Ergonomics International Journal

MEDWIN PUBLISHERS ISSN: 2577-2953

Committed to Create Value for researchers

A Novel Two-Stage Intutitonistic Fuzzy Approach Proposal Based
On Anp and Mathematical Modelling for Risk Assessment

Yelda AYRIM and Giilin Feryal CAN*

Department of Industrial Engineering, Baskent University, Turkey

Review Article
Volume 4 Issue 1
Received Date: December 10, 2019
*Corresponding author: Giilin Feryal CAN, Department of Industrial Engineering, Baskent

University, Turkey, Tel: 06810 +903122466666; Email: gfcan@baskent.edu.tr

Published Date: January 20, 2020
DOI: 10.23880/e0ij-16000224

Abstract

Risk assessment (RA) is an activity performed to determine the hazards that may exist in the work areas. RA deals with
complex expressions including hesitancy as it contains linguistic data. This study proposes a novel two-stage intuitionistic
fuzzy RA based on Intuitionistic Fuzzy Analytic Network Process (IF-ANP) and intuitionistic mathematical modeling. In the
first stage, by considering the effects between each risk factor (RF) and relations between FMs, importance weights of RFs are
computed and the rankings of FMs are obtained with IF-ANP. In the second stage, an intuitionistic mathematical model has
been established reflecting the real constraints of the company as cost, safety level and the rankings’ weights of FMs obtained
from IF-ANP to determine the FMs that must be prevent firstly. Goals of the mathematical model are minimizing the cost and

the risk level of the assembly area. Environmental, administrative, cost and risk structure related factors are considered as

main RFs to rank nine FMs.

Keywords: FMEA; ANP; Intuitionistic Fuzzy Numbers; Intuitionistic Fuzzy Modelling
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Introduction

Risk assessment (RA) is an indispensable part of the
occupational health and safety management system. There
are many different RA approaches in the literature as Failure
Modes and Effects Analysis (FMEA), Fine Kinney, Event Tree
Analysis (ETA), Fault Three Analysis (FTA), L Matrix, X Matrix
etc.. Among these approaches, FMEA is one of the most
common used one for RA. Although FMEA is a prominent
and powerful approach that determines potential failure
modes (FMs), this method has many deficiencies that need
to overcome. First of all, FMEA is utilized by a team including
members who may come from different departments and
may have different levels of knowledge’s, experiences.
Because of this, their evaluations have subjectivity. This
subjectivity cannot be aggregated accurately to obtain a
collective solution. Some members of team may not have
enough expertise to precisely evaluate FMs. Therefore,
their evaluations usually have some vagueness, affirmation,
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negation, and hesitation. FMs are evaluated due to risk
factors (RFs) considered in FMEA before they emerge. This
evaluation is an estimation related to the future so; it is
a hard work to assign direct and correct scores to RFs by
a crisp manner. Three RFs in FMEA are accepted that they
have same importance for all FMs. However these three RFs
have relatively different importance for each FM in real-life
RA situations. These different importance values cannot be
considered and computed with traditional FMEA. Therefore
in this study, Analytic Network Process (ANP) is used to
determine the rankings of FMs to reflect the interrelations
between RFs. Additionally, intuitionistic fuzzy mathematical
model is established to consider the real constraints of the
firm identifying the FMs that must be avoided primarily.

