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Abstract 

To meet the needs and expectations of customer and key stakeholders, information 

on the condition and performance of an asset needs to be gathered consistently. This 

was demonstrated in a study whereby inspection data that reported on the operation 

and non-operation status of the components was used. This study was conducted in 

the rail maintenance environment with the aim to select the most appropriate 

maintenance strategy when faced with complex decision problems for the selected 

motor coach component using the Analytical Hierarchy Process (AHP) decision 

making algorithm. This study is important to reduce the number of systematic failures 

pertaining to motor coaches due to maintenance issues. The research approach 

adopted in this dissertation includes the application of an Analytical Hierarchy Process 

(AHP) mathematical decision-making model (Quantitative) and expert opinions 

through structured interviews (Qualitative). The approach adopted seeks to address 

the performance challenges in the implementation of the respective company’s 

maintenance program by outlining the best maintenance strategies to be used for 

selected motor coach components. The findings from this study provide evidence that 

preventative maintenance is the best strategy overall. When considering the 

availability of spare parts factor, preventative maintenance strategy is also found to be 

the best strategy to be implemented. When considering the impact of failure on rail 

vehicle factor, corrective maintenance strategy is best the best strategy to be 

deployed. Whilst the reliability of maintenance data factor has shown equal 

importance for all strategies under investigations. And finally, the frequency of failure 

of the component factor, corrective maintenance strategy is best the best strategy to 

be implemented. The dissertation recommends that AHP methodology be used in 

determining the best maintenance strategy to deploy for rail vehicle components and 

in determining the component criticality or ranking. The limitations of the study are 

limited to preventative maintenance, corrective maintenance and No maintenance 

strategy implementation. 
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Chapter 1- Introduction 

The improvement and maintenance of rail infrastructure and rolling stock is critical in 

providing a safe and reliable railway service for the passengers. As such, the 

maintenance of motor coaches plays an integral part in the railway system, and if not 

maintained, the system remains vulnerable. To meet the needs and expectations of 

customers and key stakeholders, information on the condition and performance of an 

asset needs to be gathered consistently. This was demonstrated in a study whereby 

inspection data that reported on the operation and non-operation status of the 

components was used. It is critical to deploy an appropriate maintenance strategy for 

the motor coach components as it impacts directly on the safety and comfort of the 

passengers. It is for this reason that the selection of appropriate model when deciding 

on maintenance strategy plays a key role. A motor coach is classified under rolling 

stock as it includes all the vehicles that move on the rail track. This dissertation aims at 

developing a general framework for the selection of an optimum maintenance strategy 

for the motor coach components with the assumption that the company has collected 

motor coach components maintenance records and failure patterns. The maintenance 

analysis to select the optimum maintenance model is carried out using the AHP 

mathematical model technique. The optimum maintenance strategies are defined as 

the improved and most effective process or approach in deploying a maintenance 

strategy. The different strategies grouped under the preventative maintenance and 

Corrective maintenance were considered in the development of the tool. The selection 

of the most appropriate maintenance strategy is often faced with complex decision 

problems involving the need to determine the best strategy to deploy for a motor coach 

component. As a result, decision making plays a key role in the selection of an 

appropriate maintenance strategy. 

1.1 Background 

The immediate focus of any rail company in contributing to a quality life for South 

Africans is to ensure timeous delivery of quality rail services that are aimed at enabling 

communities to access socio-economic opportunities. The unavailability of motor 

coaches due to components failure aligned with maintenance costs the rail company a 

lot. It is therefore evident that decision making in selecting an appropriate strategy 

when addressing these issues is critical. The response time for repairing rail 
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infrastructure failures remains a challenge in the South African rail industry (du Toit, et 

al., 2019) thus, there is a need to develop effective maintenance decision-making 

system to achieve the goals and requirements of railway stakeholders.  

1.2 Problem Statement 

Important rail networks are overloaded, rail freight tariffs are high, transit times are 

long and uncertain, rail terminal quality is poor, there is diminished flexibility in carrying 

different types of products and railway carriages are uneconomical for the industries 

that cannot provide full train loads (Haldar, et al., 2017). If one system fails, the whole 

service can be severely affected (Conradie, et al., 2015). The rolling stock in rail 

industries are capital intensive as they service passengers daily and need to be 

maintained continuously for safety of the physical assets and of passengers. Decision 

making on the type of strategy to be deployed for the components of the motor coach 

is crucial in avoiding any failures.  

