
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 19 (2017) pp. 8660-8664 

© Research India Publications.  http://www.ripublication.com 

8660 

Optimization of Internal Grinding Process Parameters on C40E Steel Using 

Taguchi Technique 
 

 

S. Jeevanantham1*,  N.M. Sivaram2, D.S. Robinson Smart3 and S. Nallusamy4 

 
1Research Scholar,  2Associate Professor,  

1 ,2 Department of Mechanical Engineering, Karpagam Academy of Higher Education, Karpagam University,  

Coimbatore - 641021, Tamilnadu, India. 
3Professor, School of Mechanical Sciences, Karunya University, Coimbatore - 641114, Tamilnadu, India. 

4Professor, Department of Mechanical Engineering, Dr. M G R Educational and Research Institute,  

Chennai - 600095, Tamilnadu, India. 
 

 
 

4Orcid Id: 0000-0003-1446-3332 

 

 

Abstract 

In a manufacturing sector we all know how essential it is to 

maintain the quality and to what extent the role of dimensional 

accuracy and surface finish plays an enhancing the quality. To 

attain good surface finish for any work piece material, various 

machining parameters are considered during machining. The 

various machining processes available to achieve a superior 

surface quality are grinding, honing, lapping and burnishing. 

Current work relates to the internal grinding process and its 

characteristics which help in improving the surface finish of 

the work piece material and dimensional accuracy. The C40E 

steel has been chosen for this experimental work as it has 

excellent applications in industrial sector namely automobile 

shafts, axles, spindles, studs, etc. In this investigation the 

internal grinding of C40E steel was executed for the 

optimization of output parameters with respect to change of 

input parameters. The cutting force, cutting speed and depth of 

cut were chosen as input parameters for this experimental 

work and output was optimized using Taguchi technique. 

Analysis of variance showed that, the surface roughness was 

bare minimum at 47.2N cutting force, 0.0084m/min cutting 

speed and 0.10mm depth of cut. 

Keywords: Internal Grinding; C40E Steel; Cutting Force; 

Cutting Speed; Depth of Cut; ANNOVA 

 

 

INTRODUCTION 

In general, to improve the dimensional accuracy and surface 

quality of the work piece internal grinding machining process 

could be considered. The various process parameters such as 

grinding wheel grain size, material removal rate, grinding 

wheel speed, work piece speed, depth of cut, material 

hardness, affects the cylindrical grinding operation. The main 

impact on surface roughness is feed and speed. The feed and 

speed are the main critical factors and high material removal 

rate leads to reduction in surface roughness [1-3]. For EN18 

steel improving surface hardness and surface roughness should 

rise in grinding speed, cross feed and in feed. Authors 

identified that most important and significant parameters are 

work piece speed and depth of cut. The depth of cut were 

found as a most important factor whereas the grain size, 

grinding speed, number of passes and cutting fluid 

concentration were considered as insignificant in heat treated 

AISI 4140 steel during grinding operation [4-6]. For finished 

mild steel work piece there is a positive effect on micro 

hardness. The various parameters such as nozzle angle, table 

speed, grinding wheel speed coolant inlet pressure were 

considered [7-9]. For EN8 steel work piece material to 

produce better surface finish water soluble were used as a 

cutting fluid and it was found to be better than pure oil used as 

water when mixed with oil has a better flow rate and viscosity 

is also very low resulting in a smooth action during grinding 

[10-12]. The depth of cut, feed rate, and grit size parameters 

were considered and the same factors were also influencing 

the effect of surface integrity in silicon carbide during grinding 

and insisted for increase in feed rate for decreases in surface 

damage and percentage area. The grit densities affected by the 

variation   within the range were also considered [13-15]. To 

reduce the specific energy, grinding force, acoustical emission 

and roughness values the pure oil was used. The high 

lubricating power of pure oil is results in reducing the 

generation of heat in the grinding zone and also decreases the 

friction. To obtain high-quality superficial dressing, pure oil 

was used as a grinding fluid and lesser tool wear was observed 

to be best suited for industrial applications [16-18].  

