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Abstract— To optimize the drilling parameters like feed rate, 

spindle speed and load, Response surface methodology 

(RSM) is used. Temperature at drill tool bit is measured after 

the drilling process for different feed rate, spindle speed and 

load. The experiments were carried out on VMC machine. 

Mathematical modeling is established between input 

parameters and output parameters using Response Surface 

Methodology. 

Key words: Drilling Parameters, Surface Methodology 

I. INTRODUCTION 

Response surface modelling is used to establish the 

mathematical relationship between the responses, yu and the 

various machining parameters, with the eventual objective of 

determining the optimum operating conditions for the system. 

A general Second-order polynomial response surface 

mathematical model is used to analyze the parametric 

influences on the various response criteria as follows.
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Here, yu is the corresponding response for 

Temperature and Material Removal Rate (MRR). xiu is the 

coded value of the ith machining parameter of the uth 

experiment, n is the number of machining parameters and βi, 

βii, βij are the second-order regression coefficients, the 

residual eu is a measure of experimental error of the uth 

observation. 

II. EXPERIMENTAL RESULTS 

Workpiece material was AISI 304 Austenitic stainless steel 

plate with dimensions 300×200×20 mm. Experiments were 

carried out by varying feed rates (0.05 to 0.09 mm/rev) at 

constant spindle speed (1500 rpm) and varying spindle speeds 

(1200 to 1500 rpm) at constant feed rate (0.05 mm/rev) for 

HSS, Cobalt coated HSS and K20 Solid carbide drill tool 

material respectively. 

Exp. 

No. 

Drill Tool 

Material 

Feed Rate 

(mm/rev) 

Spindle 

Speed 

(rpm) 

Load 

(N) 

1 HSS 0.05 1200 1176 

2 HSS 0.05 1300 1098 

3 HSS 0.05 1400 940 

4 HSS 0.05 1500 860 

5 HSS 0.06 1500 940 

6 Cobalt 0.05 1200 1098 

7 Cobalt 0.05 1300 1020 

8 Cobalt 0.05 1400 1000 

9 Cobalt 0.05 1500 810 

10 Cobalt 0.06 1500 860 

11 Cobalt 0.07 1500 1176 

12 Carbide 0.05 1200 1040 

13 Carbide 0.05 1300 860 

14 Carbide 0.05 1400 700 

15 Carbide 0.05 1500 630 

16 Carbide 0.06 1500 850 

17 Carbide 0.07 1500 1020 

18 Carbide 0.08 1200 1255 

19 Carbide 0.09 1300 1333 

Table 1: Process Parameters with Experiment 

III. RESPONSE SURFACE METHODOLOGY 

For k=3 (feed rate, spindle speed and load), second order 

polynomial is given as below, 

yu=β0+ β1x1+ β2x2+ β3x3+ β11x2
1+ β22 x2

2+ β33 x2
3+ β21x1x2+ 

β32 x2 x3+ β31x1x3 

Coded variables are calculated using the following formulae: 

xij =
{ Xij −  [

(maxXij+min Xij)

2
]}

[
(maxXij−min Xij)

2
]

 

Here, Xij is the ith natural variable for the jth experimental run. 

No A B C F 

(mm/rev) 

S 

(rpm) 

L 

(N) 

1 -1 -1 0.46 0.05 1200 1176 

2 -1 -0.3 0.25 0.05 1300 1098 

3 -1. 0.3 -0.16 0.05 1400 940 

4 -1 1 -0.38 0.05 1500 860 

5 -0.5 1 -0.16 0.06 1500 940 

6 -1 -1 0.25 0.05 1200 1098 

7 -1 -0.3 0.04 0.05 1300 1020 

8 -1 0.3 -0.06 0.05 1400 1000 

9 -1 1 -0.51 0.05 1500 810 

10 -0.5 1 -0.38 0.06 1500 860 

11 0 1 0.46 0.07 1500 1176 

12 -1 -1 0.10 0.05 1200 1040 

13 -1 -0.3 -0.38 0.05 1300 860 

14 -1 0.3 -0.81 0.05 1400 700 

15 -1 1 -1 0.05 1500 630 

16 -0.5 1 -0.4 0.06 1500 850 

17 0 1 0.04 0.07 1500 1020 

18 0.5 1 0.67 0.08 1200 1255 

19 1 1 1 0.09 1300 1333 

Table 2: Coaded Values and Measured Response 

MINITAB 16 software has been used to establish 

mathematical models and for parametric optimization to 

achieve maximum Material Removal Rate and Minimum 

Temperature. Using MINITAB 14 software the values of 

regression coefficients are found. Table 3 shows values of 

regression co-efficient and p-values of parameters on 

responses. 

Term 
Coefficient values p-values 

Temp. MRR Temp. MRR 
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Cons. 258.633 8079.81 0.000 0.000 

F -111.697 2704.50 0.486 0.000 

S 54.526 92.25 0.314 0.102 

L 179.534 -130.86 0.350 0.486 

F*F -111.548 -84.90 0.371 0.487 

S*S -24.171 42.64 0.524 0.267 

L*L -49.098 113.44 0.629 0.273 

F*S 6.213 -512.12 0.929 0.000 

F*L 164.572 -172.11 0.474 0.450 

S*L -52.999 128.78 0.626 0.247 

Table 3: Regression Coefficients and P-Values 

Two responses are modelled as below: 

Y Temperature   = 258.633 - 111.697 * F + 54.526 * S +179.534 

* L - 111.548 * F2 – 24.171 * S2 – 49.098 * L2 + 6.213 * F * 

S – 52.999 * S * L+ 164.572 * F * L. 

Y MRR = 8079.81 + 2704.50 * F + 92.25 * S – 130.86 * L – 

84.90 * F2 + 42.64 * S2 + 113.44 * L2 – 512.12 * F * S + 

128.78 * S * L - 172.11 * F * L. 
`Fig. 1 shows surface plot of temperature v/s feed 

rate, spindle speed. It can be concluded that at lower feed rate 

and lower spindle speed, temperature value is less. Fig. 2 

shows surface plot of temperature v/s load, feed rate. Fig.3 

shows surface plot of temperature v/s load, spindle speed. 

 
Fig. 1: Surface plot of T (°C) v/s S (rpm), F (mm/rev) 

 
Fig. 2: Surface plot of T (°C) v/s L (N), F (mm/rev) 

 
Fig. 3: Surface plot of T (°C) and L (N), S (rpm) 

Fig. 4 shows surface plot of MRR v/s Spindle speed, 

Feed rate. At maximum feed rate and maximum spindle 

speed, material removal rate is maximum but at these 

parameters temperature value is higher. It can be concluded 

that at feed rate 0.07 mm/rev and spindle speed 1500 rpm 

temperature is minimum and MRR is maximum. 

 
Fig. 4: Surface plot of MRR (mm3/min) v/s F (mm/rev), 

Speed 

Fig.5 Shows surface plot of MRR v/s load, feed rate 

and Fig. 6 Shows surface plot of MRR v/s load, spindle speed. 

 
Fig. 5: Surface plot of MRR (mm3/min) v/s L (N), F 

(mm/rev) 
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Fig. 6: Surface plot of MRR (mm3/min) v/s L (N), S (rpm) 

IV. CONCLUSION 

Response surface methodology is best suit to establish 

relation between input parameters and output parameters. 

Relation shows that feed rate has a greater influence on a twist 

drill bit temperature in dry drilling of AISI 304 austenitic 

stainless steel material. 
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