1.3 Purpose of the Research 

This dissertation aims to address decision making ability in the selection of an 

optimum maintenance strategy for motor coach components. 

1.4 Research Question 

The research question that guided the study: 

1.4.1 How AHP algorithm can be used in selecting the best maintenance strategies 

for motor coach components? 

1.5 Research Objectives 

The research objectives of the study are 

 To select the most appropriate maintenance strategies for the motor coaches’ 

components and the most critical component using AHP methodology 

 To develop the general framework based on AHP for the selection of optimum 

maintenance strategy for motor coach components 

 To validate the AHP algorithm results using the Delphi methodology 
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1.6 Research Delimitations 

 The research is limited to the maintenance of rail vehicles critical components 

 There is inconsistency in capturing input data for all works carried out in the 

database 

1.7 Assumptions 

 The maintenance data clearly outline the type of maintenance carried out 

 The maintenance data includes timelines to carry out the task 

 There is an effective maintenance system in place 

 There is a fault/failure analysis procedure in place 

1.8 Dissertation Layout 

The layout of this research consists of five chapters, broken down as follows:  

Chapter 1 introduces the background of the study, the problem statement, research 

question and the objectives that need to be achieved by the study. Then highlights 

how the study was conducted, and the delimitations of the study and finally how this 

report is compiled or presented. 

Chapter 2 outlines the literature gathered to provide a context for the research 

objectives to address the problem statement.  This brought about an understanding of 

the important theoretical viewpoints of the problem and assisted in creating a new 

model for problem being researched. The context covered ranges but not limited to 

Maintenance of Rolling stock, failure data, the different rail maintenance strategies: 

preventative and corrective maintenance, decision making criteria and finally the AHP 

mathematical algorithm.  

Chapter 3 presents the research methodology that outlines the research approach 

taken to define what data was collected & how, the data collection techniques 

employed, data analysis and how to implement the AHP methodology. 

Chapter 4 presents the analyses of the maintenance data collected and the application 

of the AHP methodology to decide on the optimal strategy. The consistency check of 

the data was carried out to ensure that there is consistency for a decision. 

Chapter 5 discusses the results and analysis obtained in chapter 4 
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Chapter 6 concludes the research study, highlights the significance of the study and its 

limitations. It also gives recommendations to improve the organizations approach in 

addressing rail components maintenance decisions and future work.  

1.9 Summary 

This chapter introduced the background of the study, the problem encountered, the 

purpose of the research, the research question, the objectives that needed to be 

achieved, the research delimitations and how this report is compiled and presented. 

The next chapter considers the review of applicable literature. 
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Chapter 2 - Literature review 

2.1 Introduction 

This chapter highlights the literature that assisted in defining the research and 

reviewing the status. The literature review covers the following rail maintenance 

concepts: Maintenance, Rolling stock, maintenance of rolling stock, corrective 

maintenance, preventative maintenance, failure data, AHP, Decision criteria analysis 

and the critical review of literature.  

2.2 Maintenance 

Maintenance is defined as the repair actions that are taken for failed components 

(Takeshi, 2012). There are two categories of maintenance, namely, Preventative 

maintenance and Corrective maintenance (Zaim, et al., 2012). Maintenance is made 

up of mathematical models aimed at finding balances between costs and time of 

maintenance, or the most appropriate moment to execute maintenance (Dekker, 

1998). It is essential that organizations implement a system of preventive maintenance 

and corrective maintenance to minimize the inconvenience caused by lack of 

maintenance (Costa & Balduino, 2018). Maintenance planning is fundamental to 

improving maintenance efficiency (du Toit, et al., 2019). In railway infrastructure asset 

management, the corrective and preventative maintenance actions are appropriate 

maintenance strategies that are deployed to focus on measurable outputs. 

2.2.1 Corrective maintenance 

Corrective maintenance (CM) is that which takes place after the system has failed 

(Zaim, et al., 2012). The corrective maintenance process involves the detection and 

alert of failure, diagnosis then repair to return to service (Peres & Noyes, 2003). 

