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Abstract - The surface finish of drilled components affecton fatigue life and endurance strength which influences dynamic 
performance. This paper is focused on achieving higher surface finish and optimized machin ability parameters to 
manufacture high quality of Kingpin Bush using RSM technique. HE30 (6082) aluminium alloy is drilled for Kingpin bush 
application on CNC Lathe machine. The surface roughness is measured using Mitutoyo SJ210 surface roughness tester and 
SEM photographs are taken by LEICAStereoscan 440. Three variable parameters i.e. spindle speed 600-800 rpm, feed 0.05-
0.08 mm/rev and point angle 900-1160are selected for machinability assessment. RSM-CCD experimental desirability 
approach suggested 793 rpm spindle speed, 0.0517mm/rev feed and 1100 point angle for minimum surface roughness of 
0.27µm theoretical and 0.293 found during experiment. SEM photographs of optimal desirable solution focused on texture of 
machined surface. 
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I. INTRODUCTION 

 
Holemaking is a one of the important processes in 
material removal process. Generally 75% of all 
machining processes involves drilling operation. In 
automobile industries drilling has got significant 
economical importance because of its existence 
among finish conditions of the manufactured parts. 
Drilling a hole plays very crucial role in automotive 
and aerospace industries as it accounts for 40% of all 
metal removal operations [1]. Surface roughness is a 
critical quality indicator which improves load bearing 
capacity, wear resistance, fatigue strength and 
corrosion resistance[2]. Kingpin bush is most widely 
used in stub axle and steering mechanism in 
automobiles. It requires higher surface finish for 
longer functional life, corrosion resistance, wear and 
abrasion resistance properties. Generally aluminum 
bronze and gun metal are extensively used which 
having good compressive strength, yield strength, 
wear and abrasion resistance etc. HE30 aluminum 
alloy also having similar and improved qualities than 
other material therefore used in trusses, bridges, 
cranes and transport applications, aerospace 
applications and bearings[3]. HE30 aluminum alloy 
has good mechanical properties in lower cost as 
compared to other bush material and applications. 
Hence attempt is made to optimize internal surface 
finish of drilled hole in aluminum alloy bush of HE30 
to satisfy functional requirement of Kingpin bush. 
Salmah et al. [5] investigated the effects of spindle 
speed, feed and drill diameterto minimize surface 
roughness. Surface texture of material was also 
observed in their work. Kivak et al. [2] focused on the 
optimization of drilling parameters such as cutting  

