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Abstract Maintenance of tools is one of the areas of main-
tenance which has been less explored. While maintenance
of machinery has a number of research works to its cause,
the same cannot be said for tools. In this paper we have
identified the unique maintenance needs of the tools and the
challenges it present in case of joint production–maintenance
environment especially with regard to efficient allocation
of resources. Various methods of maintenance planning are
reviewed and their suitability is studied. Due to the resources
constraint, prioritization of tools for maintenance becomes
important. In this work, we have considered the environ-
ment of an auto component manufacturer, where there are a
number of tools which needs to be serviced on the basis of
time and counter. The approach proposed for prioritization
is AHP–Fuzzy–TOPSIS as it provides the best combination
of quantitative as well as qualitative parameters. Through the
use of this methodology we have presented a final ranking
which can be used by management for deciding on the opti-
mum allocation of resources.
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Introduction

Maintenance can be defined as the activity that restores the
performance, safety, reliability, and availability of structures,
components and systems to ensure superior performance of
their intended function [22]. Maintenance is a parallel activ-
ity that keeps the production up and is a health check of
machines so that a sudden failure is avoided. Though main-
tenance involves cost but it saves much more by avoiding
unwanted failures. Hence in a way it reduces costs of oper-
ation [9]. In UK Manufacturing Industry, maintenance costs
are 12–23 % of total operating costs [7]. Preventive mainte-
nance prevents the failure of production plans [19]. With
the advent of production philosophies like lean and JIT,
the role of maintenance has become more critical. In fact,
TPM philosophy sums up the importance of maintenance
in achieving the business goals. Resources are a constraint
hence it becomes important that their deployment is opti-
mised and this is what we have proposed in this paper.

Traditionally, production plan is considered as a precur-
sor to maintenance plan and maintenance has remained as
a support function to production. But with the advent of
TPM, TQM and TPS methodology, an integrated approach
to manufacturing has gained ground. In such an environment
activities are considered as concurrent rather than following
a sequence. The move is from chain to network and under-
standing the linkages among them and how they impact the
end result altogether. Maintenance in general has remained
a field which is largely stochastic and the approaches have
been more concerned about mapping it to more important
production function. Maintenance planning depends largely
on the availability of equipment and hence a rigid procedure
is neither possible nor followedconsidering the targets of pro-
duction. As the maintenance undertaken deviates from plan
the reliability decreases given by a number of distributions,
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most notably by Weibull. In general maintenance activi-
ties are classified as breakdown, preventive and predictive.
Though predictive maintenance provides a good measure of
when to undertake the maintenance, it involves higher cost
and is not applicable in all scenarios. For the environment
of tools like dies, surface plates, etc. it is difficult to mea-
sure their condition. Predictive maintenance is best suited
to equipment where online monitoring can be employed. It
is generally used for rotary equipments which are critical,
as the cost of conditional monitoring is high. Therefore the
preventive maintenance is incorporated in the present paper.

The paper consists of six sections. In “Auto Compo-
nents Manufacturing and Maintenance Environment” sec-
tion, overview of manufacturing environment for the auto
components is discussed. The section entails the unique
features that create hurdles in optimizing the available
resources. It also discusses the various conventional main-
tenance practices that are generally followed along with
some of the upcoming techniques such as artificial intelli-
gence. In “Methodology” section, the research methodology
is explained with regards to AHP–Fuzzy–TOPSIS. The pro-
posed model along with the algorithm and research data and
findings are listed in “Proposed Model” section. Conclusion
and future scope are discussed in “Conclusion and Future
Scope” section.

AutoComponentsManufacturing andMaintenance
Environment

In case of auto components manufacturing environment, the
production plan is dependent on the companies the firm is
supplying. Generally the forecast for the coming month is
provided at the end of current month. Hence the produc-
tion plan is not known very well in advance and it becomes
difficult to have a long term maintenance plan even if the
management is serious about it. Mostly the companies carry
extra tools so that in case of breakdown they can be replaced
easily while the maintenance is on the basis of availability.
In such an environment two things happen, (1) there is less
visibility about the reliability of the tool (2) the manpower
allocation is suboptimal. Consider a case where there is high
demand of a particular component, in such cases there is little
chance for tool to be available for maintenance and the relia-
bility will gradually decrease. So the predictability of failure
reduces and uncertainty increases. On the other hand, due to
such a schedule optimization of resource allocation becomes
difficult. During times of high production demand, the main-
tenance department is overstaffed, as they do not have tools
to work upon. If maintenance is announced for a short time,
which happens during peak demand periods, there is a chaos
everywhere and the departmentwith the same number of staff
may be understaffed. Also during periods of low demand the

departments are overstaffed. This fact is neglected in most of
the studies and resource levelling for maintenance activities
is a considerable cost centre specially in case of specialised
maintenance.