Corrective maintenance recovers a system from asset failure, meaning that an asset is 

operated until an asset within a system fails (Zhuwaki, 2017). When performing 

corrective maintenance on rail infrastructure, the system, or some of its parts, are 

usually non-operational (du Toit, et al., 2019) 
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Figure 1: Operation Cycle of the Repairable Unit (Burhanuddin, et al., 2014) 

Figure 1 outlines the two status conditions of a repairable component that has failed. A 

repairable system can produce failure data that are independent and identically 

distributed. Failure data plays a critical role in determining the trend using regression 

techniques to ascertain whether a system can deteriorate or improve over time 

(Conradie, et al., 2015). 

 

2.2.2 Preventative Maintenance 

Maintenance that takes place before there is a failure (Zaim, et al., 2012) or an 

exchange or remake of a component before wearing down (Costa & Balduino, 2018) is 

classified as Preventative Maintenance (PM). The process of preventative 

maintenance is initiated by machine defaults that require intervention before the 

system fails. When this takes place, a decision is made based on the demands of 

production to adjust or replace of defective parts or repair of failed parts before the 

system is operational again (Peres & Noyes, 2003). Preventative maintenance 

prevents a system from suffering an impending failure of an asset by scheduling 

maintenance tasks through monitoring (Zhuwaki, 2017).  

 

FailureOperate
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2.3 Rolling stock  

A railway system is made up of two main subsystems, the rail infrastructure and rolling 

stock. Rolling stock has been identified as the most important and vulnerable 

subsystem of the railway system. Rolling stock is classified as any vehicle such as 

motor coaches, wagons, and locomotives that move on a rail network (Asekun & 

Fourie, 2015). A motor coach is made up of components such as a traction motor, 

pantograph, axle, compressor and an exhauster to name a few (Fourie & Tendayi, 

2016) as shown in Figure 2.  

 

3KV 
 

 

 

 

 

 

 

 

 

 

 

Figure 2: Reliability diagram of components (Asekun & Fourie, 2015)  

A train set is made up of motor coaches connected to each other. A motor coach 

depicted in Figure 3 is made up of components that make up a coach (Asekun & 

Fourie, 2015).   

MA/MG Traction 
Motor 

Exhauster Compressor 
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Figure 3: Motor Coach  

2.4 Maintenance of Rolling Stock Strategies 

The maintenance of rolling stock is characterized in two maintenance strategies: 

Corrective Maintenance (CM) and Preventative Maintenance (PM). Due to incorrect 

maintenance work, frequent down time, unnecessary maintenance tasks encountered 

when executing PM, the rolling stock maintenance companies often revert to CM also 

known as breakdown maintenance (Asekun & Fourie, 2015). An appropriate 

maintenance strategy not only mitigates the likelihood of equipment failure but also 

improves the working condition of assets, resulting in lower maintenance costs, and/or 

higher product quality. On the other side, an improper selection of strategies may 

adversely affect the maintenance budget and thereby reducing productivity as well as 

profitability (Shafiee, 2015). It is important that effective maintenance strategies are 

developed to deal with rolling stock maintenance tasks. Rail companies focusing in 

Preventive Maintenance strategy in rolling Stock encounter problems that are not 

limited to erroneous maintenance work, unnecessary maintenance tasks, etc. 

(Rezvanizaniani, et al., 2008). 
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2.5 Failure data 

To meet the needs and expectations of customers and key stakeholders, information 

on the condition and performance of an asset needs to be gathered consistently 

(Zhuwaki, 2017). The data collected relating to the characteristics of failure and repair 

processes and request and service must correspond with the information captured. 

The data captured for corrective action may include the date, description and duration 

of an intervention as well as the nature, cause and gravity of the failure (Peres & 

Noyes, 2003). Failure is a process that takes place in mechanical system/components 

(Sharma & Pooja, 2010). The ‘failure’ is the manifestation of an ‘error’ which follows a 

‘fault’ (Peres & Noyes, 2003). It is further defined as an event that is subjected to 

reliability analysis as such must be collected as data (Takeshi, 2012). The 

mathematical and statistical models’ techniques require large amount of data; 

however, this data is often inaccurate, due to poor capturing by those responsible for 

this task, this results in the lack of adequate data to carry out statistical analysis 

(Sharma & Pooja, 2010). Accurate corrective action data  when correctly captured 

should include the date, description and duration of an intervention as well as the 

nature, cause and gravity of the failure (Peres & Noyes, 2003).  