tools, cutting speed and feed using Taguchi 
technique. Cutting tools was the most significant 
factor influencing surface roughness (Ra) and found 
out that surface roughness was decreased with 
increasing cutting speed because higher temperatures 
generated at tool-chip contact area which decreases 
the Built up Edge formation. When Built up Edge is 
large and unstable, the surface roughness increases. 
Goel et al. [6] worked on optimization of deep 
drilling process based on Taguchi method for 
minimising surface roughness. The results showed 
that combination of factors and their levels A2B3C2D1 
i.e. machining was done in presence of cutting fluid, 
at a speed of 500 rpm, with a feed of 0.4 mm/sec and 
25mm hole depth which yielded the minimum surface 
roughness. The result of ANOVA concluded that all 
four cutting parameters were significantly affected 
the surface roughness with maximum contribution 
from speed (27.02%) followed by feed (22.99%) and 
hole depth (14.29%). Kalita et al. [7] optimized 
drilling parameters such as cutting speed, tool 
diameter and cutting fluids to obtain minimum 
surface roughness (Ra). Cutting speed was found to 
be the most significant factor whereas drill tool 
diameter and cutting fluid were insignificant factors 
to surface roughness. Speed was the highest 
contribution factor with 66.93% then drill tool 
diameter and cutting respectively. 
Joshua et al. [8] investigated the effect of feed, 
spindle speed and depth of cut on 6061 Al alloy. As 
spindle speed increased, surface roughness values 
were decreased. At lower spindle speed, friction 
between the work piece and cutting tool was high due 
to chips formed which get deposited on the work 
piece and tool interface. These high friction existed in 
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the tool-chip and workpiece-tool interface led to 
interruption during cutting operations, high force in 
machining, more energy, high temperature led to poor 
surface quality. As the spindle speed increased, there 
was a considerable decrease in the coefficient of the 
friction between the work piece and tool interface, 
chips formed were continuous which had made less 
contact between the workpiece and tool interface, 
result in lower coefficient of friction and better 
surface quality. At constant depth of cut surface 
roughness values were increased with increase in 
feed. It meant that poor surface quality was produced 
due to increase in feed. It was expected because at 
increased feed, more chips were interacted in between 
workpiece and tool interface causing more friction, 
heat and interruption producing poor surface finish. 
At low feed, chips formed during cutting operations 
were continuous having less interruption between 
tool-chips and workpiece-tool interface. As feed was 
increased, chips became discontinuous and got 
deposited between workpiece and tool, increasing 
coefficient of friction and more interruptions led to 
poor surface finish.Ozel et.al. [9] investigated 
experimentally the effect of drilling parameters of 
spindle speed, feed, drill diameter and point angle and 
they observed built up edges arise on the cutting 
edges of drilling tool in drilling of Al 5005 
alloy.Prakash et.al. [10] conducted experiments to 
analyse surface roughness using various machining 
parameters using RSM technique optimised the 
surface roughness. Surface finish was increased with 
increase in spindle speed while decrease with 
increase in feed and depth of cut.RSM technique 
estimated the optimum surface roughness value as 
1.192 microns at the parametric combination of 
spindle speed 3000 rpm, 1000 mm/min feed and 0.2 
mm depth of cut.  RSM seemed to be more promising 

technique in performing analysis of surface roughness 
using various combinations of machining parameters. 
Jana et.al. [11] compared output responses of surface 
finish, form errors, diametric overcut and dimensional 
accuracy on CNC drilling and Die sinking EDM 
process on HE-30Aluminium alloy. In CNC drilling, 
surface roughness was increased with increase in 
spindle speed while surface roughness increased to 
somewhat extent and then gradually decreased with 
increase in feed. Better results of surface roughness 
obtained in case of CNC drilling. 
Patel et.al. [12] investigated the effect of machining 
parameters like spindle speed, feed, depth of cut and 
nose radius on surface roughness. They concluded 
that the surface roughness was affected by cutting 
speed and nose radius. Depth of cut has less effect on 
surface roughness which is predicted by linear 
regression model. This work substantially reduced the 
number of miscellaneous, expensive and time 
consuming experiments conducted on CNC lathe 
machine using HSS twist drill bit on HE30 
aluminium alloy by determining combination of 
optimum parameters. This optimisation technique can 
be applied to different applications in manufacturing 
industry to obtain optimal process parameters which 
will reduce total production cost and machining time 
and also it provide higher productivity and quality 
thereby increasing profit of any manufacturing firm. 
Hence, above literature references helps to 
understand drilling machinability of Aluminium alloy 
for surface roughness as main criteria but very less 
information given regarding surface textures/ 
topography in drilling operation on HE30 aluminium 
alloy. The theme and experimental work setup shown 
in figure 2 and work methodology flow chart shown 
in figure 3. 

 
Figure 1. Applications of Kingpin bush [4] 
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Figure 2. Schematic of theme and experimental setup 

 

 
Figure 3. Methodology flow chart 

 
II. EXPERIMENTAL WORK 
Drilling operation is performed on CNC lathe 
machine (JYOTI DX 2005A). HE30 aluminum 
circular workpiece of 25 mm diameter and 35 mm 
length dimension is selected for drilling and HSS 
twist drill of 15 mm diameter with taper shank(see 
figure 4)is selected for tool material having different 
point angles 900, 950, 1030, 1100, 1160. The chemical 

composition of material is checked on electron 
spectroscopy shown in Table 1. RSM-Central 
Composite full factorial Design is chosen to optimize 
machinability parameter of surface roughness. 
Surface roughness of drilled workpiece is measured 
using MitutoyoSJ210 surface roughness tester (see 
figure 5). Scanning electron microscopic photographs 
are taken by LEICA Stereoscan 440. 

