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Abstract The idea of this study is to find the impact of FMS flexibilities because it
is one of the key factors of the performance analysis of manufacturing system. “Pref-
erence selection index” (PSI) as a decision-making technique is used to detect the
best flexibility from among flexibilities without deciding the weight of the attributes.
PSI is authenticated in this work by differentiating the outcome of this method with
the available results of different MADM approaches like AHP, TOPSIS, modified
TOPSIS, improved PROMETHEE and VIKOR. The result of PSI approach shows
that the topmost flexibility is production flexibility whenever related to the production
with the new part configuration in FMS. This investigation research has accomplished
that the PSI method is suitable for the selections of alternatives.
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1 Introduction

Manufacturing companies are focusing on flexible manufacturing system (FMS)
to improve the competitive advantage, inflexible customer demands, reduce direct
labor cost, save indirect labor cost and enhance productivity as increased in customer
service and on-time delivery. Stecke [1] defined that “FMS consists innumerable
programmable and computerized machine tools connected by an automatic material
handling system like robots and automatic guided vehicles (AGVs) and automatic
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storage and retrieval system (AS/RS) that can process simultaneously medium-sized
volumes of the different parts”. Rao [2] presented combined MADM methods like
TOPSIS and AHP for ranking of FMSs. Raj, Shankar [3] applied AHP methodology
for the ranking of manufacturing system. Jain and Raj [4] stated that “flexibility is one
of the critical dimensions of enhancing the competitiveness of organizations”. Jain
and Raj [5] analyzed that “flexibility in manufacturing has been identified as one of
the key factors to improve the performance of FMS”. Jain and Raj [6] also discussed
that flexibility is a significant factor of FMS productivity. Jain and Raj [4]Jused AHP,
TOPSIS and improved PROMETHEE MADM methods for FMS flexibilities by
different decision-making method and accomplished that “production flexibility is
the topmost flexibility in FMS”. VIKOR modified TOPSIS for the flexibility eval-
uations (Jain and Raj [7, 8]). Jain and Soni [9], Jain and Ajmera [10] discussed the
performance factor by fuzzy TISM, AHP, CMBA and ELECTRE methodology.

In this research, fifteen flexibilities and variables from literature are considered
as fifteen flexibilities (machine flexibility, routing flexibility, process flexibility,
product flexibility, volume flexibility, material handling flexibility, operation flex-
ibility, expansion flexibility, production flexibility, program flexibility, market flexi-
bility, response flexibility, product mix flexibility, size flexibility and range flexibility)
and fifteen variables (ability to manufacture a variety of products, capacity to handle
new products, flexibility in production, flexible fixturing, combination of operation,
automation, use of automated material handling devices, increase machine utiliza-
tion, use of the reconfigurable machine tool, manufacturing lead time and setup time
reduction, speed of response, reduced WIP inventories, reduction in material flow,
quality consciousness and reduction in scrap) which effect the flexibility of FMS
[4,7,8, 11-16].

The main concern of this research is to execute a novel approach as prefer-
ence selection index (PSI) for ranking of flexibility based on variables which effect
the flexibility of FMS. The PSI method suggests the effective alternative among
the different alternatives without considering any subjective or relative importance
between attributes [17]. In this paper, an overview of preference selection index
approach is under in Sect. 2. In Sect. 3, analysis of ranking of flexibilities by prefer-
ence selection index approach is discussed. Discussion and conclusion are discussed
in Sect. 4.

2 PSI Methodology

PSI methodology was proposed by Maniya and Bhatt [18] as a MADM method. In
this approach, relative importance between attributes is not necessary. Even, there
is no requirement of defining the weights of attributes to solve the problems. In the
previous studies, a number of MADM techniques are discussed as “graph theory and
matrix approach (GTMA)”, “analytic hierarchy process (AHP)”, “analytic network
process (ANP)”, “technique for order preferences by similarity to ideal solution

(TOPSIS)”, “modified TOPSIS”, “improved preference ranking organization method
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for enrichment evaluation method (PROMETHEE)”, “compromise ranking method
(VIKOR)”, etc. These techniques look bit complex when numbers of variables are
more in the problem [18]. While in the PSI method, calculations are very simple and
results are found with minimum time as compared to other methods, and no weights
of attributes are necessary for the calculations. According to Attri and Grover [19],
it may be applied to any number of attributes.

PSI methods are used in different field to found the best choice. The literature has
been reviewed from the perspective of this methodology.

Jain [20] analyzed the FMS performance factors by MOORA and PSI. Chauhan
and Singh [21] applied preference selection index (PSI) methodology to find the
optimal design parameters inside the duct. Singh and Patnaik [22] applied PSI for
the ranking of the friction materials. Attri and Dev [23] used for selection of cutting
fluids. Almomani and Aladeemy [24] determined the best setup technique based on
AHP, TOPSIS and PSI methods. Maniya and Bhatt [25] applied for electrical energy
equipment. Khorshidi and Hassani [26] did comparative analysis for selection of
materials. Maniya and Bhatt [27] applied for the layout design. Vahdani and Zandieh
[28] used for alternative fuel for buses. Maniya and Bhatt [17] solved for the FMS
selection. Sawant and Mohite [29] used for automated guided vehicle selection.
Joseph and Sridharan [30] applied PSI method in FMS for the ranking of scheduling
rules. Maniya and Bhatt [18] used for the materials.

The following are the steps involved in the overview of the PSI approach [18-20]:

Step 1: To define the objective

Firstly, find out all alternatives, i.e., flexibilities, and there selection variables
related to the application.