2.5.1 Maintenance failure data 

A repairable system can produce failure data that are independent and identically 

distributed  (Conradie, et al., 2015) thus, the failure data of a failed or operating 

system is a very useful quantity in terms of replacement and maintenance strategies 

(Eryilmaz, 2018). Failure data must correspond with the information captured to 

include the date, description and duration of an intervention as well as the nature, 

cause and gravity of the failure (Peres & Noyes, 2003). Improper location and 

guidance of components constitutes an important mode of failure often ignored in 

mechanical engineering practice (Eryilmaz, 2018). 

2.6 Systems 

An effective rail system depends on the seamless integration of several complex 

systems. The repair or replacement of components that have failed can only be carried 

out on a repairable system (Conradie, et al., 2015).  
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2.6.1 Subsystem architecture  

The architecture of the subsystems, which defines their interdependence and their 

common failure modes, plays an important role in mitigating reliability risks. The 

system should be designed and configured such that failure in one component does 

not start a chain of failures in other components (Hao, et al., 2015). 

2.6.2 Fail safe design 

Rolling stock design is critical in addressing maintenance of components during the 

de3sign of the coaches as such provision for component failure is part of every good 

design, to avoid collateral damage in case a failure occurs. (Mulder, et al., 2013). 

2.7 Decision Making 

Railway decision making is complex as it includes huge amount of data, lack of 

relevant data, data analysis and data integration. Because of its complexity, a need 

arises to develop an effective maintenance decision-making system to achieve the 

goals and requirements of railway stakeholders. Decision making can be defined as an 

activity for solving problems that are eliminated with a satisfactory solution (Kour, et 

al., 2014). Decisions are made by individuals or groups as a reaction to a problem. 

The decisions necessitate the interpretation and evaluation of the information received 

in a form of relevant data (Robbins & Judge, 2015). Decision making that influence 

more than one individual achieve the following objectives: Compliment one another’s 

knowledge and expertise; Generate more ideas by brainstorming; Generate more 

information on a problem; and evaluate and correct possible decisions (Reid & 

Hammersley, 2000). Decision making is achieved when one is evaluating and 

choosing a solution to a problem. This is done to achieve the following goals in an 

organization: Product Improvement; Efficiency in production; and Choice of investment 

(Zey, 1992). AHP method is one of the most popular tools for addressing problems of 

competing objectives in decision analysis due to the subjective judgements of inputs 

from decision makers, experts and stakeholders’ group decision making.  (Lin & Lu, 

2012). 
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2.7.1 Decision Support System 

Decision making may be supported by use of methodologies such as the root cause 

analysis and others, either individually or integrated form. Figure 4 provides an 

example of an integrated framework for failure analysis of systems which adopted 

different methodologies such as Root Cause Analysis (RCA), Failure mode and effect 

Analysis (FMEA) and Fuzzy Methodology (FM) methodologies in the maintenance 

decision making approach (Sharma & Pooja, 2010).   The fact that the framework 

highlighted the different support systems, whether used individually or in combination 

can assist decision making in maintenance. Furthermore, the framework suggests the 

different strategies that can be deployed when there is a failure, which includes 

optimization of the maintenance decision (repair/replace) and preventative 

maintenance amongst others. This study considers optimization of maintenance 

decisions in analyzing maintenance data from a selected company. 

 

Figure 4: Framework for failure analysis and maintenance decisions (Sharma & Pooja, 

2010) 
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In addition, the framework indicates that in maintenance decision making, one of the 

decisions to be made about a fault or failure is that of whether to repair or replace 

(Sharma & Pooja, 2010). 

2.8 Decision Criteria Analysis 

Labib suggests the use of multiple criteria in investigating maintenance problems and 

proposes the use of hierachical levels (Aslam‐Zainudeen & Labib, 2011). (Aslam‐

Zainudeen & Labib, 2011) demonstatrate its application by investigating maintenance 

of rolling stock in rail industry. They show maintenance of rolling stock more 

systematically through the four levels until fault details (level 4) are fully considered. 

This study covers the details of the fault (level 4) and calls these components 

subsystems such as MA set fault, Traction motor fault, Circuit breaker fault pictured in 

Figure 5 

 

Figure 5: Critical Systems indicating Components under investigation adapted from  

(Aslam‐Zainudeen & Labib, 2011) 

2.9 Analytical Hierarchy Process  

The Analytical Hierarchy Process (AHP) method is a multiple-criteria decision-making 

(MCDM) approach that makes it possible to select the best decision for the criterion 

identified, it is used when making optimum choice in decision making variants. 

