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 Capacity waste management is highly essential because under utilization of capacity is often 
referred to as a major reason for lower productivity among industries around the world. For 
better estimation of capacity and its utilization and then for its improved management; newer 
techniques are being devised in industrial sector. The current case of capacity waste problem 
has been taken up as a Six Sigma project, where we try to analyze critical factors responsible 
for the capacity waste. Decisions on critical factor selection in analysis phase of Six Sigma are 
always very crucial. The paper discusses an approach for selection of capacity waste factors at 
an automotive industry using fuzzy logic based AHP method. The fuzzy AHP is a well 
recognized tool to undertake the fuzziness of the data involved in choosing the preferences of 
the different decision variables engaged in the process of capacity waste factors selection. In 
this context, we have explored six crucial parameters for selection of capacity waste factors. 
Final ranking is calculated through priority vector thus obtained and it is seen that conveyor 
malfunction is found to be the key factor for capacity waste among all alternatives at the 
selected site. 
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1. Introduction 

The evaluation of capacity waste owes its importance to the fact that, if properly managed, it may 
provide a consistent indication of early intensification in an industry. The term industrial capacity is 
subject to several interpretations but in practice, the three concepts are widely used and these are- 
Design Capacity, Effective Capacity and Actual Capacity. Design capacity is maximum rate of output 
that might be achieved under almost ideal conditions and effective capacity is planned after 
compensating for certain essential unavoidable delays. Despite the best efforts on the part of 
management, effective capacity is never achieved and the actual output is obtained is determined by 
the occurrence of casual delays which are basically due to deficiencies, inadequacies and fallacies on 
the part of workers as well as management. These measures of capacity are useful in defining Capacity 
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Utilization (CU). CU is the ratio of Actual capacity to Design capacity. 

CapacityDesign
CapacityActualCU

  
      =  (1) 

So Capacity Waste   =    1 – CU (2) 
 
Capacity of a facility can be defined as the total productive capability of all the utilized productive 
resources including workforce and machinery to produce an output over a period of time. The capacity 
however is subjected to intensiveness of use of the facilities. It is possible to enhance capacity by 
working for more days or more hours or by acquiring internal or external contingent resources (Alp & 
Tan, 2008). Temporarily capacity can be increased to meet additional demand by these methods. If we 
want to upgrade the capacity we can do so by balancing equipment to create a better balance amongst 
the sub processes and through proper capacity waste management like by reducing down time in the 
pant. Capacity management in the manufacturing decision making process is linked to production 
planning and control, quality control, assurance, plant and equipment (Orr, 1999). Capacity is generally 
provide the means for producing a product or service (Hammesfahr et al., 1993). Capacity waste level 
in the industries gives information on the level of resource utilization in the nation which may in turn 
provide information on the expected future way of inflation (Baghestani, 2008).The CU measure 
facilitates an  industry to know the extent of waste capacities available, and the differences in the degree 
of CU among firms (Sahoo & Tone, 2009). Capacity management is desirable because under utilization 
is often referred as a major reason for lower productivity of industries around the world. Better 
estimates of capacity and its utilization and improved management techniques are necessary that lower 
the rate of capacity waste and lessen the effect of under utilization (Felthoven et al., 2009). 
 