When the literature is reviewed in term of FMEA, it was

seen that there too many studies which apply this technique.
For this reason, a brief review was made in the study.
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Chang, etal. [1] aggregated fuzzy logic with grey theory to
advance FMEA. Chang, etal. (2001) implemented Grey theory
in FMEA. Braglia [2] integrated Analytic Hierarchy Process
(AHP) with FMEA. Shahin (2004) suggested FMEA and Kano
Model integration to identify RPN by classifying severity
with respect to perceptions of customers. Garcia and Schirru
[3] applied Data Envelopment Analysis (DEA) to optimize the
weights of RFs to measure the maximum risks of each FM.
Tay and Lim (2006) proposed a generic method to simplify
the fuzzy logic-based FMEA methodology by reducing the
number of rules needed to compute Fuzzy Risk Priority
Number (FRPN). Yang, et al. [4] recommended a fuzzy rule-
based Bayesian reasoning approach to prioritize failures.
Chin, et al. [5,6] utilized DEA for computing the geometric
means of weights giving the maximum and the minimum
RPN for each FM. Liu, et al. [7] applied the fuzzy evidential
reasoning along with the grey theory for prioritizing the FMs.
Zammori and Gabbrielli [8] combined FMEA with Analytic
Network Process (ANP). Mizrak Ozfirat [9] integrated fuzzy
prioritization approach with FMEA to obtain objective
evaluation results. Liu, et al. (2015) implemented grey
relational projection and D numbers to represent the
uncertain information for ranking the FMs as a group-
decision FMEA approach. Bozdag, et al. [10] used interval
type-2 fuzzy sets for FMEA. Liu, et al. [11] advanced FMEA
with hesitant 2-tuple linguistic term sets and an extended
QUALIFLEX integration to propose a new risk prioritization.
Jiang, et al. (2016) combined Dempster-Shafer evidence
theory and FMEA to reassign the basic believe assignment
taking into consideration a reliability coefficient based
on evidence distance. Zhao, et al. [12] developed a novel
approach for FMEA based on interval-valued intuitionistic
fuzzy sets (IVIFSs) and MULTIMOORA method to obtain a
more accurate ranking of FMs. They utilized, interval-valued
intuitionistic fuzzy (IVIF) continuous weighted entropy
for RFs’ weightings and the IVIF-MULTIMOORA method
to compute the risk priority of FMs. Huang, et al. [13]
suggested linguistic distribution assessments to represent
risk evaluations of FMEA team members and employed an
improved TODIM (an acronym in Portuguese of interactive
and multi criteria decision making) method to determine the
risk priority of FMs by considering both subjective weights
and objective weights of RFs. Li, et al. [14] proposed a new
evidential FMEA using linguistic terms. They used linguistic
terms to structure assessment distributions of experts. Certa,
etal. (2017) recommended ELECTRE TRI-based approach to
classify FMs in terms of predefined and ordered risk classes.
Kolios, et al. [15] performed fuzzy TOPSIS to analyze and to
determine the most critical FMs via developing a distinct ten-
parameter criticality model to evaluate the risks associated
with subsea control module failures in offshore oil and gas
industry. Rezaee, et al. [16] integrated FMEA and DEA to
determine failures in the stone industry using. The imposed
costs related to any failure in the system were considered to
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order failures instead of the use of RPN. Delice and Can [17]
carried out a new RA approach integrating FMEA and MABAC
based on a stochastic evaluation process to rank FMs in an
assembly line. Lo and Liou [18] advanced a novel model using
Multi-criteria Decision Making (MCDM) in combination with
grey theory for FMEA. The approach has several advantages,
such as being able to add the expected cost into the original
RPN to reflect the actual resource limitations, considering
the different weights of severity, occurrence, detectability,
and cost based on the best-worst method in RPN calculation,
and using the grey interval linguistic variables to manage
information’s uncertainty. Tooranloo, et al. [19] prioritized
failures for evaluating FMs in knowledge management in
Khuzestan Oil and Gas Company. The existing uncertainties
in quantitative evaluations conducted by individuals, a
group decision-making approach in an intuitionistic fuzzy
environment was proposed in this study using the FMEA
technique in addition to TOPSIS to assess various FMs more
precisely.

As seen from the literature, FMEA approach was
aggregated with different MCDM methodologies and its
procedure was integrated with fuzzy sets, intuitionistic
fuzzy sets, hesitant fuzzy sets. To the best of our knowledge,
FMEA has not been combined with intuitionistic fuzzy goal
programming (GP) to reflect the real constraints of the firms
in the process of prioritizing FMs. Additionally, interactions
between FMs has not been modeled in FMEA studies with
ANP. However, in real life RA cases, a FM can cause to emerge
another FM or FMs. So, this study provides a new view point
for RA based on FMEA and it can help experts to decide
the most important FMs to prevent primarily in a detailed
manner.

The rest of the study is organized as follows. In the
second section, Intuitionistic Fuzzy Programming (IFP) and
the proposed approach are explained. In the third section,
application of the proposed approach is given. In the fourth
section, conclusions and future directions are shared.

Method
Intuitionistic Fuzzy Programming

IFP was first introduced by Angelov [20]. The model aims
to maximize the difference between the smallest membership
degree for objective, intuitionistic fuzzy constraints and the
biggest non-membership degree for objective, intuitionistic
fuzzy constraints.

Max(a—-p) (1)

subject to
a<u,(x).a=1...p+q (2)
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vall(x),LI:l,...,p‘Fq (3)

azp (4)
a+p<l1

p=0 (5)

where;

a is the smallest membership degree of objective and
constraints.

B is the biggest non-membership degree of objective and
constraints.