Step 2: To construct the decision matrix (D x )

After defining the objective, construct the decision matrix, i.e., the package of
all information related to each alternative and attributes. In the decision matrix,
where M is the “alternatives” which shows row and N is the “attributes” which
shows column, which is expressed as the A; alternative, i.e., A; (i =1, 2, 3, ...,
M) and for attribute B; j = 1, 2, 3, ...., N). If the data is not quantitative mean
qualitative, then convert it into qualitative with the help of fuzzy sets. The decision
matrix is shown by Eq. (1).

Attributes [ B] 32 B3 - = BN
Ay dyy dip diz — — din
As dy dyp dyz — — dox
Dyxn = A3 dy1 dyp dyz — — day (D
Ay Ldui du2 dus — — dwn |

Chen and Hwang [31] indicated “an approach to solve more than ten alternatives
and they proposed first converts linguistic terms into fuzzy numbers and then the
fuzzy numbers into crisp scores” [4].
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Step 3: To normalize the attribute data (N;;)

In this decision-making approach, attribute value should be dimensionless. In this
part, normalization takes place. The obtained values called as normalized values
in terms of binary form, i.e., 0 and 1. In PSI methodology, normalization is done
as given below

d;; . . . .
Nij = d‘.ni‘x; “(if ith attribute is beneficial)” 2)
dmin
N;j = é—; “(if jth attribute is non-beneficial)” 3)

Step 4: To determine the “mean value of normalized attribute” data (NVpean)
It is determined as per equation:

N
mean = N Z
(where Npean 1s the mean value of normalized attribute data) @)

Step 5: To reckon the “preference variation value” (£2)
It is reckoned as per equation:

[Nij - Nmean]2 &)

1

N
i=

Step 6: To evaluate the deviation in “preference value” (®;)
It is evaluated as per equation:

o, =[1-9] (6)

Step 7: To obtain the “overall preference value” (W)
It is obtained as per equation:
W= (7)
i = &N
Z j=1 q)j

There is one condition to check, i.e., the “overall preference value” should be one
and shown in Eq. 8.

N
Z = )
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Step 8: To quantify the “preference selection index” (PSI;)
Now, it is quantified as per equation:

N

PSI, = Z (dij X \I’]) (9)

j=1

Step 9: To rank the alternatives

Each alternative is ranked either “ascending or descending” order according to
PSI values. Highest PSI value alternative is ranked one, i.e., best alternative, and
rest is so on.

3 Ranking of Flexibility by PSI

In this part, PSI methodology is applied for the ranking of FMS flexibility as given
below.

Step 1: As per the objective, rank the flexibilities of FMS, fifteen flexibilities as
alternatives and fifteen attributes are taken to evaluate the flexibilities.

Step 2: The values of attribute are in qualitative. So, fuzzy sets are applied to
transform the linguistic data into crisp value, and it is shown as a decision matrix
in Table 1.

Step 3: The normalization of attribute data is done as per Eq. 2.

Step 4: The “normalized mean value of each attribute” is determined by Eq. 4. It
is depicted in Table 2.

Step 5: Each attributes’ preference variation value is reckoned by Eq. 5. It is
depicted in Table 3.

Step 6: The preference value deviation is evaluated by using Eq. 6. It is depicted
in Table 4.

Step 7: The overall preference value is calculated by using Eq. 7. It is depicted in
Table 5.

Step 8: By using Eq. 8, quantification of each alternative as the preference selection
index (PSI;) is depicted in Table 6.

Step 9: Now, alternatives are sorted as per preference selection index in descending
order and shown in Table 6. From Table 6, according to PSI values production
flexibility (9) is the top one rank.

4 Discussion and Conclusion

This PSI methodology is easy to understand in comparison with other methods. There
is no requirement of weights of attributes because it uses the concept of statistics.
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Secondly, no extra parameters are required in the calculation. The “computational
time” of the PSI method in comparison with other MADM methods is less.

The main aim of this work is to concentrate on the ordering of fifteen FMS
flexibility. In this study, ranking of flexibilities is found by a PSI approach, i.e.,
MADM method.

Jain and Raj [4] determined the ordering of flexibilities in flexible manufacturing
system formed by approaches as AHP methodology, TOPSIS approach and improved
PROMETHEE method are 9-4-1-12-13-3-14-5-8-2-15-6-11-7-10. As per ordering,
top ranking is the production flexibility, i.e., no. 9, and last is program flexibility,
i.e., no. 10, in flexible manufacturing system. By PSI method, got the ranking is
9-4-1-13-3-12-14-8-2-5-15-6-7-11-10. Ranking of flexibilities by different MADM
is shown in Fig. 1.

To check the inconsistency with other MADM method correlation is found out
by Spearman’s rank among the PSI approach and the other methods. The correlation
coefficient of Spearman’s rank among the PSI approach and the other is shown in
Fig. 2.

Finally concluded that PSI methodology can be used productively by the
researcher or industrial persons for finding in different areas such as “material selec-
tion, product and process design, plant facility location, plant facility layout and
material handling system selection”.

RANKING OF FMS FLEXIBILITIES
l6 ®SAW =WPM =AHP =TOPSIS ®MODIFIED TOPSIS # Improved PROMTEE ®VIKOR ®PSI
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Fig. 1 Ranking of flexibilities
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Spearman’s rank correlation coefficients between different
MADM methods for ranking of flexibility in FMS

VIKOR

TOPSIS

SAW

0.900 0.920 0.940 0.960 0.980 1.000 1.020
Spearman's rank correlation coefficient

MADM Methods

Fig. 2 Spearman’s rank correlation coefficients between different MADM methods for ranking of
flexibility in FMS
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