This serious problem of capacity waste of automotive industry in our case study has been taken up 
through Six Sigma project. In this context, Six Sigma is highly efficient process that focuses on 
developing and delivering stable product, process and services in a consistent way (Eckes, 2002). It is 
a highly established approach that aims to recognize and eliminate defects, faults or breakdowns, 
reduces cycle times,  decreases inventory, increases productivity, decreases work-in-progress, improves 
capacity and output, increases quality and reliability, higher levels of satisfaction and decreases unit 
costs in processes or systems by centring on those process performance parameters that are of critical 
importance to success (Coronado & Antony, 2002; Snee, 2004). Six Sigma emerging as a powerful 
strategy has been well recognised as an imperative for achieving and sustaining business excellence in 
operation and services both. It has evolved as a disciplined, data‐driven process and quality 
improvement approach in many organisations worldwide. It is highly disciplined and statistically based 
approach for removing defects from products, processes, and business involving everybody in the 
corporation (Antony, 2004; Antony & Fergusson, 2004; Dedhia, 2005; Hahn et al., 1999).The statistical 
concept of Six Sigma means that processes are working near to perfection, carrying only 3.4 defects 
per million opportunities. Sigma the Greek letter is defined as a statistical term that refers to the 
standard deviation of a process about its mean and represents a measure of variation. This term is used 
to measure defects in the outputs of a process and show how far the process deviates from perfection 
(Esposto & Belt, 2009).Six Sigma implementation in any industry is initially very challenging because 
it requires total commitment from senior management and active role of top management in project 
selection and resource allocation. It also requires training of some of the people in the industry with the 
understanding that their role will be fully devoted to implementation of Six Sigma activities 
(Raisinghani et al., 2005). Prosperous deployment of Six Sigma requires tuning to the culture of the 
firm and a change in the mind-set of its workforce (Antony & Banuelas, 2002). Six Sigma cannot be 
treated as an alone activity. It necessitates attachment to the whole thinking rather than just the usage 
of few tool and techniques of process improvement. It must be very clear how Six Sigma projects and 
other activities link to core processes (Neuman & Cavanagh, 2000). It could be relevant when 
maintenance of consistency of performance is desirable. It is called when a breakthrough strategy for 
creativity and innovation is required, where avoidance of non-conformance is of higher priority(Goh, 
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2002). Six Sigma is a disciplined approach and its project has been executed through various phases of 
a scientific model named Define, Measure, Analyse, Improve and Control(DMAIC).This model 
provides effective utilisation of existing resources, without any extra investments on resources to 
achieve excellence best in class. After the problem has been defined in Define phase; key process 
characteristics and root causes are identified and studied in the Measure and Analyze phases. This is 
followed by the Improve phase where a process is changed for a better or optimization. The Control 
phase then ensures that the outcomes are sustained ahead of the completion of the project (Goh, 2002; 
Singh & Khanduja, 2014). 
 
For the problem of capacity waste in this paper we mainly emphasize on analysis phase of Six Sigma 
to select the root causes of capacity waste in centre less grinding (CLG) section of selected industry in 
India.  In our study we have identified various capacity waste alternatives in terms of failure/breakdown 
in CLG section. A proper selection on capacity waste factors has been done and it is a very important 
issue for automotive companies due to the fact that improperly selected alternatives can depressingly 
affect the overall performance of a manufacturing system. In addition, the rate of manufacturing 
systems mostly depends on what kinds of capacity waste arise during production. On the other side, 
the selection of a critical alternative responsible for capacity waste is time consuming and requiring 
superior knowledge and experience deeply. So the process to evaluate such critical reasons can be a 
very complex activity for managers, engineers and also for machine operators. For effective evaluation 
in such kind of problems the decision making could be a complex task may require a large number of 
factors to be considered huge data to be analyzed. Where decision making could be a complex task, 
such problems can be effectively undertaken with multiple attribute decision making (MADM) 
approach. This approach has provided excellent results in complex decision-making problems in 
engineering (Zeki Ayağ & Özdemir, 2006; Vats & Vaish, 2013; Zhang, 2004). MADM utilized a lot 
of methods in literature which includes TOPSIS (Technique for order preference by similarity to ideal 
solution) (Chen, 2000; Farsijani et al., 2015), VIKOR (VlseKriterijumska Optimisacija I Kompromisno 
Resenje) (Opricovic & Tzeng, 2004; Yadollahi Farsi et al., 2012), and AHP (Analytic hierarchy 
process) (Chang, 1996; Kahraman et al., 2003), SAW (simple additive weighting) (Chen & Klein, 
1997), etc. 
 