The efficient supply of metal working fluids (MWF) in 

grinding plays a key role in controlling the thermal conditions 

in the grinding arc. However, the suitable MWF supply in 

grinding is dependent on various parameters which are MWF 

flow rate, the jet velocity, the jet shape, the nozzle position 

[19-21]. The present work follows Taguchi optimization 
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technique which is a process of engineering optimization in a 

three step approach namely system design, parameter design 

and tolerance design. A basic functional prototype design 

would be produced by applying scientific and engineering 

knowledge. In parameter design, independent process 

parameter values will be optimized and where as in tolerance 

design, tolerances will be determined and analyzed for optimal 

values set by parameter design [22-24]. The method of 

optimization cycles allows expanding the number of optimized 

parameters and performing multivariable optimization in 

multidimensional space, which makes it use CAD to create 

engineering standards for cutting data for internal grinding 

operations that meet the requirements of modern production 

[25, 26]. Some studies state that, when up-dressing, a finer 

workpiece surface could be achieved as compared to the case 

of down-dressing. This is associated with higher grinding 

forces which are caused by the finer grinding wheel surface 

and investigation was carried out on the wear rate of CBN 

grinding wheels [27, 28]. Based on the above study, an attempt 

was made in optimization of internal grinding process 

parameters on C40E steel using taguchi technique and the 

results were validated through ANNOVA.  

 

EXPERIMENTAL WORK 

Actual specimen with dimensions 

Figure 1 shows the dimensions of selected specimen before 

subjected to internal grinding operation and Figure 2 shows 

the internal grinding machine considered for the work. 

Material C40E steel was selected as the work piece for 

investigation as shown in Figure 1. Here two samples of work 

pieces were used and where named as A and B. The 

dimensions of the work piece material were as follows outside 

diameter 100 mm and internal diameter 50 mm and length 50 

mm. This C40E steel is most widely used in industrial 

application such as shafts, axles, spindles, studs, etc as it 

brings out excellent mechanical properties. 

 

 
 

Figure 1: Specimen dimensions 

 

 

 

Table 1: Chemical composition of C40E steel 

 

Sl. No. Elements % of Composition 

1 Carbon 0.44% 

2 Silicon 0.40% 

3 Manganese 0.80% 

4 Sulphur 0.035% 

5 Phosphorous 0.05% 

 

The various chemical composition of work piece material is 

shown in Table 1. The work piece materials is first turned to 

100mm diameter by using lathe and apply drill to 50mm 

diameter internally using drilling machine. The two sample of 

work piece were ground internally by using internal grinding 

machine on that cutting force, cutting speed and depth of cut 

were recorded. Finally surface roughness of the each work 

pieces were measured at each region with the use of surface 

roughness tester shown in Figure 3. To minimize the error, 

three readings were noted for each sample and the average 

values of the three reading were used for record.  

 

 

Figure 2: Experimental work 

 

The internal grinding operation was performed after 

completion of turning and drilling process on the work piece. 

Here cutting oil was used for the lubrication purpose and this 

removes the heat during grinding process. The process 

parameters such as cutting force, cutting speed and depth of 

cut were used as input parameters. The surface roughness was 

chosen as the output response parameter. 

 

 
 

Figure 3: Mitutoyo SJ201 surface roughness tester 
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The input and output response parameters were recorded and 

tabulated in Table 2. The values of input machining 

parameters at various levels and their designation are tabulated 

in Table 3. For optimizing the input parameters the Taguchi 

design of experiment was used.  

 

Surface roughness tester  

Figure 3 shows the Mitutoyo SURFTEST SJ201 surface 

roughness tester. It is used to measure the surface finish for the 

machined C40E steel work pieces. This tester has a maximum 

measurement range of 350 μm (-200 μm to +150 μm) and can 

represent surface texture using various surface roughness 

parameters.  

