Auvailable online at http://scik.org
J. Math. Comput. Sci. 10 (2020), No. 6, 3065-3073
https://doi.org/10.28919/jmcs/5026

ISSN: 1927-5307

AN EMPIRICAL STUDY ON MODIFIED SECOND ORDER RESPONSE
SURFACE AND TAGUCHI DESIGNS FOR OPTIMIZING THE PROCESS
PARAMETERS
G. CHARANKUMAR'"", P. RAJU?, ABHISHEK DASORE?, B.V. APPA RAO!

'Department of Mathematics, Koneru Lakshmaiah Education Foundation, Deemed to be University, Green Fields,
Vaddeswaram, Guntur-522 502, India
2Chegg India Pvt Ltd, Sr. Subject Matter Expert-Visakhapatnam, India
3School of Mechanical Engineering, RGM College of Engineering and Technology, Nandyal-518501, India
Copyright © 2020 the author(s). This is an open access article distributed under the Creative Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract: In this paper, Following the works of Rajendar et al. (2004) and Prabhakar et al. (2014), we combine the
methods of modified second order response surface design and Taguchi design of experiments to determine optimum
level of process parameters. Here we mainly focused on the statistical analysis of these two methods and obtain the
optimum response with a smaller number of design points by using modified second order response surface design.
The results in our study showing that modified second order response surface designs required a smaller number of
design points to obtain the optimum value. The optimal process parameters of surface roughness are determined using
Modified response surface combinations and Taguchi approach along with response graphs.
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1. INTRODUCTION

Introduction. Taguchi has proposed a very powerful tool to carry out the experimental designs to
improve the quality of products. Recently these methods are playing a vital role in the field of
engineering and sciences. Generally, we are controlling the process either manual or automatic
process. Box and Benhen (1960) developed three level designs for various factors to study the
quantitative variables. Prabhakar et al. (2014) applied ANOVA and ANN Techniques to optimize
the machincing parameters of CNC. Buddi et al. (2018) derived optimum process parameters using
soya meal adhesive. Rajyalakshmi and Nageswara Rao (2019a) trace the optimum parameters of
weld dilution for ST-37 plates using Modified Taguchi approach. Rajyalakshmi and Nageswara
Rao (2019b) determined expected range using Modified Taguchi approach. Ganguly and Patel
(2019) developed X bar control chart for multi-objective economic-statistical design. Dutta and
Nageswara rao (2018) observed the performance of chevron criteria in the heat exchange
applications. Chakravarthi et al. (2018) identified the workability and control conditions of
microsturucture using processing maps. Tanuja et al. (2018) focused on the analysis of testing of
high strength steel rocket motor casings using experimental stress. Satyanarayana et al. (2018)
identified optimum process parameters of Laser beam welding using Taguchi CFD simulations.
Dharmendra et al. (2019) suggested a simple and reliable taguchi approach to identify the process
parameters.

An experimental work done by Prabhakar et al. (2014) help us in identifying the optimum process
parameters of the surface roughness. They have presented surface roughness and material removal
rates are as output responses. Considered ‘3’ input parameters, viz., Cutting speed, Feed rate, depth
of cut and specified ‘3’ levels to each parameter. For all possible combinations of ‘3 input
parameters with ‘3’ levels, the number of required test runs are 27. For all these runs experimental
data have presented in Table 3. To carry out the analysis of this paper, we considered only one
output response of their test data namely surface roughness. Several authors have suggested
various methods to find the optimum parameters and applied the concept of taguchi and response

surface designs to different applications (Ref. 2-18).
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The objective of this study is to compare the predicted responses of Taguchi approach,
modified second order response surface designs and response surface designs. From the tables (1)
and (2) we observed that the few runs of parameters at different levels obtained by modified second
order response surface designs with 16 runs exhibits low surface roughness when compared with

the values of Taguchi L27 orthogonal array and Response surface designs.

2. MATERIALS AND METHODS
The complete analysis and methodology of ANOVA and Artificial neural networks were employed
by Prabhakar et al (2014) to optimize CNC machining parameters. To carry out this study, we
consider the experimental data of Prabhakar et al. (2014) three input parameters, cutting speed (x1),
Feed rate (x2), depth of cut (x3) was taken as the input parameters and the output variable is surface
roughness (Ra). They suggested Taguchi L,7 Orthogonal array (OA) approach to predict the output
response of ‘3’ input parameters each at three levels. The % contribution of each parameter has
presented in Table (2). By considering L7 OA we find the means of each factor. Based on the
means we determine the predictions of Taguchi design for the given test data.

As per Taguchi design, the number of experiments (N) for the number of process
parameters (v) and the number of levels (r) assigned to each process parameter can be found from

N=1+v(r—1) (M
Response surface methodology is a collection of statistical techniques and analysis of problems in
which response are influence by several variables. A design for fitting response surface consists
of different suitable combinations at different levels of factors. The second order response
surface designs is given by
v v v
Y, =bo+Zbixui+2biixﬁi+2bi,-xu,-+eu (2)
i=1 i=1 i<j

If the second order response surface design satisfy the properties of simple symmetry, non-
singularity and equation (3) then we called the design is said to be modified second order response

surface design.