Selection of capacity waste alternatives is a multiple attribute decision making problem in the existence 
of many quantitative and qualitative parameters/attributes suggested by decision makers. So we decided 
on analytic hierarchy process (AHP) method because it has been extensively used for selecting the best 
alternatives (Golden et al., 2003; Saaty, 1990, 2008). These MADM methods are mainly used in crisp 
decision applications. AHP appears not enough to capture decision maker requirements openly because 
mainly human judgment on qualitative parameters is always subjective and thus indefinite. To 
overcome this kind of vagueness in human decisions, Fuzzy set theory could be integrated with AHP. 
The Fuzzy AHP approach permits a more perfect depiction of the decision making process. Fuzzy AHP 
approach is outstanding MADM approach and has been applied to various problems ranging from 
supplier selection(Kahraman et al., 2003), machine tool selection(Zeki Ayağ & Özdemir, 2006; Durán 
& Aguilo, 2008),project selection (Huang et al., 2008),Information technology sector(Lee, Chen, & 
Chang, 2008), manufacturing systems (Weck et al., 1997),and many more (Kaviani et al., 2014; 
Varmazyar & Nouri, 2014). This study aims to prove the validation of the proposed Fuzzy AHP 
Approach for selection of critical alternatives for capacity waste on a real life system. This case study 
was carried out in a leading automotive industry in India. The present study is one of the first efforts to 
evaluate capacity waste alternatives in Six Sigma analysis phase in Indian automotive sector. 
 
2. Selection criteria for Evaluation of capacity waste  

Six key parameters have been identified for assessment of the critical capacity waste alternatives in 
centre less grinding section of an automotive industry in India. The key customary parameters in the 
model are mined from the brainstorming session with decision makers and reports from existing 
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literature(Ayağ, 2007; Nguyen et al., 2014). The parameters for decision making are classified in two 
categories involving the main parameters and sub category. 

Parameters               Symbol       Sub Category 
Ease of Maintenance C1 Regular maintenance 

Corrective maintenance 
Safety C2 Safety door 

Safety training 
Fire extinguisher 

MTBF C3 Failure rate 
Up time 

Cost C4 Cost of capacity waste 
Cost of breakdown 

Green Effect C5 Friendly Environment 
Capacity waste minimization 
Less energy consumption 

Repair Time C6 Time to recover 
Active repair time 

 

3. Methodology used 

In this study a hybrid approach is used where the AHP and Fuzzy techniques are employed together for 
capacity waste alternatives selection problem in CLG’s. Fig.1 shows the flow chart of proposed 
methodology used in present study and make clears how the views of the decision makers are 
quantitatively compiled. 

 

Fig. 1. Flow chart for methodology used. 

3.1 Analytical Hierarchy Process (AHP) 

Analytic hierarchy process was developed by Saaty as a decision making model (Saaty, 1988). It 
showed how to decide the relative importance of activities in a multi attribute decision making problem. 
It is one of the widely used decision making approach in industrial problems (Li & Huang, 2009). The 
AHP is built on a human inherent capability to construct its views hierarchically. It made pair wise 
comparison of similar things against a specified norm and review the strength of the importance of one 
thing over another(Zeki Ayağ & Özdemir, 2006). For the selection of best alternative the pair wise 
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comparisons for each level are performed using a nine point scale (1-9) as shown in Table 1  (Z Ayağ, 
2007; Saaty, 1989). That converts the human preferences between offered parameters as equally (1), 
moderately (3), strongly (5), very strongly (7) or extremely preferred (9). The values thus obtained in 
scaling process converted into priority values to compare alternatives(Chan, Kumar, Tiwari, Lau, & 
Choy, 2008). 

Table 1  
Nine point scale used in a pair wise comparison 

Scale importance intensity           Description  
1 Equal importance for both components compared  
3 Component A has moderately important compared with component B  
5 Component A has strongly important compared with component B  
7 Component A has very strongly important compared with component B  
9  Component A has extremely important compared with component B  

 

The basic steps involved in AHP methodology are:  

1. Define the problem and its aim. 
2. Recognize the measures that influence the performance. 
3. Construct the problem into a hierarchy from top to lowest level having goal at top level, criteria, 

and sub criteria at intermediate level and alternatives at bottom level. 
4. Construct a set of pair wise matrix )( nn×  and compare each element in the equivalent level 

and attune them on relative scale (1-9). This requires )1( −nn judgment, where diagonal 
elements are equal and the other elements will be the reciprocals of the earlier comparisons. 