Taking further the importance of this paper is the fact that
most of the literature available has considered machines for
maintenance scheduling and optimization while little atten-
tion has been given to maintenance of tools. In this paper
our focus is on tools where the problem is magnified because
of sheer number and difficulty in predicting their useful life.
In the paper we have focussed specifically on prioritization
of tools for maintenance for auto components manufacturer
which supplies to a number of OEMs. The fact that it sup-
plies to a number of OEMs further increases the number of
tools required to produce the same part for different OEMs
with different specifications, making tools exclusive. Before
moving to the methodology, a quick insight into the field
of study might be helpful in understanding the underlying
complexities.

Auto componentmanufacturers generally supply to a large
number of OEMs similar kinds of parts but with customised
specifications. Hence though the machines on which the
operations are carried out are same but the tools required
that give final dimension to the product are different. For
example, roller heads used for visco-clutch are different for
different models though it is mounted on the same rolling
machine. Hence every time a new component is to be made
for different model, setup is required. Hence the number of
tools like these is large. Preparing preventive maintenance
plan for such an environment is complex with large num-
ber of variables to be considered. The scenario gets further
complicated as OEMs communicate component requirement
only a month before. In general the maintenance is planned
on the basis of:

• Time based In case of time based, maintenance activity
is carried out after a pre-specified time irrespective of
the production rate or condition of the tool. Though if
it is found that the tool is sufficiently “good as new”
the activity can be postponed but still the schedule is
there. Generally less critical tools are subjected to such
schedule.

• Counter based In case of counter based, maintenance
activity is carried out when the counter reaches a pre-
set value and hence it is dependent on the production
rate and cannot be specified when it will exactly happen.
This is for important tools and whose reliability is highly
correlated with the production rates.

• Timeplus counter based In such casewhichever, i.e., time
or counter first reaches the pre-set value, maintenance is
done at that point. This is employed for the most critical
of the tools where the uncertainty of failure is high and
high costs are associated with their failure.
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In case of time based preventivemaintenance, resource level-
ling can be smooth but in case of counter based it becomes a
crunchy affair. Maintenance involves cost and this cost needs
to be minimized. Preventive maintenance takes care of this
by reducing the breakdowns and thus avoiding costly repairs
and downtimes. The task now at hand is optimizing themain-
tenance schedule so as to minimize the cost of preventive
maintenance. Mostly the organizations have fixed number of
maintenance manpower. The question then is how to decide
manpower and how to maximise their productivity.

Time based maintenance schedule can help in realising
the number of maintenance hours required, so accordingly
the manpower can be determined by taking into consider-
ation any additional requirements. In case of time based,
subsequent maintenance can be planned keeping in mind
the number available thus not overshooting the available
manpower. Counter based method provides some difficulty
in this regard as it is dependent on production rate. Gen-
erally, the products are manufactured on flow lines, hence
if a product is manufactured it would go through all the
machines/tools in that flow line incrementing the counter by
one. Experience shows that such an arrangement reaches the
pre-specified values in clusters, i.e. a large number of tools
will be required to be serviced at same point in time and
at other times the number might be significantly low. This
presents trouble in resource allocation as during clustered
periods the demand for manpower rises while during other
periods it remains low. Hence optimum allocation of man-
power is difficult to achieve. This calls for generation of joint
production–maintenance planning to reduce interference in
production schedule for maintenance activities while avoid-
ing any breakdown.

Other than the traditional maintenance techniques, artifi-
cial intelligence (AI) is being adapted in this field. Gopalakr-
ishnan et al. [10] proposed a heuristic based on tabu search
for scheduling preventive maintenance.

Few of the techniques used are:

• Neural network
• Fuzzy logic
• Expert systems
• Model based systems

Chen et al. [3] proposed a web-enabled intelligent mainte-
nance optimization programme within limited maintenance
resources. Others have used genetic algorithms [17], evolu-
tionary algorithms [15] and neural nets [6] for samepurposes.
Few researchers have also proposed reliability centred main-
tenance (RCM) using FMEA and proposing actions on the
basis of RPN number [13].

Tsang [20] argues that experiencewith equipment, knowl-
edge based judgement and recommendation from vendor are
required to decide the content and frequency of maintenance.

The conversion of this data into quantitative values on the
basis of which some action can be taken is a tough task.
Here fuzzy is helpful in converting these linguistic variables
into a model that can be used to prioritize the importance of
the equipment for maintenance activities. This is particularly
useful in the study we have undertaken as obtaining reliable
and sufficient data is difficult for the parameters therefore
subjective evaluation is needed thus making a good case for
use of fuzzy in this scenario.