The Proposed Approach

The proposed approach has two stages as ranking FMs
via using ANP and utilizing intuitionistic fuzzy mathematical
model to determine the mostimportant FM/FMs considering
real constraints of the firm. The steps of the proposed
approach are given below.

First Stage:
alternatives
» Step 1: Construct the model and structure the
problem, form expert group

Defined criteria and alternatives are expressed as a cluster
and a relationship diagram is generated between them.
This structure is built on a detailed analysis of the system.
The problem should be stated clearly and decomposed
into a rational system similar to a network. This structure
can be obtained by experts through brainstorming or other
appropriate methods.

Determining importance weights of

The clusters are denoted as C,;={C.C,.....C,}.(j=L....n)and

indicated as
FMs are also

the criteria

€, ={CsCroes €y (T = L) (=11, )

are

represented as FM, ={FM,,FM,,...FM | ,(s=1....p) and r experts

Ek=1...r form the expert team. Figure 1 shows the
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Figure 1: Network Structure.
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> Step 2: Assign the weight of each expert
The weight of each expert is indicated as
WE, = (v, );(k =1,...,v).WE, isassigned considering

working experience of each expert by using Table 1. Then,
WE, is transformed into crisp values as g_providing g, >0

and Zl:ﬂk —1 by using Eq.(6).
k=1

Hi
(ﬂk+”k[#k+vk] (6)

Bi=— P
ZA:](ﬂk+ﬂk(y o ])

k k

Linguistic variable WE, (1, V,, 1)
(0.90, 0.05, 0.05)
(0.70,0.20, 0.05)
(0.50,0.40,0.10)
(0.25,0.60,0.15)
(0.10,0.80,0.10)

Table 1: Intuitionistic Fuzzy Scale for WE, values [21].

Very experienced

Experienced

Moderately experienced

Inexperienced

Very inexperienced

> Step 3: Structure the pairwise comparison matrices
of criteria in terms of risk levels that they can create
Pairwise comparison matrices of criteria in terms of risk

network structure. L

levels are formed for each expert by using intuitionistic fuzzy
risk level scale given in Table 2.

Definition Risk scale IFN Reciprocal IFN

It creates equal risk 1 (0.02,0.18, 0.80) (0.02, 0.18, 0.80)

Intermediate value 2 (0.06, 0.23,0.70) (0.06, 0.23,0.70)

It creates a little more risk 3 (0.13,0.27, 0.60) (0.13,0.27, 0.60)

Intermediate value 4 (0.22,0.28,0.50) (0.22,0.28,0.50)
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It creates more risk 5 (0.33,0.27,0.40) (0.33,0.27,0.40)
Intermediate value 6 (0.47,0.23, 0.30) (0.47,0.23, 0.30)
It creates too much risk 7 (0.62,0.18,0.20) (0.62,0.18,0.20)
Intermediate value 8 (0.80,0.10, 0.10) (0.80,0.10,0.10)
It creates risks at an extreme level 9 (1.00, 0.00, 0.00) (1.00, 0.00, 0.00)
Table 2: Intuitionistic Fuzzy Risk Level Scale [22].
The intuitionistic fuzzy evaluation matrix for each cluster is where,
as follows. Pairwise comparison matrix of each expert for i refers to the number of criteria in relation.
cluster is demonstrated as [7] is given in Eq.(7). » Step 4: Compute the consistency index of pairwise
comparison matrix of each expert
~ _ Consistency indexes (CIs) of [W" } are computed as in Eq.(8)
e L W [23].
I 2 e Wy, (A =1,) 7 (1, 1)
CR=~"Tre » (8)
%k @2{1 @52 Q’Z where; R’
[ ii } = . . . ! (A —1,) () is the average value of I1(x) in pairwise comparison
: : : : matrix of each expert. A__ is the biggest eigen value obtained
Q}k Q}k g}k via dividing weight vector by related relative importance
L0t T2 b value. RI defines the randomness index (RI) and it can take
different values according to 1. Table 3 shows the RI for
(7 different1 values [22].
1|12 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl | 0| 0] 058 | 09 | 112 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59

Table 3: RI values [23].