5. Having made all pair wise comparison, calculations are carried out to find Eigen value, 
consistency index (CI) consistency ratio (CR) and normalized values for each parameter. The 
consistency of system can be checked by the consistency ratio (CR): 

RI
CICR =  (3)

 

             where CI is the consistency index which can be obtained as: 

1
max

−
−

=
n

nCI λ
 (4)

 

             Where n is the matrix size. The random consistency index (R.I.) is the predefined value (Ayağ, 
2007; Vaidya & Kumar, 2006). CR is satisfactory if it does not exceed 10% then decision is taken based 
on the normalized values else the judgement matrix is inconsistent; the procedure is repeated till these 
values lie in a desired scope. 

3.2 Fuzzy Logic  

As the name suggests, Fuzzy logic is the logic of core approach of reasoning which are approximate 
rather than accurate. The importance of fuzzy logic estimates from the fact that the majority of 
approaches of human being- reasoning are approximate in nature(Zedeh, 1989).This approach  was 
initiated to carry out the problem where there are no clear edges between the two factors. A fuzzy logic 
is a class of object with a variety of results of membership. Such type set is branded by a membership 
function, which assigns to each object a grade of membership within the interval zero and one(Zadeh, 
1965). This depicts the degree of significance of an element for being the member of the set. Fuzzy 
logic approach  has proven to be an efficient way for concluding decision problems where the 
information available is subjective and inexact(Meier et al., 1994). Formally, fuzzy logic is a structured, 
model free estimator that estimated a function through linguistic variables. A linguistic variable is a 
variable whose value is denoted in words or sentences in a natural or artificial language(Bonde, 2000). 
Linguistic variables are a critical aspect of fuzzy logic applications, where general terms such a large, 
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medium, and small are each used to capture a range of numerical values. In mathematical applications 
variables usually take numerical values where as in fuzzy logic applications, the non-numeric are often 
used(Zadeh, 1997).  Fuzzy approach was used for multiple criteria decision making where the stress is 
on likelihood rather than probability. Different fuzzy numbers are used depending on their situation. In 
present case we have used trapezoidal fuzzy numbers (b1, b2, b3, b4) for { 1b , 2b , 3b , 4b ∈R ; 1b ≤ 2b ≤ 3b

≤ 4b }as in Fig.2. 

 
Fig. 2. Trapezoidal fuzzy number 

 Because of its simplicity and information processing in a fuzzy environment; it is often suitable to 
work with trapezoidal fuzzy numbers. The membership function µ b (x) of trapezoidal fuzzy number is 
defined as 
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4. Fuzzy AHP Methodology 

This section explains the steps involved in the subjective fuzzy AHP approach for selection of capacity 
waste alternatives in CLG section of automotive industry. The approach utilizes AHP weights for inter-
comparison among all criteria followed by fuzzy logic approach with AHP method to obtain critical 
alternatives. It includes following steps: 

Step 1: Computation of AHP weights 

As discussed in section 3.1, AHP weights (Wj) are calculated for all capacity waste parameters. This 
provides the weights of different criteria. 

Step 2: Define linguistic terms, relevant membership function and corresponding fuzzy numbers. A set 
of fuzzy rates is required in order to compare all the alternatives for each criterion. These fuzzy terms 
are assigned by the decision makers and responsible for intra criterion comparisons of the alternatives. 

