
Vol 10 Issues 1 & 2                             December 2016



FUTAJEET 10 (1)  (2016) (07-14)7

Correspondence:

E-mail address:pbmogaji@yahoo.com ; pbmogaji@futa.edu.ng

Determination of Optimum Parameters for Drilling Stainless Steel using 

Response Surface Methodology (RSM)

Mogaji P.B. and Raimi O.A.

A B S T R A C T

Key words:
Stainless Steel, 

Response Surface 

Methodology 

(RSM), 

Surface roughness, 

Process parameters

Vol 10 Issues 1 & 2                             December 2016Vol 10 Issues 1 & 2                             December 2016



Mogaji and Raimi / FUTAJEET 10 (1)  (2016) (07-14) 8



Mogaji and Raimi / FUTAJEET 10 (1)  (2016) (07-14)9

Table 1: Drilling Parameters and their Levels  
Factor

 
Process Parameter

 
Units

  
Minimum (+1) Maximum (-1)

X1
 

Cutting speed
 

(rpm)
 

Numeric
 

1400
 

1700
X2

 
Feed rate

 
(mm/rev)

 
Numeric

 
0.11

 
0.75

X3

 

Depth of cut

 

(mm)

 

Numeric

 

0.25

 

0.75
X4 Tool (mm) Numeric 6 10

 : Composition Ranges of 304 Grade Stainless Steel  
Grade

 
C

 
Mn

 
Si

 
P

 
S

 
Cr

 
Mo

 
Ni

 
N

 
304 
Min.

 

-
 

-
 

-
 

-
 
-

 
18.0

 
-

 
8.0

 
-

 
Max.

 
0.08

 
2.0

 
0.75

 
0.045

 
0.030

 
20

 
-

 
10.5 0.10

: Ficici et al.,

 

(2012)

 : Design Layout for the Machining Experiment
 

 
XI: Speed(rpm)

 
X2: Feed(mm/rev)

 
X3: Depth of cut(mm) X4:

1

 

1400

 

0.11

 

0.25

 

6

2

 

1400

 

0.18

 

0.5

 

8

3

 

1400

 

0.75

 

0.75

 

10

4

 

1500

 

0.11

 

0.5

 

6

5

 

1500

 

0.18

 

0.75

 

8

6

 

1500

 

0.75

 

0.25

 

10
7

 

1700

 

0.11

 

0.75

 

6

8 1700 0.18 0.25 8

9 1700 0.75 0.5 10

Figure 1: Vertical pillar drilling machine
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Table 4: Results Measurements 
Process Parameters

 
Surface roughness of 

stainless steel(μm)

 
    

Test 
No.

XI: 
Speed(rpm)

 

X2: 
Feed(mm/rev)

 

X3: Depth 
of 
cut(mm)

 

X4: 

 
(mm)

 

1st

 

2nd

 

3rd

 

Mean 
surface 
roughnes
s(μm)

  

Standard 
Error 
surface 
roughness

 

1 1400 0.11

 

0.25

 

6

 

4.33

 

9.18

 

7.98

 

7.16

 

1.46

 

2 1400 0.18

 

0.5

 

8

 

5.04

 

9.49

 

7.79

 

7.44

 

1.30

 

3 1400 0.75

 

0.75

 

10

 

6.06

 

8.34

 

6.32

 

6.91

 

0.72

 

4 1500 0.11

 

0.5

 

6

 

6.32

 

5.06

 

6.33

 

5.91

 

0.42

 

5 1500 0.18

 

0.75

 

8

 

6.07

 

3.73

 

6.64

 

5.48

 

0.89

 

6 1500 0.75 0.25 10 4.02 6.03 3.80 4.62 0.71
7 1700 0.11 0.75 6 6.37 5.40 9.34 7.04 1.19

8 1700 0.18 0.25 8 3.94 9.01 8.65 7.20 1.63

9 1700 0.75 0.5 10 5.51 8.63 7.77 7.30 0.93

Figure 2: Coupling ultrasonic thickness meter
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Figure 3: Normal Probability Plot of

 

Residuals for Surface Roughness
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Figure 4: Plot of Residuals vs. Fitted Value of Surface Roughness
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: ANOVA for Surface Roughness of Stainless Steel 
Factor  

 DOF Sum of 
Square (SS)