TOPSIS is used for the following reasons:

• TOPSIS logic is rational and understandable
• The computational processes are straightforward
• The concept permits the pursuit of best alternatives for
each criterion depicted in a simple mathematical form

• The importance weights are incorporated into the com-
parison procedures [21]

In this paper we present a framework for identifying the
importance of various tools and prioritizing them for con-
sideration in maintenance planning decisions. Prioritization
becomes important in case of counter based maintenance
when on a day the required maintenance tasks far exceed
the available resources. Hence prioritization is important
both from strategic planning as well as operational point of
view. The prioritization in this paper is done using the AHP–
Fuzzy–TOPSIS approach and the decision for classification,
assigning appropriate service levels and appropriate action
is left to the user based on the results obtained.

Work has been done in the recent past using AI in this
field but most of the work is difficult to be understood by
practicing managers and its application is limited. Also most
of the work is in field of machines while very little attention
has been provided to maintenance of tools and the specific
environment in which they operate and become important to
production and cost targets.

Genetic algorithm uses natural selection process but for-
mulation of the problem is difficult for practicing managers.
Also the business scenario may change from time to time and
it might not make a close fit with evolutionary algorithm. In
case of genetic algorithm operating with dynamic data set
is difficult while fuzzy logic allows user to iterate with the
changing business scenarios and also the problem formula-
tion is comparatively less complex. Additionally fuzzy logic
allows a greater degree of control both during problem for-
mulation and solution allowing user tomake suitable changes
at various stages of problem.

In the current paper we propose a simple methodology
which is easily understood, can be modified to include more
criterion, change their values and the recommended actions
are open to the user. This provides a robust model that can
be easily modified to suit the user environment and can be
improved over time to fit the needs more closely.
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Though fuzzy does not employ anyparameters that require
statistical significance method but with the increase in num-
ber of dimensional pattern, the number of possible fuzzy rules
may become very large as it is exponential function of num-
ber of parameters. Hence there is a limitation on number of
parameters that can be modelled while applying fuzzy based
rules else the requirement of computational power will be
overwhelming. The method is a decision support framework
which allows user to build in the scenarios and evaluate the
output to judiciously select the right alternative. The method
finally gives a ranking thus allowing reduced complexity
while decision making.

Considering the environment discussed in this section
along with the research work done till now with respect to
conventional and new maintenance techniques, the method-
ology of fuzzy–TOPSIS is selected to carry forward the work
in the field of tool maintenance which has not been attempted
yet. Next section entails the methodology selected.

Methodology

Though our focus is not on joint production–maintenance
plan but it is important to provide some insights into this
regarding the prioritization we propose. As we know that the
auto components environment consists of a large number of
tools and hence first cut needs to be done to concentrate on
most important and critical tools.

The initial analysis needs to be done to classify tools into
the three classes, viz., timebased, counter based and timeplus
counter based, for the maintenance requirements. The clas-
sification can be done using ABC, VED or Pareto analysis.
Time based tools are not that important for the prioritiza-
tion since they can be scheduled for maintenance keeping in
mind the available manpower, so resource levelling is not a
big problem. It is the counter-based and counter plus time
based tools that we would be focussed in further study.

The first step is to decide on the parameters that will be
used for prioritization and classification.Theparameters used
in the study are taken fromanother researchwork of [18]. The
parameters were for machinery but were found suitable for
tools except one which was replaced by another parameter
that was important in case of tools. The selected parameters
are:

• Sensitivity of operations
• Mean time between failure
• Mean time to repair
• Availability of required part
• Availability of repair personnel
• Lead time

On the basis of AHP, weightages are assigned to each cri-
terion. Then fuzzy value in triangular form is taken to find

out weighted fuzzy value for each tool. Finally TOPSIS is
applied to obtain final ranking. The fuzzy–TOPSIS method
is described below as we have customized the method to fit
to our requirements. Hence the basic method is explained in
“Fuzzy TOPSISMethod” section while the modified version
is explained in “ProposedModel” section alongwith the need
for doing so.

Fuzzy TOPSIS Method

Triangular form of representation is used most widely for
fuzzy numbers [8,11,12,23]. Some basic definitions related
to Fuzzy sets are given below [1,4,5,14,16,21,25]:

i. A fuzzy set ˜A in a universe of discourseX is characterized
by a membership function µA˜A which associates with
each element x in X a real number in the interval [0, 1].
The function value is termed the grade of membership of
x in A.

ii. A triangular fuzzy number µa can be defined by a triplet
(a1–a3) as shown in Fig. 1. The membership function
µA(x) is defined as:

µA (x) =

⎧

⎪

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎪

⎩

0, x < 0
x−a1
a2−a1

, a1 < x < a2
x−a2
a3−a2

, a2 < x < a3

0, x > a3

Let ã and ˜b be two triangular fuzzy numbers para-
meterized by the triplet (a1, a2, a3) and (b1, b2, b3),
respectively, then the operational laws of these two trian-
gular fuzzy numbers are as follows:

ã +˜b = (a1, a2, a3) + (b1, b2, b3)

= (a1 + b1, a2 + b2, a3 + b3) ,

ã −˜b = (a1, a2, a3) − (b1, b2, b3)

= (a1 − b1, a2 − b2, a3 − b3) ,

VL          L            M           H          VH           E  
1 

0         0.2         0.4        0.6         0.8          1.0  

Fig. 1 Functions of linguistic variables
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Table 1 Triangular fuzzy values for various levels

Linguistic variable Fuzzy numbers

Very low (0,0,0.2)

Low (0,0.2,0.4)

Medium (0.2,0.4,0.6)

High (0.4,0.6,0.8)

Very high (0.6,0.8,1.0)

Excellent (0.8,1.0,1.0)

ã ∗˜b = (a1, a2, a3) ∗ (b1, b2, b3)

= (a1 ∗ b1, a2 ∗ b2, a3 ∗ b3) ,

ã/˜b = (a1, a2, a3) / (b1, b2, b3)

= (a1/b3, a2/b2, a3/b1) ,

ã = (ka1, ka2, ka3) ,

iii. A linguistic variable is a variable, values of which are in
linguistic terms [2,24]. For too complex or poorly defined
variables which are too difficult to be established quanti-
tatively or to be well defined in conventional quantitative
expressions, linguistic variables are very useful [2,24].
Fuzzy numbers can be used to represent these linguistic
variables.

iv. Let ã = (a1, a2, a3) and ˜b = (b1, b2, b3) be two trian-
gular fuzzy numbers, then the vertex method is defined
to calculate the distance between them:

d
(

ã,˜b
) =

√

1

3

[

(a1 − b1)2 + (a2 − b2)2 + (a3 − b3)2
]

v. Considering the different importance values of each cri-
terion, the weighted normalized fuzzy-decision matrix is
constructed as:

˜V = [

ṽi j
]

n× j i = 1, 2, 3, . . . , n, j = 1, 2, 3, . . . , J

where ṽi j = ṽi j × wi .

A set of performance ratings of A j ( j = 1, 2, 3, . . . , J )
with respect to criteria Ci (i = 1, 2, 3, . . . , n) is called ˜X =
{

x̃i j , i = 1, 2, 3, . . . , n, j = 1, 2, 3, . . . , J
}

.
A set of importance weights of each criterion is

wi (i = 1, 2, 3, . . . , n).
As per the fuzzy theory mentioned above, FUZZY TOP-

SIS used in this paper can be summarized as follows:

Step 1
Choose the linguistic variables

(

x̃i j , i = 1, 2, 3, . . . , n, j =
1, 2, 3, . . . , J ) for alternatives with respect to criteria. Fuzzy
linguistic rating

(

x̃i j
)

preserves the property that the ranges
for normalized triangular fuzzy numbers belong to [0, 1];
thus, there is no need of normalization.

ABC, VED, Pareto Classifica�on 

Brainstorm 
Alterna�ves 

Brainstorm Relevant 
Criterion 

Formulate Structured 
Hierarchy 

Hierarchy 
Approved  

Classify tools according to 
maintenance cri�cality 

Select counter based 
and �me plus counter 

based tools 

Assign weights to 
criterion using AHP 

Evaluate Alterna�ve 

Final Priori�za�on 

Assign Service Levels 

Take Appropriate 
Ac�on 

Brainstorming 

AHP 

Fuzzy TOPSIS 

Ac�on by Management 

No 

Yes 

Fig. 2 Flowchart of activity

Step 2
Calculate the weighted normalized fuzzy decision matrix.

Step 3
Identify positive ideal

(

A+)

and negative ideal
(

A−)

solu-
tions. The fuzzy positive ideal solution and negative ideal
solutions are represented by following equations:

A+ = {

ṽ+
1 , ṽ

+
2 , . . . , ṽ

+
i

}
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Table 2 Linguistic values for selected criterion for tools

Tool no. Sensitivity of
operation

Mean time between
failures (MTBF)

Mean time to repair
(MTTR)

Availability of required
parts (ARPa)

Availability of repair
personnel (ARPe)

Lead time
(LT)