Step 3: Formation of decision matrix 

Let p be the parameters and q be the alternatives. For k number of decision makers in the proposed 
model for the aggregated fuzzy rating for Cj   criterion is represented as xijk = {xijk1, xijk2, xijk3, xijk4}. For i 
=1,2…..q; j =1, 2….p; k =1, 2….k, xijk is calculated as (Shemshadi et al., 2011)  
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Thus the obtained decision matrix (M) is shown as: 
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Step 4: Defuzzification 

Defuzzification is a process of conversion fuzzy terms to quantified result in fuzzy logic by real valued 
functions. It is performed to obtain the crisp values (quantifiable result) for each criterion corresponding 
to each alternative. This provides a quantitative value for the linguistic variables and fuzzy numbers 
assigned based on the verbal reasoning of the decision makers. Following equation lead to the crisp 
values: 
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The crisp values, thus obtained are integrated with AHP weights to calculate final ranking using AHP 
approach as discussed below. 

Step 5: Determination of AHP overall priority vectors or AHP index  

Firstly, priority vectors for different evaluation criterion are calculated using the crisp values as 
demonstrated in Table 2 and Table 3.  

Table 2 
 Schematic for Capacity waste alternatives and evaluation parameters 

Parameters 
                            Capacity waste alternatives 
Alternative 1 Alternative 2 Alternative 3 Alternative 4     Alternative 5 

Parameter 1 X11 X12 X13 X14 X15 
Parameter 2 X21 X22 X23 X24 X25 
Parameter 3 X31 X32 X33 X34 X35 
Parameter 4 X41 X42 X43 X44 X45 
Parameter 5 X51 X52 X53 X54 X55 
Parameter 6 X61 X62 X63 X64 X65 

http://en.wikipedia.org/wiki/Fuzzy_logic
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Thereafter, the sum product of priority vectors gives the overall priority vector for each parameter. We 
have named it as the AHP index as it provides the factors responsible for capacity waste in contrast to 
various evaluation criteria. The alternative with highest value of AHP index is preferred. 

Table 3  
Pair wise Comparison matrix for capacity waste alternatives for parameter 1 (from Table 2) 

 Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 
Alternative 1 1 X11/X12 X11/X13 X11/X14 X11/X15 
Alternative 2 X12/X11 1 X12/X13 X12/X14 X12/X15 
Alternative 3 X13/X11 X13/X12 1 X13/X14 X13/X15 
Alternative 4 X14/X11 X14/X12 X14/X13 1 X14/X15 
Alternative 5 X15/X11 X15/X12 X15/X13 X15/X14 1 

 

5. Results and Discussion 

In automotive firms, it is quite difficult to find out exact factors of capacity waste due to which the 
available resources are underutilized. Proper capacity waste management inside the industry might be 
very helpful in deciding the performance of the industry. Efficient capacity utilization is always 
important for the industry because under utilization always results in lower production, excessive 
delays, and ultimately leads to poor productivity levels. In current study, in brainstorming sessions with 
decision makers like, production manager, engineers, machine operators and financial experts, etc.; it 
is concluded that selection of the critical capacity waste alternatives in CLG section depends on six 
criteria as discussed in Section 2, which carried a meaningful impact on selection of alternatives. . It is 
closely observed that impact of these parameters differ from shop floor of industry to industry. As these 
parameters are identified, the next step is to prioritize these parameters, as to which of these have extra 
impact on the identified capacity waste reasons. AHP approach is used to prioritize these parameters 
and in order to compare these distinct parameters, numeric priority values are assigned to the 
parameters on a scale of 1-9 and a set of pair wise matrix is made to carry out comparison. Table 4 
shows the relative decision matrix formed on the basis of pair-wise comparison and the weights are 
calculated for considered criteria. MTBF comes out as the most dominant parameter for the selection 
of these capacity waste alternatives; while green effect impacted as least dominant parameter. 
  