» Step 5: Form the aggregated pairwise comparison
matrices

[#'] matrices are aggregated with intuitionistic fuzzy

weighted geometric average operator (IFWG) as in Eq.(9).

k k

k
IFWG, =(py.prw--B;) = Ip/* = ([T 1-TT00-v)"
Jj=1

j=l1 j=1

(9)
In this way, aggregated pairwise comparison matrix of [Wk J

is obtained as in Eq.(10). The element of l_pf/k is denoted as
~ .(10
Wi, = (/u/nl,, Vit 7, ) (10)

» Step 6: Form the super matrix and determine limit

super matrix

Let the clusters of a decision system be CL, i= 1,2,..., n
and each cluster i has I. elements. The local priority vectors
obtained in Step 5 are grouped and located in an appropriate
positions in a super matrix based on the flow of influence
from a cluster to another cluster, or from a cluster to itself
as in the loop. Each pairwise comparison matrix is denoted
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as | |. | §|defined as super matrices consists of matrices
[W} as in Eq.(11).

Wll 12 Wln (11)
8] " o M
Van VVnZ VVnn

» Step 7: Synthesize the results

Raising a matrix to powers gives the long-term relative
influences of the elements on each other. To achieve a
convergence on the importance weights, the weighted super
matrix is raised to the power of 2k-1, where k is an arbitrarily
large number, and this new matrix is called the limit super
matrix.

The limit super matrix has the same form as the weighted
super matrix, but all the columns of the limit super matrix
are the same. By normalizing each block of this super matrix,
the final priorities of all the elements in the matrix can be
obtained. If the super matrix formed in Step 6 covers the
whole network, the priority weights of alternatives can be
found in the column of alternatives in the normalized super
matrix. On the other hand, if a super matrix is only composed
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of interrelated clusters, additional calculations must be
made to obtain the overall priorities of the alternatives. The
alternative with the highest overall priority should be the
one selected.

Second Stage: Determine the FMs having the top priority
considering real constraints

In this study, the new model is advanced by adding crisp
constraints into model. In this way, crisp and intuitionistic
fuzzy constraints can be considered at the same time.
Additionally, deviation from the goal of crisp constraints
can be minimized. The developed model is given in between
Eq.(12) and (19).

Max(a—p—dx; +d;p) (12)

subject to
CCx—d, +d, =1 (13)

a<u,(x),a=L...d+h (14)
p2v,(x),a=1...d+h (15)
a2 p (16)
a+p<1(17)
p=0 (18)

x>0 (19)In this context, different intuitionistic fuzzy goal
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programming (GP) models have been set up to prioritize FMs
for the reason that real constraints are not known clearly and
managers, experts have doubts about the information that
they give. Since the cost and safety level constraints are the
intuitionistic fuzzy values, these are defuzzified using Eq.
(20) in the modeling.

For defuzzification of triangular IFN
R([j) = ((,11’(,12’a3 )(all,az’a;) Eq (20) is used [24]

1 (a; 7a]')(a2 -2a; 72alv)+(a3 7al)(al +a, +a3)+3(a3'2 7al'2)

R(@)=%

3 a, —a, +a,—aq,

(20)

Where
R(a)1s the defuzzfy version of .

Application of the Proposed Approach

First Stage: Determining importance weights of
alternatives
» Step 1: Construct the model and structure the
problem, form expert group
The proposed approach was utilized for RA in an
assembly line of a firm in electromechanical sector
producing air insulated metal shielded cells. 9 FMs

FM {FMI,FMZ,...,FMQ}, (Sl,...,9) depicted in Table 4 are
identified by 4 experts E; k=1,2,3,4 in the assembly line.

Nu FMs (FM)) Definition
1 FM, Working in a narrow field
2 FM, Irregular placement around the line
3 FM, Manual handling heavy loads
4 FM, The lack of appropriate job descriptions
5 FM, Using worn hand tools
6 M, Noisy assembly area
7 FM, Inadequate lighting in the assembly area
8 FM, Vibration exposure
9 FM, Undefined material transfer paths

Table 4: FMs in assembly line.

FirstexpertE1hasan A classworksafety expertcertificate
and he has 10 years working experiences in the firm. Second
expert (E,) works as an electric electronic engineer and he
has 15 years experiences in electro mechanic sector. He is
responsible for the assembly line. Third expert (E,) has B
class work safety expert certificate and he has working in the
firm for 5 years. Fourth expert (E.) has working for 10 years
in the firm as a production manager who responsible for air

Yelda AYRIM and Giilin Feryal CAN. A Novel Two-Stage Intutitonistic Fuzzy Approach Proposal Based

insulated metal shielded cells manufacturing.