1 VL VH H VH L H

2 M H M H M H

3 E VH H L L H

4 L M M VH VL H

5 VH VH H L E L

6 M H M VL H H

7 H E VH H M VH

8 H M H L L L

9 H VH VH L VL VH

10 M M H L VH L

11 VH VH E VH L VH

12 M H H E H L

13 L E L H H L

14 L L VL L L VL

15 VL VL L M L M

16 L L VL M M M

17 H VL L M L

18 L L VL H M H

19 E M M M VH L

20 M L VL M VL H

21 M M L L L M

22 VH M M VL H M

23 M M L M L M

24 L E M M E VL

25 H M L H M E

26 H E H VH VL M

27 L M L VL VH H

28 M L L M L VL

29 VH L VL M M H

30 E VL M H VL VL

=

⎧

⎪

⎨

⎪

⎩

⎛

⎜

⎝
max vi j
︸ ︷︷ ︸

j

|∀i ∈ Z ′

⎞

⎟

⎠
,

⎛

⎜

⎝
min vi j
︸ ︷︷ ︸

j

|∀i ∈ Z ′′

⎞

⎟

⎠

⎫

⎪

⎬

⎪

⎭

,

i = 1, 2, 3, . . . , n, j

= 1, 2, 3, . . . , J

A− = {

ṽ+
1 , ṽ

+
2 , . . . , ṽ

+
i

}

=

⎧

⎪

⎨

⎪

⎩

⎛

⎜

⎝
min vi j
︸ ︷︷ ︸

j

|∀i ∈ Z ′

⎞

⎟

⎠
,

⎛

⎜

⎝
max vi j
︸ ︷︷ ︸

j

|∀i ∈ Z ′′

⎞

⎟

⎠

⎫

⎪

⎬

⎪

⎭

,

i = 1, 2, 3, . . . , n, j

= 1, 2, 3, . . . , J

where Z ′ is related to benefit criteria and Z ′′ is related to cost
criteria

Step 4
Calculate the distance of each alternative from A+ and A−
as follows

D+
j =

n
∑

j=1

d
(

ṽi j , ṽ
+
i

)

, j = 1, 2, 3, . . . , J

D−
j =

n
∑

j=1

d
(

ṽi j , ṽ
−
i

)

, j = 1, 2, 3, . . . , J

Step 5
Calculate the similarities to ideal solution.

Z Z j = D−
j

D+
j + D−

j

, j = 1, 2, 3, . . . , J
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Step 6
On the basis of Z Z j score, rank the alternatives.

Proposed Model

The proposed model consists of three parts:

(1) Identification of criterion for selection of tools for main-
tenance

(2) Use of AHP to weight the criterion
(3) Evaluate the alternatives using Fuzzy TOPSIS

The criterion to be selected forms the backbone of the proce-
dure.Wrong selection of criterionmay fail the entire purpose
of the study however accurate it may be. Therefore selection
of criterion needs to be given utmost priority and should be
brainstormed. In our study, we considered a number of lit-
erature and found out the criterion that best fits the model
we are proposing. As it is already discussed that most of the
study is based on maintenance of machines and very less is
available on tools, we have modified the criterion to fit the
tool study. The criteria selected [18] for the study are:

(1) Sensitivity of operation
(2) Mean time between failures (MTBF)
(3) Mean time to repair (MTTR)
(4) Availability of required parts (ARPa)
(5) Availability of repair personnel (ARPe)
(6) Lead time (LT)

Though above criteria are used in formulating the problem,
themanagement candecide on additional or can substitute the
criterion for some other that is more relevant to their business
scenario. After the criteria are selected and approved, next
step is to weigh them according to their importance. AHP is
used for assigning weight to the listed criteria. Finally fuzzy
TOPSIS is used to determine the ranks. Triangular Fuzzy
values, given in Table 1, are used in the evaluation using the
linguistic values. The final prioritization is done on the basis
of maximised value of ZZj.

Use of fuzzy allows user to iterate with both the num-
ber of levels and the weightage assigned to each linguistic
variable. In this paper we have used triangular fuzzy values
which can be easily replaced by fuzzy variables having more
dimensions in case the number of decision variables is more.
Also the values assigned can be changed on the basis of the
data captured on ground. Hence use of fuzzy provides flex-
ibility in terms of adapting to various scenarios a business
experiences in reality.

In the present approach of using Fuzzy TOPSIS, we need
to arrive at a positive and negative ideal value of cost and
benefit criteria both. In general, for cost criteria, the posi-
tive ideal value is the lowest one and negative ideal value
is the highest one because we want to minimize the cost. Ta
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Table 4 Fuzzy values for selected tools along with criterion weights

Tool no. Sensitivity of
operation

Mean time between
failures (MTBF)

Mean time to repair
(MTTR)

Availability of required
parts (ARPa)

Availability of repair
personnel (ARPe)

Lead time (LT)

Weights 0.355362158 0.090037317 0.046529601 0.182784298 0.026182487 0.299104139

1 (0, 0, 0.2) (0.6, 0.8, 1) (0.4, 0.6, 0.8) (0.6, 0.8, 1) (0,0.2, 0.4) (0.4, 0.6, 0.8)

2 (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.4, 0.6,0.8) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8)

3 (0.8, 1, 1) (0.6, 0.8, 1) (0.4, 0.6, 0.8) (0, 0.2, 0.4) (0, 0.2, 0.4) (0.4, 0.6, 0.8)