Table 4  
Subjective weights of the evaluation criteria calculated using AHP 

Parameters C1 C2 C3 C4 C5 Weights Rank 
Ease of Maintenance (C1) 1 5 0.11 0.14 5 0.0768 4 
Safety(C2) 0.20 1 0.11 0.14 3 0.0381 5 
MTBF(C3) 9 9 1 9 9 0.4945 1 
Cost(C4) 7 7 0.11 1 7 0.2187 2 
Green Effect(C5) 0.20 0.33 0.11 0.14 1 0.0239 6 
Repair Time(C6) 7 7 0.11 0.14 7 0.1478 3 

 
 

  
Fig. 3. Contribution of all major parameters towards the 
selection of capacity waste alternatives in CLG's 

Fig. 4. The hierarchical structure for the selection of the 
capacity waste alternatives in CLG’s 
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Fig. 3 shows the contribution of all governing parameters towards the selection of capacity waste 
alternatives. The hierarchical structure for the selection of capacity waste alternatives in CLG’s is 
shown in Fig. 4. Level 1 specifies our goal on selection of the capacity waste alternatives that have to 
be selected from the identified thirteen important factors of capacity waste indicated in level 2. Level 
3 demonstrates that the Capacity waste alternatives are fully interdependent on critical selection 
parameters, which shows the complexity of the problem. Moreover, this is a time consuming process 
and significant knowledge of both technological as well as economic aspects is needed in this case. 
 
Table 5  
Linguistic variables and corresponding fuzzy numbers 

Linguistic Variable                                           Fuzzy number 
Extremely  High (EH)                                                        (0.8, 0.9, 1.0, 1.0) 
Very high (VH)                                                                (0.7, 0.8, 0.8, 0.9) 
High (H)                                                     (0.5, 0.6, 0.7, 0.8) 
Above average (AA)                                                                         (0.4, 0.5, 0.5, 0.6) 
Average (A)                                            (0.2, 0.3, 0.4, 0.5) 
Very low (VL)                                            (0.1, 0.2, 0.2, 0.3) 
Extremely low (EL)                                                        (0.0, 0.0, 0.1, 0.2) 

 
Table 6 
Linguistic decision matrix of capacity waste alternatives for all evaluation criteria 

Capacity Waste Factors   (Alternatives) Evaluation Criteria(Parameters) 
C1 C2 C3 C4 C5 C6 

Conveyor Malfunction(F1 ) EL VL EL EH VH EH 
Loader Failure(F2) VL A VL VH VH EH 
Gear box fault(F3) A VL A H AA H 
Coolant pump Malfunction(F4) EL A VL VH VH EH 
Hydraulic motor not working(F5) A A AA AA A VH 
Hydraulic oil leakage(F6) VL VL VL VH H EH 
Slide failure(F7) EL VL VL EH VH EH 
Spindle jam(F8) VL A VL VH VH EH 
CWD unit fault(F9) VL EL VL EH H EH 
Electrical faults(F10) VL A VL H VH VH 
Sensor faults(F11) H H H A VL VL 
Grinding wheel Fault(F12) A AA AA AA H H 
Improper lubrication(F13) VH AA AA VL VH EL 

 
Further next, on the decisions of decision makers for comparison of all alternatives for each parameter, 
fuzzy hypothesis analysis is carried out. Linguistic variables were used for this problem, these variables 
further converted into corresponding fuzzy numbers. Table 5 shows these linguistic variables and their 
corresponding fuzzy numbers. The highest range is termed extremely high (EH) and the least is termed 
as extremely low (EL). During our brainstorming session with decision makers the linguistic decision 
matrix was filled as shown in Table 6. Here a single decision matrix has been formed rather than having 
a separate decision matrix for each decision maker (as per discussion with decision makers). Further, 
fuzzy values thus obtained are finally changed into crisp values using Equation 7. Calculated crisp 
values obtained from aggregated fuzzy ratings shown in Table 7. The crisp values thus obtained are 
utilized to calculate the priority vectors for each parameter with respect to distinct alternative. Table 8 
shows corresponding rank indices and ranks for the capacity waste alternatives in CLG section. Our 
analysis shows that conveyor malfunction is the prime factor responsible for capacity waste in CLG 
section. Other main reasons for capacity waste are, CWD unit fault, slide failure, electrical faults and 
loader failure respectively (refer Table 8). It is also observed that grinding wheel fault is having least 
effect on capacity waste of this section. Improper lubrication and sensor faults are also rarely 
responsible for failure. We found that our results are in good agreement with perceptions of automotive 
company. 
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Table 7 
Calculated crisp values for assigned fuzzy rates 