(Sobczyk, 2008). AHP was originally devised by (Saati, 1980) to provide a framework 
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for solving different types of multi- criterion decision problems based on the relative 

priorities assigned to each criterion’s role in achieving the objective. AHP method 

takes into consideration all the components and analyses them using hierarchical 

method ranking. It is a statistical method that has been adopted for analyzing 

unrelated data, with the main objective to obtain the most viable options. The method 

develops a matrix that compares attributes in pairs (Handfield & Walto, 2001). AHP 

considers the hierarchical nature of the defined main goal and this is achieved by 

creating an association between the available options prior to arriving at the decision. 

It furthermore identifies the priority of the criteria set (Pour, et al., 2017). The AHP 

method ensures that the qualitative and quantitative data in decision-making problems 

are contained such that it is easy to understand its process (Yadav & Sharma, 2015).  

2.10 Critical review of literature 

Researchers have used AHP methodology for many different purposes, some in 

isolation and others with combination of other mathematical models, such as the 

following: 

Ratnayake &Tore (2010) used the AHP methodology in measuring the HSE 

awareness in selecting a maintenance strategy (Ratnayake & Tore, 2010). Similarly, 

(Roberto & Thomas, 2010) used the AHP approach in identifying improvement areas 

when implementing green initiatives. (Nikolaos & Panagiotis, 2016) applied the AHP 

approach to investigate the relationship between regional factors and investment 

attractiveness of solar energy. (Shivraman, et al., 2011) applied the AHP methodology 

in selecting the best concept in lean environment thereby improving the leanness of 

the organization. (Chen & Pei‐Ni Huang, 2007) used the AHP with bi-negotiation 

agents’ approach in proposing a new approach for tackling the uncertainty and 

imprecision of identifying suitable supplier offers, evaluating these offers and choosing 

the best alternatives in bi-negotiation. (Lo, et al., 2013) adopted the AHP methodology 

for revealing the preference of tenants on those captioned attributes under a ratio 

scale. (Singh, 2016) applied the AHP technique to benchmark the competitive service 

quality in airline industry. (Fong, 2000) applied a similar approach of Analytical 

Hierarchy Process (AHP) in exploring the final contractor selection. Some writers have 

combined the AHP methodology with other methodologies, for example (Zaim, et al., 

2012) used the combination of AHP and ANP methodology in the selection of 

maintenance strategy in the printing firm. Similarly, (Shyjith, et al., 2008)  also used the 
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combination of AHP and TOPSIS methodology evaluating the optimum maintenance 

strategy in textile industry. (Parvaneh & El-Sayegh, 2016) used another combination, 

AHP and LP methodology in the presentation of a model to select a new construction 

project for a firm. (Selçuk Perçin, 2006) uses the combination of AHP‐PGP 

methodology in selecting the best suppliers and allocating the optimum order 

quantities among them by evaluation.  

However, in the words of (Lin & Lu, 2012), AHP is one of the most popular tools for 

addressing problems of competing objectives in decision analysis due to the subjective 

judgements of inputs from decision makers, experts and stakeholders group decision 

making. According to (Zaim, et al., 2012), it is clear from the literature that AHP has 

proven success in maintenance strategy selection, the same way it has proven 

success in many other decision-making problems. Therefore, this research selects 

AHP methodology as the preferred tool for the study. 

2.11 Summary 

This chapter has highlighted the relevant literature for the study to understand the 

concepts and framework used. Among others, it outlines the concepts of maintenance 

of rolling stock, AHP, decision criteria analysis and maintenance strategy selection. 

The chapter paves way for the conceptualization of the research methodology, which 

is considered in the next chapter. 
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Chapter 3 - Research Methodology 

3.1 Introduction 

This chapter discusses the methodology that was implemented in selecting an 

effective maintenance strategy of motor coach components using the AHP 

mathematical model. A database of field rail maintenance data was collected for all 

pieces of the motor coach components to evaluate the appropriate maintenance 

strategies to be carried out by the maintenance team. The mixed method methodology 

design is the explanatory sequential method, as it entailed soughting quantitative data 

first and analyzed, thereafter quantitative data results will be integrated into the survey 

to be utilized for qualitative data collection. The Data collection techniques were used 

to obtain data from the maintenance management system and the Delphi technique 

(Interviews). The motor coach components considered in this study are based on the 

overall information available on the database which is limited to an axle, compressor, 

exhauster, inverter, MA, MG, Pantograph (Panto) and a Traction Motor (TM). The 

subsystems of these components have not been considered. The AHP methodology 

used for the selection of the effective maintenance strategy of motor coach 

components is discussed in section 3.2.3.1.  