 
Table 1. Alloying elements in HE30 alloy 

Al Mn Cr Si Cu Ti Zn Fe Mg Residue 
94.2-98.3 0.4-1.0 0.25 0.7 0.1 0.1 0.2 0.5 0.6 0.15 
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Figure 4. Schematic of HE 30 aluminum alloy workpieceand HSS twist drill 

 

 
Figure 5. Surface roughness measuring instruments 

 
III. RESULT AND DISCUSSIONS 
 
RSM based CCD method is used to analyse and to 
obtain process parameter setting (see Table 2) to 

improve process performance. Experimental data is 
recorded during drilling operation and optimized 
drilling parameters such as spindle speed, feed and 
point angle using desirability approach. 

 
Table 2.Experimental results of surface roughness for drilling process 

Experiment 
No 

Drilling parameters Surface roughness 
Spindle speed(rpm) Feed(mm/rev) Point angle(Degrees) Ra 

1 640.5396 0.056081 95.27015 1.127 
2 759.4604 0.056081 95.27015 0.875 
3 640.5396 0.073919 95.27015 1.361 
4 759.4604 0.073919 95.27015 1.072 
5 640.5396 0.056081 110.7298 0.874 
6 759.4604 0.056081 110.7298 0.485 
7 640.5396 0.073919 110.7298 1.053 
8 759.4604 0.073919 110.7298 0.298 
9 600 0.065 103 1.147 
10 800 0.065 103 0.808 
11 700 0.05 103 0.86 
12 700 0.08 103 0.758 
13 700 0.065 90 0.847 
14 700 0.065 116 0.758 
15 700 0.065 103 0.856 
16 700 0.065 103 1.624 
17 700 0.065 103 0.619 
18 700 0.065 103 0.847 
19 700 0.065 103 1.363 
20 700 0.065 103 0.421 
 
ANOVA Table 3 is helped to judge the experimental 
resulted parameters are statistically significant or not. 
The quadratic interpolation is chosen in RSM-CCD 

using design expert 10.0 software to understand 
machinability effects. 
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Table 3.ANOVA and response surface quadratic model for surface roughness (Ra) 

Source Sum of Squares Df Mean Square F Value p-value 
Prob> F 

Model 1.538032 9 0.170892 3.555058 0.030406 
A-Spindle speed 0.421954 1 0.421954 8.777862 0.014221 
B-Feed 0.791159 1 0.791159 16.4584 0.002298 
C-Point angle 0.165268 1 0.165268 3.43806 0.0934 
AB 6.13E-06 1 6.13E-06 0.000127 0.991216 
AC 0.010011 1 0.010011 0.20826 0.657885 
BC 1.25E-07 1 1.25E-07 2.6E-06 0.998745 
A2 0.005151 1 0.005151 0.107149 0.750163 
B2 0.121334 1 0.121334 2.524093 0.143203 
C2 0.023629 1 0.023629 0.491542 0.499229 
Residual 0.480702 10 0.04807   Lack of Fit 0.471653 5 0.094331 52.1202 0.000259 
Pure Error 0.009049 5 0.00181   Cor Total 2.018735 19    Std. Dev. 0.219249  R-Squared 0.761879  Mean 0.90265  Adj R-Squared 0.547571  C.V. % 24.28951  Pred R-Squared -0.77884  PRESS 3.591007  Adeq Precision 7.182809   
In this case spindle speed and feed is more significant 
model term. The "Lack of Fit F-value" of 52.12 
implies the Lack of Fit is significant. There is only a 

0.03% chance that a "Lack of Fit F-value" this large 
could occur due to noise. 