5 criteria and alternative clusters C}.={C1,C2,C3,C 4'C5} are
identified as environmental factors (C,), administrative
factors (C)), risk structure related factors (C,), cost (C,) and
failure modes (FMs) respectively. Environmental factors (C,)
includes five sub-criteria G, :{Cl,’cl,""’cl;};[j:l) (t=1,..,5)
as awkward working postures G, noise level o cleanliness
and arrangement of workplace . lighting C,) usability

Copyright© Yelda AYRIM and Giilin Feryal CAN.
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of hand tools C, . Administrative factors (C,) covers four
sub-criteria  C, = {C,,C, .G, .G, }:0=2) (t=1,..,4) as
application of work health and sa%ety procedure C, ,planned
maintenance and repair C2 , using machine protelctors sz
, using personal protectors t'z . Risk structure related factor
(C,) comprises four criteria 63, =1{G;.C; .G, G, }5(=2)
(t=1,...,4) as probability C o severity C32, detection C3;’

Ergonomics International Journal

impact of FM on system reliability C34 . Cost (C,) contains
two criteria C, = {C41,C42} ;(j=4) (t=1,2) as cost of FM
C,, and prevention cost C, .

Figure 2 shows the model construction and problem
structuring.

s

Lighting (Cy,),
Usability of hand tools (Cy,).

A

E

Risk structure related factor(C;)
Probability (C3,),

Severity (C3,),

Detection (C3,), J
Impact of FM on system reliability
(C3,).

n 5

NS

N

-

B C

Administrative factors (C,)
Environmental Factors(C,), C Aﬁﬂ;cdaél:;n(gf “;ork health and safety
Awkward working postures (Cy,), I:)F’Ianned mair?tlé;lance and repair (C5_)
Noise level (C,,), - . . P 22/
Cleanliness and arrangement of Us!ng machine protsctors (C3,),
workplace (Cy,), D Using personal protectors (C;,).

| e

Cost (C,)
cost of FM (Cy)),
F prevention cost (C,,).

|/LU|—|

K

Alternatives (A)

Working in a narrow field (FM;)

Irregular placement around the line (FM,)
Manual handling heavy loads (FM3)

The lack of appropriate job descriptions (FM,)
Using worn hand tools (FMs)

Noisy assembly area (FM;)

Inadequate lighting in the assembly area (FM;)
Vibration exposure (FMg)

Undefined material transfer paths (FMy)

Figure 2: Model construction and problem structuring.

Relationship of criteria and alternatives defined as Table 5.

Goal EF AF RSF C ALT
Goal 0 0 0 0 0 0
EF 0 0 C A 0 0
AF 0 0 0 D 0 0
RSF 0 0 E B 0 0
C 0 F G I H 0
ALT 0 ] K L M N

Table 5: The general relationship matrix notation for super matrix.

Where each letter represents the relationship matrix.
For example, the cost factor affects the environmental factor
and it is shown by matrix. matrix indicates the importance
level of cost factors according to environmental factors. The
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same interpretation can be made for the others.

> Step 2: Assign the weight of each expert
The weight of the four experts E,; (k=1,2,3,4)were assigned
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by using Table 1 and the crisp values of E, were computed
for all experts as 8,= 0.25, 3,=0.32, $,= 0.18 and ,= 0.25 as
in Eq.(6).

» Step 3: Structure the pairwise comparison matrices
of criteria in terms of risk levels that they can create

Ergonomics International Journal

[Wk]given in Eq.(7) is formed for each expert. Table 6
shows pairwise comparison matrix | ' |of E, for risk levels
that can be created by criteria according to impact of FM
on system reliability (C 41) as an example. It represents the
relation to . So that is L

C, C, C, C, C,
U v T w v T U v T o v T U v T
C, 0.02 | 0.18 | 0.80 | 0.10 | 0.80 | 0.10 | 0.28 | 0.22 0.50 0.27 | 0.33 | 0.40 | 0.28 | 0.22 | 0.50
‘ 080 | 0,10 | 0,20 | 0,02 | 0,18 | 0,80 | 0,80 | 0,10 0.10 0.80 | 0.10 | 0.10 | 0.47 | 0.23 | 0.30
1; 0.22 | 0.28 | 0.50 | 0.10 | 0.80 | 0.10 | 0.02 | 0.18 0.80 0.23 | 0.47 | 0.30 | 0.06 | 0.23 | 0.70
C, 0.33 | 0,27 | 0,40 | 0,10 | 0,80 | 0,10 | 0,47 | 0.23 0.30 0.02 | 0.18 | 0.80 | 0.33 | 0.27 | 0.40
C, 0.22 | 0.28 | 0.50 | 0.23 | 0.47 | 0.30 | 0.23 | 0.06 0.70 0.27 | 0.33 | 0.40 | 0.02 | 0.18 | 0.80

Table 6: Pairwise comparison matrix for E,.