 

Table 2: Experimental results of input parameters with surface 

roughness values 

 

M
a

te
r
ia

ls
 

S
a

m
p

le
s Input Parameters 

Out Put 

Parameter 

Cutting 

Force (N) 

Cutting 

Speed 

(m/min) 

Depth of 

Cut 

(mm) 

Surface 

Roughness 

(µm) 

C
4

0
E

 

A 

47.2 0.0084 0.10 0.524 

81.6 0.0084 0.15 0.557 

96.3 0.0084 0.20 0.555 

B 

45.1 0.020 0.1 0.635 

79.3 0.0144 0.1 0.613 

102.7 0.0114 0.1 0.623 

 

Table 2 shows the experimental results of various input 

parameters with surface roughness values. It indicates the 

parameters such as cutting force, cutting speed and depth of 

cut for both A and B samples. Cutting speed was kept constant 

for sample A, cutting force and depth of cut were varied and 

for sample B depth of cut was kept as constant, the cutting 

force and cutting speed were varied. Finally the output 

response surface roughness values were measured for each 

sample. 

 

Table 3: Shows the values of input machining parameters at 

different levels 

 

Material Parameters Code 

Levels 

1 2 

C40E 

Steel 

Cutting force A 96.3 102.7 

Cutting speed B 0.0084 0.0114 

Depth of cut C 0.20 0.10 

 

 

 

RESULTS AND DISCUSSION 

The observed and optimized values are discussed here and 

Table 4 indicates the signal-to-noise ratio (S/N) values for 

different parameters based on factor level. 

 

Table 4: Analysis of the S/N ratio values for surface 

roughness by factor level for C40E materials 

 

level Cutting force Cutting speed Depth of cut 

1 -4.750 -4.773 -4.745 

2 -4.659 -4.636 -4.664 

Delta  0.091 0.136 0.081 

Rank  2 1 3 

 

Analysis of variance 

By using the ANOVA in Minitab-17 software the results for 

surface roughness (SR) were analyzed. The evaluation 

criterion of ‘larger is better’ was used. For getting high surface 

finish surface roughness value should be minimum. Table 4 

summarizes the information for analysis of variance - Larger is 

better 

𝑆𝑁𝑅 =  −10 ∗ 𝑙𝑜𝑔(
1

𝑛
∑

1

𝑦2

𝑛

𝑖=1

 ) 

 

Table 4 shows the  surface roughness where it is clearly seen 

that the cutting force, cutting speed  is more influencing for 

surface roughness, while depth of cut is least influencing for 

surface roughness. The response Table 4 for signal to noise 

ratio shows that the cutting speed, cutting force, depth of cut 

was been ranked as 1, 2 and 3 respectively. 

The Figure 4 shows the main effects of the plot for mean SN 

ratios of with surface roughness comparison with cutting 

force, cutting speed and depth of cut. 

 

 

 

Figure 4: Main effects plot for means SN ratios  

(Surface Roughness) 
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Confirmation of experiment 

The predicted values of means were investigated using 

confirmation test and are shown in Table 5. Since the error 

between experimental and predicted value is only 1.3% the 

experimental work is said to be satisfactory. 

 

Table 5: Confirmation test result and comparison with 

predicted result as per model 

 

Output 

Parameter 

Experimental 

Value 

Predicted 

Value 

% 

Error 

Surface 

roughness(μm) 
0.524 0.517 1.3 

 

CONCLUSIONS 

 The experimental work was carried out successfully and 

analytical results were obtained from the investigations. Based 

on the results the following conclusions were made, 

 In internal grinding process the tool geometry, forming of 

surfaces and flattening are outstandingly maintained.  

 The input parameters like cutting force, cutting speed 

have a significant effect on output parameters such as 

surface roughness, MRR and tool life, while depth of cut 

has the least effect on surface roughness of C40E steel 

when compared to other input parameters.  

 The optimization results shows that the minimum 

conditions for obtaining better surface finish are cutting 

force @ 47.2N, cutting speed @ 0.0084m/min and depth 

of cut @ 0.10mm.  

 The optimized minimum surface roughness of C40E steel 

was observed as 0.524μm. 
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