3.2 Research Approach: Mixed Method 

The approach used is the mixed method, comprising of both qualitative and 

quantitative method. Mixed method approach for the study was necessary to validate 

the data collected with interviews from the owners of the data collected. This approach 

includes the collection, analysis and integration of both qualitative and quantitative 

data in a single study (Hesse-Biber, 2010). This was carried out using the sequential 

mixed method topology which is the collection of data in sequential phases such that 

the quantitative data collected first contributes to the phase of qualitative data 

collection (Creswell & Clark, 2018). This study adopted the effective asset 

management cycle pictured in Figure 6 that was used in a study that assisted 

engineers in making decisions about what types of maintenance should be done and 

would also allow maintenance to be adapted to suit the changing real world 

performance of the fleets (Aslam‐Zainudeen & Labib, 2011).Considering that the goal 

of this study was to highlights the need for a decision-making system in the 

maintenance of rolling stock particularly the critical functioning of the motor coach to 
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ensure optimum service quality to the passengers, this cycle was found to be suitable. 

The steps involved in the methodology are presented in line with Figure 6 and are 

considered below: 

 

Figure 6: The effective asset management cycle (Aslam‐Zainudeen & Labib, 2011) 

Figure 6 outlines the four (4) stages in effective management: data acquisition, data 

analysis, decision support and improvement.  

3.2.1 Data Acquisition 

The data were acquired from a Rail Company’s in-house maintenance 

database/system, downloaded in Microsoft excel format. This database contains all 

motor coach maintenance component failures of 551 motor coaches between the year 

2014 to 2018. The data collection technique utilized is outlined in the MCDM 

approach, AHP to ensure that wrong data is not used in evaluating the maintenance 

strategies or data that is not complete. This entails the application of a Delphi method 

to counter any gaps in data provided. These data collection approaches ensured that 

the data is not an infeasible solution to the MSS problem (Shafiee, 2015).   
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3.2.1.1 Data Classification 

The data sought is corrective maintenance data of rail vehicle components. 

3.2.1.2 Data Collection techniques 

The research data were gathered mainly using secondary sources (Kumar, 2005). 

This adopts the document analysis approach whereby the maintenance reports or 

documents for the rail vehicle components failure is accessed from the rail company 

and analyzed (Olsen, 2012). Narrative data were gathered using primary sources in a 

form of structured interviews (Kumar, 2005) which inquire using knowledge questions 

to obtain respondents information (Patton, 2015). The respondents were randomly 

selected within the functional area to ensure that the data were not biased (Biggam, 

2008). The data collection techniques sought were the following: 

3.2.1.2.1 Obtaining data from maintenance management system 

The motor coach maintenance data collected were obtained from the Rail Company’s 

rail maintenance management system currently in use, for data between 2014 to 2018 

downloaded in an excel format. Permission to use the motor coach maintenance data 

for study purposes was obtained from the company. 

3.2.1.2.2 The Delphi method 

The Delphi technique gathers a group of experts’ in the field’s reliable opinions by 

allowing them to express their own views on a topic, while considering the other 

participants’ views by means of controlled feedback (Grobbelaar, 2007). When 

implementing the process of the Delphi method, the human element was found to 

have the greatest impact on the effectiveness of the process (Crawford & Wright, 

2016). Face to face interviews with a panel of maintenance experts was conducted to 

test the credibility of the data and the research results thereof. An ethics clearance 

certificate was issued by the university to allow for the interaction to took place is 

reported in 4.4.5.  