 

Figure 6. Normal Probability plot of experimental work 
 
Normal probability plot (see figure 6) is drawn to 
check normality of residuals. It is used to evaluate the 
normality of response data. Residuals are the 
difference between the observed values and predicted 
or fitted values. If points that approximately follow a 

straight line indicate that the residuals are normally 
distributed. The equation generating for surface 
roughness Ra in drilling is given below and 
comparative experimental and theoretical regression 
value graph show in figure 7: 

 
Surface Roughness (Ra) = 6.562774 + 0.01235 × Spindle speed - 123.932 × Feed - 0.09984 × Point angle + 
0.00165 × Spindle speed × Feed - 7.7E-05× Spindle speed × Point angle - 0.00181 × Feed × Point angle-5.3E-06 
× Spindle speed2 + 1153.458 × Feed2 + 0.000678 × Point angle2 
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Figure 7. Graph of Predicted Vs Actual values for surface roughness Ra in µm 
The machinability effect graphs are shown in figure 8 
and figure 9 below. The machinability effects on 
surface roughness resulted conclusion discussed 
below. 
Effect of cutting speed on surface roughness- As 
spindle speed is increased, surface roughness value 
decreases. These phenomena is occurred because at 
lower spindle speed, friction between the work piece 
and the cutting tool is high due to continuous chips 
are formed which accumulated in the work piece and 
tool interface. This friction exists in the tool-chipand 
tool-workpiece interface led to interruption during 
cutting operations led to a poor surface quality. As 
increase in speed, there is a considerable decrease in 
the coefficient of the friction between the work piece 
and tool interface resulted in better surface quality 
[8]. 
Effect of feed on surface roughness- At constant 
depth of cut surface roughness values is increased 
with increase in feed. It means that poor surface 
quality is produced due to increased in feed. It is 
expected because at increased in feed, it develops 

feed marks and chip interact with workpiece causing 
more friction and rubbing causes poor surface finish 
[8]. 
Effect of point angle on surface roughness- Due to 
increase of point angle radial force is decreased 
which results in decrease of pressure applied on the 
hole surface. Hence higher surface finish is produced 
as compared to the drills with lower point angles. 
Surface roughness is also affected by BUE formed on 
the cutting edge. With the decrease of point angle, the 
negative effects are observed on the form of the 
cutting tool because of the BUE. Therefore it 
influenced the stability of the cutting tool during the 
cutting process, and results in higher surface 
roughness [9]. 
The desirability approach is used to find optimal 
solution from the experimental design. RSM-CCD 
provided spindle speed 793 rpm, feed 0.051 mm/rev 
and 106.9 degree point angle which given 
theoretically 0.273 micron and 0.293micron 
experimental surface roughness. Figure 10 shows the 
desirability of optimal solution. 
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SEM photographs shown in figure 11 are taken to 
observe effect of optimal machinable parameters on 
surface texture. These photographs revealed that 
drilling operation develops feed marks on surface and 
some pull out obtained due to point edge angle and 
cutting edge of drill. 
 
CONCLUSION 
 
From experimental work and result analysis, 
following conclusions are drawn: 
 
 For obtaining higher surface finish, feed is the 

most significant factor followed by spindle speed 
and point angle has the moderate effect on 
surface finish. 

 In experimental design spindle speed of 793.46 
rpm, feed 0.0739 mm/rev and point angle 
110.730 given 0.298 µm lower surface roughness. 

 RSM design given optimum machinability 
parameters having spindle speed of (793 rpm), 
feed (0.051 mm/rev) and point angle (1100) and 
it given 0.293 µmand 0.270 µm experimental and 
theoretical surface roughness respectively. 

 The desirability approach provided optimal 
theroticalsurface finish is 0.270and experimental 
achived 0.293µm. 

 SEM analysis helps to understand surface texture 
of optimal solution. 
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