4 (0, 0.2, 0.4) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0.6, 0.8, 1) (0, 0, 0.2) (0.4, 0.6, 0.8)

5 (0.6, 0.8, 1) (0.6, 0.8, 1) (0.4, 0.6, 0.8) (0, 0.2, 0.4) (0.8, 1, 1) (0, 0.2, 0.4)

6 (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0, 0, 0.2) (0.4, 0.6, 0.8) (0.4, 0.6, 0.8)

7 (0.4, 0.6, 0.8) (0.8, 1, 1) (0.6, 0.8, 1) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.6, 0.8, 1)

8 (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0, 0.2,0.4) (0, 0.2, 0.4) (0, 0.2, 0.4)

9 (0.4, 0.6, 0.8) (0.6, 0.8, 1) (0.6, 0.8, 1) (0.2, 0.4, 0.6) (0, 0, 0.2) (0.6, 0.8, 1)

10 (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0, 0.2, 0.4) (0.6, 0.8, 1) (0, 0.2, 0.4)

11 (0.6, 0.8, 1) (0.6, 0.8, 1) (0.8, 1, 1) (0.6, 0.8, 1) (0, 0.2, 0.4) (0.6, 0.8, 1)

12 (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.4, 0.6, 0.8) (0.8, 1, 1) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6)

13 (0, 0.2, 0.4) (0.8, 1, 1) (0, 0.2, 0.4) (0.4, 0.6, 0.8) (0.4, 0.6, 0.8) (0, 0.2, 0.4)

14 (0, 0.2, 0.4) (0, 0.2, 0.4) (0, 0, 0.2) (0, 0.2, 0.4) (0, 0.2, 0.4) (0, 0, 0.2)

15 (0, 0, 0.2) (0, 0, 0.2) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0, 0.2, 0.4) (0.2, 0.4, 0.6)

16 (0, 0.2, 0.4) (0, 0.2, 0.4) (0, 0, 0.2) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6)

17 (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0, 0, 0.2) (0, 0.2, 0.4) (0.2, 0.4, 0.6) (0, 0.2, 0.4)

18 (0, 0.2, 0.4) (0, 0.2, 0.4) (0, 0, 0.2) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8)

19 (0.8, 1, 1) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0.6, 0.8, 1) (0, 0.2, 0.4)

20 (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0, 0, 0.2) (0.2, 0.4, 0.6) (0, 0, 0.2) (0.4, 0.6, 0.8)

21 (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0, 0.2, 0.4) (0, 0.2, 0.4) (0, 0.2, 0.4) (0.2, 0.4, 0.6)

22 (0.6, 0.8, 1) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0, 0, 0.2) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6)

23 (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0, 0.2, 0.4) (0.2, 0.4, 0.6) (0, 0.2, 0.4) (0.2, 0.4, 0.6)

24 (0, 0.2, 0.4) (0.8, 1, 1) (0, 0.2, 0.4) (0.2, 0.4, 0.6) (0.8, 1, 1) (0, 0, 0.2)

25 (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.8, 1, 1)

26 (0.4, 0.6, 0.8) (0.8, 1, 1) (0.4, 0.6, 0.8) (0.6, 0.8, 1) (0, 0, 0.2) (0.2, 0.4, 0.6)

27 (0, 0.2, 0.4) (0.2, 0.4, 0.6) (0, 0.2, 0.4) (0, 0, 0.2) (0.6, 0.8, 1) (0.4, 0.6, 0.8)

28 (0.2, 0.4, 0.6) (0, 0.2, 0.4) (0, 0.2, 0.4) (0.2, 0.4, 0.6) (0, 0.2, 0.4) (0, 0, 0.2)

29 (0.6, 0.8, 1) (0, 0.2, 0.4) (0, 0, 0.2) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8)

30 (0.8, 1, 1) (0, 0, 0.2) (0.2, 0.4, 0.6) (0.4, 0.6, 0.8) (0, 0, 0.2) (0, 0, 0.2)

Similarly for benefit criteria, the ideal positive value is the
one with maximum value and for negative ideal value; it is
the one with lowest value. However, in this paper we have
taken the opposite. For example, Lead time is cost criteria,
since we require shorter lead time for our tools, but a tool
having low lead time will be less critical and the method
will upgrade its rank at lower value of lead time because it
satisfies the lower cost criteria. But we want the tool of low
lead time to be lower in ranks in terms of criticality, there-
fore, in case of criticality, we have changed the ideal value to
opposite.

