surface roughness. The predicted 

result achieved via fuzzy logic model are compared to the 

experimental result. The result between fuzzy model and 

experimental result s with 95.618% accuracy for 6101 

aluminum alloy,83.849% for copper and 98.334% for mild 

steel 2062. 

IV. SELECTION OF WORKPIECE MATERIAL 

IS 2062 mild steel is one of the most commonly used 

construction materials. The Material is very strong and can be 

made from readily available natural materials. It is known as 

mild steel because of its relatively contains of low carbon.  In 

materials science, strength is complicated term. Mild steel has 

a high resistance to breakage and is especially desirable for 

construction due to its good weldability and machinability. 

Because of its quit softness it has machinability and 

weldability. This means that it can be easily machined as 

compared to harder steels. 

A. Application of IS 2062  

There are many applications of IS 2062 mild steel material.it 

is used in manufacturing of gears, forgings, fasteners, 

bearings, keyways, pinons etc. 
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