» Step 4: Compute the consistency index of criteria’s
pairwise comparison matrix of each expert |
CIs were computed for Wka]] using Eq.(8). CI for W, is

computed as 0.08 as an example.

» Step 5: Form the aggregated pairwise comparison
matrices

[W, ]is formed using Eq.(9) and it is established for criteria

in Table 7.

C1 Cl2 Cl3 614 C15
3 v I %) v T %) )\ T %) v T 9 v 7T
C 0.02 | 0.18 | 0.80 | 0.17 | 033 | 050 | 0.26 | 0.20 | 0.54 | 0.25 | 0.22 | 0.54 | 0.20 | 0.37 | 0.43
C 0.59 | 0.16 | 0.25 | 0.02 | 0.18 | 0.80 | 1.00 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00 | 0.47 | 0.22 | 0.31
C, 0.22 | 0.25 | 054 | 0.12 | 0.74 | 0.14 | 0.02 | 0.18 | 0.80 | 0.23 | 0.32 | 045 | 0.22 | 0.33 | 0.46
C 0.26 | 0.25 | 049 | 0.17 | 055 | 0.28 | 0.33 | 0.21 | 046 | 0.02 | 0.18 | 0.80 | 0.41 | 0.26 | 0.33
C, 043 | 019 | 038 | 0.24 | 037 | 040 | 042 | 0.20 | 0.39 | 031 | 0.25 | 0.44 | 0.02 | 0.18 | 0.80

Table 7: Aggregated pairwise comparison matrix for criteria.

Second Stage: Determine the FMs having the top priority
considering real constraints

In this stage, the most important FMs that should be
prevented primarily are determined considering the priority
ranking weights for 9 FMs obtained from the first and
second stages and the real constraints of the firm as cost,
safety level. Cost constraint defines the limit for the budget
of the firm that can be used to prevent FMs. The firm where
the application of the proposed approach is performed
has a budget as nearly 30.000 TL. Safety level explains the
level of the assembly area safety that may be occurred after
preventing FMs in the assembly line. This level is estimated
by experts. Four experts in the related firm want nearly % 80
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safety levels after preventing FMs in the assembly area. The
priority ranking weights are complementary constraints and
the deviation from these weights is wanted to minimize.

In this context, different intuitionistic fuzzy GP models
have been set up to prioritize FMs for the reason that real
constraints are not known clearly and managers, experts have
doubts about the information that they give. Since the cost
and safety level constraints are the intuitionistic fuzzy values,
these are defuzzified using Eq. (20) in the modeling. The
targets of the mathematical model is identified as minimizing
the budget and minimizing the risk level or maximizing the
safety level. The objective function of the model consists of

Copyright© Yelda AYRIM and Giilin Feryal CAN.
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maximizing the membership degree. Decision variable is
a zero-one integer decision variable defining the FM that
should be prevented. These two intuitionistic fuzzy GP
models consisting crisp and intuitionistic fuzzy constraints
have objective functions including different units. To provide
additivity of these different units, it is suggested to realize
proportional normalization [25]. To perform proportional
normalization, deviation variables are divided to target values
of related constraint. With this new method developed, the
following results have been obtained as in Table 8 [26-28].

FMs Weight Rank
FM, 0.1185 4
FM, 0.1225 2
FM, 0.0940 9
FM, 0.1025 7
FM, 0.1046 6
FM, 0.0990 8
FM, 0.1144 5
FM, 0.1191 3
FM, 0.1260 1

Table 8: Rankings of FMs.

When looking at the solution produced by the model,
it is seen that x,, x, X, and x,should be prevented firstly as
FM,, FM,, FM, and FM,. In other words, manual handling
heavy loads (FM,), using worn hand tools (FM,), noisy
assembly (FM ) area and vibration exposure (FM,) should be
forestalled primarily.

Conclusion

The proposed approach provides more detailed analysis
opportunity than the classical FMEA approach. Interrelations
between RFs, clusters and FMs are considered to rank FMs
by implementing ANP. In addition, an intuitionistic fuzzy
mathematical model is integrated with ANP to provide
solutions considered real constraints of the firm and all
decision system'’s relations.

For the future research, different real constraints may be
consisted and different MCDM methods may be utilized for
RA. Other RA approaches can be combined with mathematical
modeling. The proposed approach can be implemented
in different firms or manufacturing area and the obtained
results can be compared for these different areas.
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