
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 01, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 311 

Optimization of Surface Roughness in CNC Milling - A Review 

Hiren R Patel1 V D Patel2 
1PG Student 2Assistant Professor 

1,2Department of Mechanical Engineering 
1,2LDRP-ITR, Gujarat, India

Abstract— By optimization of various parameters of CNC 

milling process like spindle speed, feed rate and depth of cut, 

improvement can be achieved in surface finishing & MRR. 

Various methods are used for predict Surface Roughness & 

MRR in CNC milling machine. Here Genetic Algorithm will 

implemented for better and nearest result. Number of 

experiments will done by using CNC milling machine. An L9 

Taguchi standard orthogonal array (OA) will choice for design 

of experiments and the main influencing factor will 

determined for each given machining criteria by using 

Analysis of variance (ANOVA),Genetic Algorithm(GA). The 

predicted values are confirmed by using validation 

experiments. 
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I. INTRODUCTION 

A. Milling Process 

Milling is the process of removing extra material from the 

work piece with a rotating multi-point cutting tool, called 

milling cutter. The machine tool employed for milling is 

called milling machine. Milling machines are basically 

classified as vertical or horizontal. These machines are also 

classified as knee-type, ram-type, manufacturing or bed type, 

and planer-type. Most milling machines have self-contained 

electric drive motors, coolant systems, variable spindle 

speeds, and power-operated and table feeds. The three 

primary factors in any basic milling operation are speed, feed 

and depth of cut. Other factors such as kind of material and 

type of tool materials have a large influence, of course, but 

these three are the ones the operator can change by adjusting 

the controls, right at the machine. 

B. Surface Roughness 

Surface roughness is an important measure of product quality 

since it greatly influences the performance of mechanical 

parts as well as production cost. Surface roughness has 

received serious attention for many years and it is a key 

process to assess the quality of a particular product. Surface 

roughness has an impact on the mechanical properties like 

fatigue behavior, corrosion resistance, creep life, etc. It also 

affects other functional attributes of parts like friction, wear, 

light reflection, heat transmission, lubrication, electrical 

conductivity, etc. 

Surface roughness of turned components has greater 

influence on the quality of the product. Whenever two 

machined surfaces come in contact with one another the 

quality of the mating parts plays an important role in the 

performance and wear of the mating parts. The height, shape, 

arrangement and direction of these surface irregularities on 

the work piece depend upon a number of factors such as: 

1) The machining variables which include 

 Cutting speed, 

 Feed and 

 Depth of cut 

2) The Tool Geometry 

Some geometric factors which affect achieved surface 

roughness include: 

 Nose radius, 

 Rake angle, 

 Side cutting edge angle and\ 

 Cutting edge. 

3) Work piece and tool material combination and their 

mechanical properties  

4) Quality and type of the machine tool used, 

5) Auxiliary tooling and lubricant used and 

6) Vibrations between the work piece, machine tool and 

cutting tool. 

II. LITERATURE REVIEW 

Milon D. Selvam, et. al.[1] had investigated the use of Taguchi 

technique and Genetic Algorithm (GA) for minimizing the 

surface roughness in machining mild steel with three zinc 

coated carbide tools inserted into a face miller of 25 mm 

diameter. The experimental study was carried out in a 

FANUC series CNC vertical machining center (VMC). The 

experiments have been planned using Taguchi’s experimental 

design technique. The machining parameters used are 

Number of passes (P), Depth of cut (dc), Spindle speed (N), 

and Feed rate (f). The effect of machining parameters on 

surface roughness is evaluated and the optimum cutting 

condition for minimizing the surface roughness is 

determined. The predicted values are confirmed by using 

validation experiments. 

They conclude that the influences of number of 

passes, depth of cut, spindle speed and feed rate on machined 

surface roughness in face milling operation have been 

studied. The experiment has been performed on Mild Steel 

and obtained data has been analyzed using Taguchi technique 

and Genetic algorithm. It has been observed that, Taguchi’s 

orthogonal array provides a large amount of information in a 

small amount of experimentation. All the four parameters are 

predominantly contributing to the response and all have been 

considered. Optimum machining parameter combination has 

been found through Taguchi technique and fine-tuned with 

Genetic algorithm. Results of both techniques have been 

compared and optimum machining parameter combination 

setup has been suggested for minimum surface roughness. 

The surface roughness evaluated through Taguchi technique 

is 0.975 μm with 4.308 % error from the predicted value and 

for genetic algorithm it is 0.88 μm with 4.625 % error from 

the predicted value. 