Hence, in our case we have taken a higher value in cost
criteria as positive ideal value and lower value in cost criteria

as negative ideal value. Similarly for benefit criteria the ideal
values are replaced. Thereby, we got the final modified equa-
tion for the calculation of positive and negative ideal values
as follows:

A+ = {

ṽ+
1 , ṽ

+
2 , . . . , ṽ

+
i

}

=

⎧

⎪

⎨

⎪

⎩
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⎝
min vi j
︸ ︷︷ ︸

j

|∀i ∈ Z ′

⎞

⎟

⎠
,
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⎜

⎝
max vi j
︸ ︷︷ ︸

j

|∀i ∈ Z ′′

⎞

⎟
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⎫

⎪

⎬
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,

i = 1, 2, 3, . . . , n, j

= 1, 2, 3, . . . , J
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Table 6 Calculated Z Z j values

Tool no. Calculation for D+ D+ Calculation for D− D− ZZj

Criterion Criterion

1 2 3 4 5 6 1 2 3 4 5 6

1 0.977 0.073 0.972 0.149 0.007 0.822 3.000 0.041 0.928 0.029 0.854 0.995 0.186 3.033 0.503

2 0.860 0.056 0.981 0.114 0.011 0.822 2.844 0.154 0.946 0.020 0.891 0.990 0.186 3.186 0.528

3 0.669 0.073 0.972 0.047 0.007 0.822 2.591 0.333 0.928 0.029 0.964 0.995 0.186 3.435 0.570

4 0.931 0.039 0.981 0.149 0.003 0.822 2.925 0.092 0.964 0.020 0.854 0.998 0.186 3.114 0.516

5 0.718 0.073 0.972 0.047 0.025 0.941 2.777 0.290 0.928 0.029 0.964 0.976 0.077 3.264 0.540

6 0.860 0.056 0.981 0.021 0.016 0.822 2.757 0.154 0.946 0.020 0.988 0.984 0.186 3.278 0.543

7 0.789 0.084 0.963 0.114 0.011 0.762 2.723 0.221 0.916 0.038 0.891 0.990 0.244 3.300 0.548

8 0.789 0.039 0.972 0.047 0.007 0.941 2.795 0.221 0.964 0.029 0.964 0.995 0.077 3.250 0.538

9 0.789 0.073 0.963 0.047 0.003 0.762 2.638 0.221 0.928 0.038 0.964 0.998 0.244 3.393 0.563

10 0.860 0.039 0.972 0.047 0.021 0.941 2.881 0.154 0.964 0.029 0.964 0.979 0.077 3.167 0.524

11 0.718 0.073 0.957 0.149 0.007 0.762 2.666 0.290 0.928 0.044 0.854 0.995 0.244 3.355 0.557

12 0.860 0.056 0.972 0.171 0.016 0.941 3.017 0.154 0.946 0.029 0.830 0.984 0.077 3.020 0.500

13 0.931 0.084 0.991 0.114 0.016 0.941 3.077 0.092 0.916 0.012 0.891 0.984 0.077 2.972 0.491

14 0.931 0.023 0.997 0.047 0.007 0.980 2.985 0.092 0.982 0.005 0.964 0.995 0.035 3.072 0.507

15 0.977 0.010 0.991 0.079 0.007 0.882 2.945 0.041 0.994 0.012 0.927 0.995 0.129 3.098 0.513

16 0.931 0.023 0.997 0.079 0.011 0.882 2.923 0.092 0.982 0.005 0.927 0.990 0.129 3.125 0.517

17 0.789 0.039 0.997 0.047 0.011 0.941 2.825 0.221 0.964 0.005 0.964 0.990 0.077 3.221 0.533

18 0.931 0.023 0.997 0.114 0.011 0.822 2.898 0.092 0.982 0.005 0.891 0.990 0.186 3.146 0.520

19 0.669 0.039 0.981 0.079 0.021 0.941 2.731 0.333 0.964 0.020 0.927 0.979 0.077 3.301 0.547

20 0.860 0.023 0.997 0.079 0.003 0.822 2.784 0.154 0.982 0.005 0.927 0.998 0.186 3.253 0.539

21 0.860 0.039 0.991 0.047 0.007 0.882 2.825 0.154 0.964 0.012 0.964 0.995 0.129 3.218 0.532

22 0.718 0.039 0.981 0.021 0.016 0.882 2.657 0.290 0.964 0.020 0.988 0.984 0.129 3.376 0.560

23 0.860 0.039 0.991 0.079 0.007 0.882 2.857 0.154 0.964 0.012 0.927 0.995 0.129 3.181 0.527

24 0.931 0.084 0.981 0.079 0.025 0.980 3.081 0.092 0.916 0.020 0.927 0.976 0.035 2.965 0.490

25 0.789 0.039 0.991 0.114 0.011 0.721 2.665 0.221 0.964 0.012 0.891 0.990 0.281 3.358 0.558

26 0.789 0.084 0.972 0.149 0.003 0.882 2.879 0.221 0.916 0.029 0.854 0.998 0.129 3.148 0.522

27 0.931 0.039 0.991 0.021 0.021 0.822 2.825 0.092 0.964 0.012 0.988 0.979 0.186 3.221 0.533