3.2.2 Data Analysis 

The data analysis was conducted using expert opinion as input into the AHP 

mathematical modelling knowledge base as recommended by (Sharma & Pooja, 
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2010). The numerical data analysis gathered was integrated using narrative 

information (Plowright, 2011). The data analysis model presented in Figure 7 below 

depicts the typical approach followed in highlighting the ‘maintenance related causes’, 

which is in the lack of Maintenance and Maintenance execution: 

 

Figure 7: Data Analysis Model (Holmgren, 2005) 

Figure 8 represents the maintenance process improvement cycle that breaks down the 

maintenance execution process cycle mentioned in Figure 7. Personnel and material 

are highlighted as inputs to maintenance execution. The yellow rectangular 

demarcation in Figure 8 of the PDSA (Plan, Do, Study and Act) approach highlights 

decision whether to act on fault and which maintenance strategy to deploy as depicted 

in the oval green circle: the choices available are No maintenance, Preventative 

maintenance or Corrective maintenance (Soderholm, et al., 2007). 
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Figure 8: Maintenance Process Improvement Cycle (Soderholm, et al., 2007) 

3.2.3 Decision Support - AHP Methodology 

AHP methodology was applied in the determination of the best maintenance strategy 

for rail components. 

3.2.3.1 AHP Methodology – steps followed in analysis (Saaty, 2008), 

Step 1- Constructing a hierarchal structure of the problem  

Stage 2: Formulate the maintenance strategy decision criteria matrix (C) through pair 

wise comparison 

Stage 3: Formulate the criteria weight matrix (CW) from the normalized maintenance 

decision criteria matrix 

Stage 4: Determine the weight vector 

(Ws)=C×CW 
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Stage 5: Determine the consistency vector 

(C)= Ws×(1/W) 

Stage 6: Formulate the Consistency Index (CI) using 

CI = ℷ−1
n – 1

– 

Stage 7: Formulate the Consistency Ratio (CR) using 

CR =  CI
RI

 

Stage 8: Formulate the Optimum maintenance strategy priority weight matrix  

(FR) 

Stage 9: Formulate the transpose of  

FR (FRT ) 

Stage 10: Formulate the Optimum maintenance strategy selection matrix 

Stage 11: Select the alternative Optimum maintenance strategy with the highest 

priority weight scores 

3.2.3.2 The construction of the AHP Hierarchy 

The AHP hierarchy is constructed by Identifying the main goal of the hierarchal 

structure of the problem (Saaty, 2008), this is achieved by decomposing the entire 

problem into three levels: Goal, Criteria, Alternatives and making a hierarchy of the 

same (Jagtapa & Bewoorb, 2017) as depicted in Figure 5. The alternative 

maintenance strategies are: Corrective maintenance, preventative maintenance and 

No maintenance.  

3.2.3.3 The AHP Scale of Importance 

Table 1 represents the fundamental scale of importance of absolute numbers: 

Table 1: The fundamental scale of importance of absolute numbers (Saaty, 2008); 

(Saati, 1980) 
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Intensity of importance Definition Explanation 

1 Equal Importance 
Two elements contribute 

equally to the objective 

3 Moderate importance 

Experience and judgement 

slightly favor one element 

over the other 

5 Strong importance 

Experience and judgement 

strongly favor one element 

over the other 

7 
Very strong or demonstrated 

importance 

One element is favored 

very strongly over the 

other, its dominance is 

demonstrated in practice 

9 Extreme importance 

The evidence favoring one 

element over another is of 

the highest possible order 

of affirmation 

2, 4, 6, 8 Intermediate Intermediate 

Reciprocals of above - 

If activity i is assigned one 

of the above numbers when 

compared to activity j, then 

activity j is assigned the 

number’s reciprocal value 

when compared to activity i 

 

As elaborated in Table 1: Scale 1 indicates that both elements are relatively equal in 

contributing to the goal. Scale 2 until scale 9 indicate that one element is relatively 

more important than the other, in which the bigger the number, the higher the 

dominance of one element over the other. On the other hand, reciprocals of these 

numbers indicate inverse relativity (Nur, et al., 2018). 

3.2.3.4 The RI table (RI) 

The Random index (RI) as tabulated by (Saati, 1980)  
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Table 2: Values of the RI Table for small problems 

n 2 3 4 5 6 7 8 9 10 

RI 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.51 

3.2.3.5 The Consistency Ratio (CR) 

The consistency ratio is calculated using the formula, (Saati, 1980): 

CR =  CI
RI

 

Where RI is derived from the RI table depending on the number of things being 

compared and the consistency index (CI), (Saati, 1980) 

CI = ℷ−1
n – 1

– 
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3.2.4 Improvement 

This is done by collecting information on objects and building library database – 

Information like failure mode, failure cause, failure condition, MTTF, MTTR among 

others are gathered for each component and introduced to the library database 

3.3 Validity and Reliability 

The reliability of the data collected was tested by calculating the Consistency ratio of 

the data input in accordance with the AHP methodology step. When the value of the 

consistency ratio (CR) is < 0.10, it indicates that there is enough consistency for a 

decision/judgement to be made (Saati, 1980). Structured interviews were carried out 

with maintenance personnel for verification purposes. (Benedetto, et al., 2007).. 