3068
G. CHARANKUMAR, P. RAJU, ABHISHEK DASORE, B.V. APPA RAO

N 2 N
(Z ) =N b, ©)
u=1

u=1

Here we consider the modified response surface design (Box and Behnken) for three factors each
at three levels in 16 points were recommended for the experiment related to finding the optimum
parameters. The details of the factors and their levels are given in Table (3) and Table (4). The
design points are represented with coded levels as -1,0 and 1. First, we identify the experimental

data of modified design points from the data of Prabhakar (2014).

3. RESULTS AND DISCUSSION
Prabhakar et al. (2014) presented an experimental study of L»7 data for three factors each at levels.
The experimental values are presented in the table (1). The % contribution of each factor has
presented in table (2). The table shows that X; contribution is high with 66%, X3 contribution is
low with 9% and X is 25% of the total. Table (3) representing the experimental data of ‘16’ runs
as per the modified second order response surface designs. We predict the equation using the
experimental data is as follows:
¥ = 0.9330 + 0.6001x,; + 0.3203x;, + 0.1749x5 + 0.4355x% + 0.1337x5 — 0.1095x3
+0.0773 x1X,+0.0195%x,x3+0.0043x,X3 4)
Taguchi point have been obtained by using Table (2) and represented the predicted values in the
last column of Table (3). Here we noted that the optimum parameters with coded levels are 0,-1
and -1. If we decoded into original values the optimum parameters with low surface roughness are
X12, X»1,and X3 respectively. As per ANOVA the optimum parameters are obtained at the levels
of cutting speed (1000), feed rate (10) and depth of cut (0.2).
Table-1: Input parameters and their levels (Prabhakar et al (2014))

Process parameters | Designation | Level-1 | Level-2 | Level-3
Cutting speed (rpm) X1 500 1000 1500
Feed rate (mm/Min) X2 10 40 70

Depth of cut (mm) Z X3 0.2 0.5 0.8
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Table 2: ANOVA Table
Meanl Mean2 Mean3 Grand mean | % contribution
X1 | 1.006111 | 0.916556 1.821 1.247888889 66
x2 | 0.990778 | 1.163667 | 1.589222 | 1.247888889 25
x3 | 1.073667 | 1.232556 | 1.437444 | 1.247888889 9
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Table: 3: Optimum process parameters as per Modified second order response surface design

Experimental data Predicted [1] Taguchi
Sno | X1 | X2 | X3 | Surface Roughness | Modified SORD | Predicted [2]
1 1 1 0 2.764 2.4999 2.146778
2 1 (-1]0 1.392 1.7047 1.548333
3 -1 01 0 1.458 1.1451 1.331889
4 |-1(-1]0 0.395 0.6591 0.733444
5 1 0 1 2.021 2.0535 1.926111
6 1 0| -1 1.746 1.6647 1.562333
7 1-110 1 0.733 0.8143 1.111222
8 | -1 | 0 | -1 0.536 0.5035 0.747444
9 0 1 1 1.225 1.4567 1.447222
10 | O 1| -1 0.753 1.0983 1.083444
11 0 ]-11]1 1.153 0.8075 0.848778
12 |0 |-1]-1 0.698 0.4663 0.485
13/101] 010 0.933 0.933 0.816778
1410|010 0.867 0.933 0.816778
1510|010 0.962 0.933 0.816778
16 | 0| 0| O 0.97 0.933 0.816778
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Table 4: Comparison of means and standard deviations with different approaches

Experimental data | Response surface | Taguchi | Modified second order response surface
Mean 1.2479 1.2479 1.2477 1.2395
Standard deviation 0.7201 0.6144 0.5105 0.6286
Minimum 0.395 0.542 0.485 0.3985
Maximum 3.642 3.222 2.3517 2.5891

4. CONCLUSION

From the above analysis we can obtain the optimum parameters with less number of design points

by using modified second order response surface designs. The results of test data, ANOVA table,

predicted values using Taguchi approach and modified second order response surface design have

been obtained and represented in Table 1, Table 2 and Table 3 respectively. The graphical

representation clearly shows that the experimental and predicted data of all suggested designs for

‘16’ runs (Figure 1) and ’27 runs (Figure 2)

15 20 25

surface roughness

05 10

Red- Test data,

Run

-Modified, Blue-Taguchi

Figure 1: Experimental and predicted values of ‘16’ runs under different approaches
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surface roughness

Run

Figure 2: Experimental and predicted values of ‘27’ runs under different approaches

CONFLICT OF INTERESTS

The authors declare that there is no conflict of interests.

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

G.E.P. Box, D.W. Behnken, Some New Three Level Designs for the Study of Quantitative Variables,
Technometrics. 2 (1960), 455-475.

S. Agarwal, P. Awasthi, T. Saatyaki, M. Kushwaha, V. Jaiswal, Design Analysis of Spaceframe Chassis for
FSAE Vehicle, Int. J. Eng. Res. Technol. 9 (2020), 559-561.