Capacity Waste Factors (Alternatives) Evaluation Criteria(Parameters) 
C1 C2 C3 C4 C5 C6 

F1 0.077778 0.383333 0.177778 0.944444 0.983333 0.944444 
F2 0.233333 0.366667 0.233333 0.833333 0.833333 0.944444 
F3 0.366667 0.233333 0.366667 0.666667 0.533333 0.666667 
F4 0.077778 0.366667 0.233333 0.833333 0.833333 0.944444 
F5 0.366667 0.366667 0.533333 0.533333 0.366667 0.833333 
F6 0.233333 0.233333 0.233333 0.833333 0.666667 0.944444 
F7 0.077778 0.233333 0.233333 0.944444 0.833333 0.944444 
F8 0.233333 0.366667 0.233333 0.833333 0.833333 0.944444 
F9 0.233333 0.077778 0.233333 0.944444 0.666667 0.944444 
F10 0.233333 0.366667 0.233333 0.666667 0.833333 0.833333 
F11 0.666667 0.666667 0.666667 0.366667 0.233333 0.233333 
F12 0.366667 0.533333 0.533333 0.533333 0.666667 0.666667 
F13 0.833333 0.533333 0.533333 0.233333 0.833333 0.077778 

 
Table 8 
Calculated AHP ranking 

Alternatives C1 C2 C3 C4 C5 C6 AHP 
Index 

AHP 
Rank 

AHP Weights 0.0768 0.0382 0.4945 0.2187 0.0240 0.1478   
Conveyor Malfunction 0.1814 0.0553 0.1237 0.1030 0.1079 0.0952 0.1304 1 
Loader Failure 0.0605 0.0578 0.0942 0.0909 0.0914 0.0952 0.0905 5 
Gear box fault 0.0385 0.0908 0.0600 0.0727 0.0585 0.0672 0.0687 9 
Coolant pump Malfunction 0.1814 0.0578 0.0942 0.0909 0.0914 0.0952 0.0781 7 
Hydraulic motor not working 0.0385 0.0578 0.0412 0.0582 0.0402 0.0840 0.0728 8 
Hydraulic oil leakage 0.0605 0.0908 0.0942 0.0909 0.0731 0.0952 0.0645 10 
Slide failure 0.1814 0.0908 0.0942 0.1030 0.0914 0.0952 0.0908 3 
Spindle jam 0.0605 0.0578 0.0942 0.0909 0.0914 0.0952 0.0897 6 
CWD unit fault 0.0605 0.2723 0.0942 0.1030 0.0731 0.0952 0.0930 2 
Electrical faults 0.0605 0.0578 0.0942 0.0727 0.0914 0.0840 0.0907 4 
Sensor faults 0.0212 0.0318 0.0330 0.0400 0.0256 0.0235 0.0497 11 
Grinding wheel Fault 0.0385 0.0397 0.0412 0.0582 0.0731 0.0672 0.0386 13 
Improper lubrication 0.0169 0.0397 0.0412 0.0255 0.0914 0.0078 0.0423 12 

 
6. Conclusions  
 
In this study, a tactical approach has been used to evaluate capacity waste alternatives in CLG section 
of an automotive industry using Fuzzy AHP methodology. Trapezoidal fuzzy numbers were used with 
conventional AHP in turn to improve the degree of decisions of decision makers. Analytic Hierarchy 
Process (AHP) method is used to calculate weights of all persuasive parameters for selection of the 
capacity waste alternatives. MTBF has been found to be the most serious and green effect as least 
critical parameter.  The number of alternatives is limited to thirteen because these are mainly 
responsible for considerable capacity waste. Further priority order of critical factors of capacity waste 
in CLG section is determined using fuzzy AHP approach. Conveyor malfunction is found to be the 
critical factor responsible for capacity waste in CLG section. This study explores the feasibility of 
combination of fuzzy MADM with AHP in Six Sigma analysis phase as a valuable tool in Six Sigma 
analysis for selection of the Capacity waste alternatives. 
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