 
 Mean of Sum of 

Square (MSS)
 

F-Statistic Predicted 
(P-

value)
 

Remarks 

X1
 X2
 X3
 X4

 

1
 1
 1
 1

 

0.2534
 0.3628
 0.0338
 6.5057

 

6.7589
 0.3628
 0.0338
 6.5057

 

42.16
 2.26

 0.21
 40.58

 

0.003
 0.207
 0.670
 0.003

 

 
 
 

 Error

 

4

 

0.6413

 

0.6413

   
 

8

 

7.7970

    R2

 

= 91.77%; Adj. R2

 

= 83.55%              *P-

 
Factor

  

 

DOF

 

Sum of 
Square (SS)

 
 

Mean of Sum of 
Square (MSS)

 

F-Statistic

 

Predicted 
-

value)

 

Remarks

 
X1

 
X2

 

X3

 

X4

 

X2*X2

 

X3*X3

 

1

 
1

 

1

 

1

 

1

 

1

 

0.2534

 
0.3628

 

0.0338

 

6.5057

 

0.0042

 

0.4640

 

6.7589

 
0.0006

 

0.4906

 

6.5057

 

0.0042

 

0.4640

 

78.07

 
0.01

 

5.67

 

75.14

 

0.05

 

5.36

 

0.013

 
0.943

 

0.140

 

0.013

 

0.847

 

0.147

 

 
 
 

 
 
 

Error

 

2

 

0.1732

 

0.0866

   
 

8

 

7.7970

    

R2

 

= 97.78%; Adj. R2

 

= 91.12%              *P-

 

Factor

  

 

DOF

 

Sum of 
Square (SS)

 
 

Mean of Sum of 
Square (MSS)

 

F-Statistic

 

Predicted 
-

value)

 

Remarks

 X1

 

X2

 

X3

 

X4

 

X1*X2

 

X1*X3

 

X2*X3

 

X2*X4

 

1

 

1

 

1

 

1

 

1

 

1

 

1

 

1

 

0.2534

 

0.3628

 

0.0338

 

6.5057

 

0.2730

 

0.1900

 

0.0418

 

0.1365

 

0.0381

 

0.1610

 

0.0122

 

0.0379

 

0.1515

 

0.0042

 

0.0879

 

0.1365

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 

 
 

Not 

 
 
 
 
 
 

 

Error

 

0

 

**

 

**

   
 

8

 

7.7970

    

R2

 

= **; Adj. R2

 

= **             *P-

 

Factor

  

 

DOF

 

Sum of 
Square

 

(SS)

 
 

Mean of Sum of 
Square (MSS)

 

F-Statistic

 

Predicted 
-

value)

 

Remarks

 

X1

 

X2

 

X3

 

X4

 

X2*X2

 

X3*X3

 

X1*X2

 

X1*X3

1

 

1

 

1

 

1

 

1

 

1

 

1

 

1

0.2534

 

0.3628

 

0.0338

 

6.5057

 

0.0042

 

0.4640

 

0.0076

 

0.1655

5.4977

 

0.1193

 

0.3441

 

6.5057

 

0.0646

 

0.0623

 

0.0854

 

0.1655

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

**

 

**

 

**

 

**

 

**

 

**

 

**

 

**

 
 
 
 
 
 
 

Error 0 ** **
8 7.7970

R2 = **; Adj. R2 = **             *P-value <
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Figure 5 : Comparison bet ween measured and predicted value for surface roughness of SS304 

stainless steel
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Table 6: Constraints for Optimization of Drilling Parameters for Stainless Steel

Name
 

Goal
 

Lower limit
 

Upper limit
X1: Cutting Speed (rpm)

 
is in range

 
1400

 
1500

X2: Feed Rate (mm/rev)

 

is in range

 

0.11

 

0.75
X3: Depth of Cut (mm) is in range 0.25 0.75

is in range 6 8
Y: Surface Roughness (μm) minimize 4.62 7.44

S/No.  Cutting Speed 
(rpm)

 

Feed Rate 
(mm/rev)

 

Depth of 
Cut (mm)

 

Tool (mm)

 
Surface 
Roughness 
(μm)

Desirability Remarks

1 1500 0.35 0.50 6 6.56 0.6312 Selected

Table 7: Optimization Results for Surface Roughness
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