T. Buddi, S.K. Singh, B. Nageswara Rao, Optimum Process Parameters for Plywood Manufacturing using Soya
Meal Adhesive, Mater. Today. Proc. 5 (2018), 18739-18744.

D. B.V., S.P. Kodali, N.R. Boggarapu, Multi-objective optimization for optimum abrasive water jet machining
process parameters of Inconel718 adopting the Taguchi approach, Multidiscip. Model. Mater. Struct. 16 (2019),
306-321.

K. Chakravarthi, N. Koundinya, A. Sarkar, S. Narayana Murty, B. Nageswara Rao, Optimization of Hot
Workability and Control of Microstructure in 18Ni (M250 Grade) Maraging Steel Using Processing Maps, Mater.
Perform. Character. 7 (1) (2018), 547-561.

B.V. Dharmendra, S.P. Kodali, B. Nageswara Rao, A simple and reliable Taguchi approach for multi-objective
optimization to identify optimal process parameters in nano-powder-mixed electrical discharge machining of

INCONELS800 with copper electrode, Heliyon. 5 (2019), e02326.



3072
G. CHARANKUMAR, P. RAJU, ABHISHEK DASORE, B.V. APPA RAO

[7] O.Y. Dutta, B. Nageswara Rao, Investigations on the performance of chevron type plate heat exchangers, Heat
Mass Transfer. 54 (2018), 227-239.

[8] A. Ganguly, S.K. Patel. Fuzzy multi-objective economic-statistical design of X-bar control chart, Int. J. Product.
Qual. Manage. 27 (4) (2019), 435-463.

[9] S.K.Jalan, B. Nageswara Rao, S.V.S. Narayana Murty, S. Gopalakrishnan, Evaluation of Elastic Properties for
a Nanocomposite (Reinforced with SWCNT Agglomerates) Utilizing a Representative Volume Element, Trans.
Indian Inst. Met. 72 (2019), 951-967.

[10] G.C. Kumar, K. Rajyalakshmi, A Comparison of Central composite design and Modified Taguchi approach to
optimize the process parameters, J. Phys.: Conf. Ser. 1344 (2019), 0120009.

[11] U. Managamuri, M. Vijayalakshmi, V.S.R.K. Ganduri, S. Babu, S. Poda. Optimization of culture conditions by
response surface methodology and unstructured Kkinetic modeling for L-asparaginase production by
Pseudonocardia endophytica VUK-10, J. Appl. Pharm. Sci. 7 (2017), 42-50.

[12] N. Prabhakar, B. Sreenivasulu, U. Nagaraju. Application of ANOVA and ANN Technique for Optimize Of CNC
Machining Parameters. Int. J. Innov. Eng. Res. Technol. 1(1) (2014), 1-12.

[13] R. Parsad, R. Srivastava, P.K. Batra. Designs for Fitting Response Surfaces in Agricultural Experiments. IASRI,
New Delhi. LA.S.R.1./P.R.-04/2004. (2004). http://krishi.icar.gov.in/jspui/handle/123456789/4514.

[14] K. Rajyalakshmi, B. Re. Victorbabu. A note on second order rotatable designs under tri-diagonal correlated
structure of errors using balanced incomplete block designs, Int, J. Agric. Stat. Sci. 14(01 Supp) (2018), 1-4.

[15] K. Rajyalakshmi, B.Re. Victorbabu, Construction of second order slope rotatable designs under tri-diagonal
correlated structure of errors using symmetrical unequal block arrangements with two unequal block sizes, J.
Stat. Manage. Syst. 21 (2018), 201-215.

[16] K. Rajyalakshmi, B. Re. Victorbabu. Construction of Second Order Slope Rotatable Designs under Tri-Diagonal
Correlated Structure of Errors Using Balanced Incomplete Block Designs, Thail. Stat. 17(1) (2019), 104-117.

[17] K. Rajyalakshmi, B. Nageswara Rao, Modified Taguchi Approach to Trace the Optimum GMAW Process
Parameters on Weld Dilution for ST-37 Steel Plates, J. Test. Eval. 47 (2019), 3209-3223.

[18] K. Rajyalakshmi, N.R. Boggarapu, Expected range of the output response for the optimum input parameters

utilizing the modified Taguchi approach, Multidiscip. Model. Mater. Struct. 15 (2019), 508-522.



3073
MODIFIED SECOND ORDER RESPONSE SURFACE AND TAGUCHI DESIGNS

[19] G. Satyanarayana, K.L. Narayana, B. Nageswara Rao, Identification of Optimum Laser Beam Welding Process
Parameters for E110 Zirconium Alloy Butt Joint Based on Taguchi-CFD Simulations, Lasers Manuf. Mater.
Process. 5 (2018), 182-199.

[20] K.T. Alekhya, D.N. Chandra, G.S. Reddy, B.N. Rao. Experimental stress analysis on a hydro-burst pressure
tested high strength steel rocket motor casings, Int. J. Mech. Product. Eng. Res. Develop. Special Issue (2018),

243-254.