28 0.860 0.023 0.991 0.079 0.007 0.980 2.940 0.154 0.982 0.012 0.927 0.995 0.035 3.104 0.514

29 0.718 0.023 0.997 0.079 0.011 0.822 2.650 0.290 0.982 0.005 0.927 0.990 0.186 3.381 0.561

30 0.669 0.010 0.981 0.114 0.003 0.980 2.758 0.333 0.994 0.020 0.891 0.998 0.035 3.271 0.543
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i = 1, 2, 3, . . . , n, j

= 1, 2, 3, . . . , J

where Z ′ is related to benefit criteria and Z ′′ is related to cost
criteria

The selected triangular values are listed in Table 1.
Figure 1 depicts the triangular fuzzy value in diagram-

matic form. The flowchart for entire process of finding out

the priority is described in Fig. 2. It also details the various
methods used at each stage.

The environment we selected for study consists of more
than 1200 tools out of which we selected 30 most important
tools as counter based and counter plus time based. For these
30 tools linguistic values are assigned against the criterion
selected. Though the work was carried out for 30 tools only,
it can be extended to include any number of tools. Table 2
lists the linguistic values for each of the selected criterion for
each tool.

Table 3 depicts the rating on likert scale provided to
various selected criteria and the final normalized weights
obtained as a result of AHP procedure.
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Table 7 Final rankings

Tool ID D+ D− ZZj Tool final ranking

3 2.590705 3.435092 0.570064 1

9 2.63772 3.393441 0.562651 2

29 2.650484 3.380536 0.560525 3

22 2.657481 3.375858 0.559534 4

25 2.664902 3.358043 0.557542 5

11 2.666423 3.355198 0.557192 6

7 2.723427 3.299575 0.547829 7

19 2.731276 3.301216 0.547239 8

6 2.756602 3.277981 0.543199 9

30 2.758091 3.271144 0.542547 10

5 2.776891 3.263865 0.540307 11

20 2.783951 3.252613 0.538819 12

8 2.795383 3.249862 0.53759 13

17 2.824709 3.221083 0.532781 14

27 2.824843 3.220884 0.532754 15

21 2.825125 3.217535 0.53247 16

2 2.844172 3.186098 0.528351 17

23 2.856914 3.180987 0.526837 18

10 2.880873 3.166716 0.523633 19

26 2.879467 3.147703 0.522252 20

18 2.897843 3.145594 0.520498 21

16 2.922911 3.125336 0.516734 22

4 2.925294 3.114499 0.515663 23

28 2.940018 3.104281 0.513588 24

15 2.945471 3.098444 0.512655 25

14 2.985326 3.072414 0.507188 26

1 3.000489 3.033146 0.502706 27

12 3.017121 3.019635 0.500208 28

13 3.077285 2.972128 0.491308 29

24 3.08062 2.96531 0.490464 30

Table 4 lists the triangular fuzzy value assigned to each
tool for each of the selected criterion. They are the quantifi-
cation of linguistic values described in Table 2.

Table 5 contains the weighted fuzzy values which are
obtained by taking joint effect of weights of various crite-
rions along with the triangular fuzzy value.

Table 6 lists the positive as well as the negative ideal solu-
tions on the basis of TOPSISmethodology and the final score
which will decide the priority ranking.

Table 7 sums up the entire procedure by assigning the final
ranking to the maintenance priority of tools. On the basis of
this, a decision can be taken by the management to allocate
resources.

Conclusion and Future Scope

The results obtained can be used for recommendations and
future action by the management. On the basis of ranking,

on a given constraint day tools can be selected for main-
tenance which is most critical to operations. Also on the
basis of this ranking content and frequency of maintenance
can be determined which can help in estimation of mainte-
nance manpower requirement. One important aspect that can
be further studied is how to integrate the maintenance plan
for time based tools, which was created separately (as they
are not part of this analysis) with the maintenance plan for
counter based tools created on the basis of results obtained.
But obvious is the fact that some algorithm that proposes
a joint maintenance-production plan needs to be integrated
along with the results obtained to ensure a truly integrated
production–maintenance plan. Additionally, one of the prob-
lem that maintenance management faces is the assignment
of service levels for different tools. As we are aware that
the reliability of tools as well as machine decreases as their
usage increases, in order to avoid any breakdown, generally
MTTF is calculated and on the basis of that maintenance
schedule is prepared. But in actual scenario, the equipment
may fail before or after the mean as expressed by standard
deviation of mean. Hence in order to avoid any such fail-
ure tolerances needs to be provided, assigning service levels
as one of the methods of ensuring it. Thus on the basis of
the priority obtained service levels can be assigned, provid-
ing for larger tolerances to tools which are of higher ranking
(more critical). In this way we can optimise the resources by
applying proper service levels according to the criticality of
the tool to the production environment.
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