Hardik Patel, et. al.[2]  had work on  to check whether 

quality lies within desired tolerance level which can be 

accepted by the customers. So, optimizing surface roughness 

and metal removal rate using various CNC machining 

parameters including spindle speed (N), feed rate (f) and 
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depth of cut (d) and insert nose radius (r). By developing a 

mathematical model in CNC milling on a hard steel 

specimen. And this mathematical model is developed with the 

help of the design of Matrix. Also CNC (Computer 

Numerical Control), in which the instructions are stored as a 

program in a micro-computer attached to the machine. The 

computer will also handle much of the control logic of the 

machine, making it more adaptable than earlier hard-wired 

controllers. This experimental study aims at response surface 

methodology has been applied for finding the effect on 

surface roughness and metal removal rate by various process 

parameters. And after that we can easily find out that which 

parameter will be more affect. 

In this study the optimal cutting condition for face 

milling was selected by varying adjustable cutting 

parameters. With the L9 orthogonal array, experimental runs 

and determining suitable optimal cutting parameters for 

surface finish. The surface finish achievement of the 

confirmation runs under the optimal cutting parameters 

indicated that of the parameter settings used. In this study, 

response surface methodology will apply to produce the best 

surface roughness in this milling operation. Also, RSM is an 

efficient and effective method for optimizing surface 

roughness in a milling. 

Ravikumar Patel et. al.[3]  work of By optimization 

of various parameters of CNC milling process like spindle 

speed, feed rate and depth of cut, Improvement can be 

achieved in surface finishing. Various methods are used for 

predict surface roughness in CNC milling machine. Here 

Artificial Neural Network has been implemented for better 

and nearest result. By using this paper, mathematical model 

can be developed easily for milling process. Number of 

experiments have been done by using Hy-tech CNC milling 

machine. Conclusion from Taguchi method, Surface 

roughness is most influenced by Feed rate followed by 

spindle speed and lastly depends on depth of cut. Predicted 

surface roughness has been obtained, average percentage 

error is calculated by ANN method. The mathematical model 

is developed by using Artificial Neural Network (ANN) 

technique shows the higher accuracy is achieved which is 

feasible and more efficient in prediction of surface roughness 

in CNC milling. The result from this paper is useful to be 

implemented in manufacturing industry to reduce time and 

cost in surface roughness prediction. 

The main purpose of this work is to provide an 

nearest result for predict surface roughness in CNC end 

milling. The model developed is reliable to predict surface 

roughness with respect to all previous research. Artificial 

neural network is a feasible technique in engineering field. 

This technique provides a brand new perspective in 

engineering field and in surface roughness prediction to be 

precise. Back-propagation neural network had been 

implemented to prepare a predict model of surface roughness. 

From result, various reading indicates in table which is to 

minimize the error during surface roughness prediction.  

Bombale Ravindra Ramesh[4], V. L. Kadlag, D. R. 

Mahajanclaim that feed rate is the most important factor 

influencing surface roughness in machining of alloy steels. 

Apart from feed rate, the other parameters such as coolant 

flow and tool materials were also found to be significantly 

affecting surface roughness in respective case studies. 

Pinki Maurya et. al.[5] have study on CNC end 

milling, influence of various machining parameters like, tool 

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

depth of cut (mm). In the present study, experiments are 

conducted on AL 6351 –T6 material with three levels and 

four factors to optimize process parameter and surface 

roughness. An L9 (3*4) Taguchi standard orthogonal array 

(OA) is chosen for design of experiments and the main 

influencing factor are determined for each given machining 

criteria by using Analysis of variance (ANOVA). The surface 

finish have been identified as quality attributes and are 

assumed to be directly related to productivity. In this 

experiment we were found that order of significant of main 

parameter decreasing order is M3>N2>O2>P1.(Tool 

feed(M), Tool speed(N), Tool diameter(O) and Depth of cut 

(P) ). 

 
Fig. 1: [5] Main effects of each parameter on SR 

In this study the analysis of confirmation experiment 

and the design of control parameter with their level & four 

parameters to find the optimal control parameter to minimize 

the surface roughness that the parameter is Tool feed (M) as 

shown in fig.1 and table V, and the order of significance 

parameter is M3>N2>O2>P1.This is the successful 

validations of the Taguchi methodology 

III. CONCLUSION 

In this study the optimal cutting condition for mill was 

selected by varying adjustable cutting parameters. With the l9 

orthogonal array, experimental runs and determining suitable 

cutting optimal parameters for surface finish.in this study, 

response surface methodology will apply to produce the best 

surface roughness in this milling operation. Also, From above 

study we can say that surface finish of material is increase 

with increase in speed and ANOVA is efficient and effective 

method for optimizing surface roughness in milling. 
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