3.4 Ethics 

Ethical clearance for purposes of data collection, protection and good practice was 

sought to conform to the professional ethical standards expected by the University and 

generally required (Olsen, 2012), this Ethical Clearance was granted by the institution 

of study. 

3.5 Summary 

This chapter discussed the research approach undertaken and justification for the 

approach selected. It outlines the data collection techniques deployed, the 

classification of data and the steps involved in undertaking the AHP methodology for 

selecting an effective maintenance strategy of motor coach components. The 

validation and reliability aspects of the research and ethical considerations are also 

mentioned.  This chapter paves the way for critical analysis of data collected, results 

and discussions.  
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Chapter 4 – Results and Analysis 

4.1 Introduction 

This chapter outlines the research results: the data compilation, analysis and 

application of the AHP methodology in selecting the best maintenance strategy which 

is informed by identifying the most critical component using motor coach reliability data 

provided by the Rail Company and application of AHP methodology in ranking the 

most critical component. The global priorities obtained are used for ranking of the 

alternatives and selection of the best maintenance strategy to be deployed and most 

critical component. There are four (4) different factors which were taken into 

consideration: data reliability, quality of spare parts, component frequency of failure 

and the impact of component failure. These attributes were used in determining the 

criticality of the components identified in the study. There are three different 

maintenance strategies that were taken into consideration: Preventative maintenance, 

Corrective maintenance and No maintenance as depicted in Figure 8. Upon 

completion of the application thereof results are gathered and interpreted accordingly 

in the next chapter. Similarly, the component taken into consideration were 8 

components. 

4.2 Data Collection 

Quantitative data were collected from the Rail Company Maintenance database; this 

database consisted of component failure data covering the period 2014 to 2018. On 

the other hand, Qualitative data were collected from relevant literature on online 

databases and from the Rail Company personnel through the interview process. 

4.3 Data Analysis 

Data analysis was carried out on the data collected and the results are broken down 
into the following categories: 

4.3.1 Availability of Spare Parts (Motor Coach Components) 

Figure 9 presents the component data from the Rail Company’s motor coach 

maintenance database between the years 2014 and 2018. The total number of 

components under scrutiny was 9,922 which included the unknown components where 

data is missing and thus cannot identify component captured. 
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Figure 9: Motor coach components composition 

Figure 9: Motor coach components compositionFigure 9 depicts the components data 

retrieved from the database, namely:  components removed, and components 

replaced. Removed components are components that are removed from a motor 

coach and are either refurbished or discarded. Replaced components are components 

that are used as spares/replacement part, these components can either be new 

components or refurbished components. Refurbished components are components 

that were removed from a motor coach due to failure or fault, refurbished for re use. 

There was a total of 4771 components that were removed from motor coach for failure, 

and a total of 4889 components that were replaced overall. These components are 

captured on the rail company database using unique serial numbers for ease of audit 

trail of a component lifespan. It should be noted that a component which is removed, 

then refurbished and replaced will have the same serial number and hence can be 

traced. 

  

4 771 , 49% 4 889 , 51%

Rail vehicle components

Components removed Components replaced
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4.3.2 Impact of Component failure on Rail Vehicle 

Table 3 tabulates the impact of component failures. The ratings were obtained using 

expert opinion due to data unavailability that allows computation of such ratings. 

Table 3: Impact of component failure on motor coach 

Components 
Impact of Component 

Failure 

Axle 3 

Compressor 1 

Exhauster 1 

Inverter 1 

MA 1 

MG 1 

Panto 1 

TM 1 

Key: 1 - Motor coach is operational (Has back up TM); 2- Operational loss < 50% (No 

Backup component); 3- Motor coach is stationery     

4.3.3 Frequency of failure of the component 

Figure 10 tabulates the frequency of failure for the different components affected in a 

motor coach. The number of components presented in Appendix  5 exclude the 

unknown components that did not have any data identification captured on the system.  
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Figure 10: Pareto analysis for Component frequency of failure 

 

The Pareto analysis shows that 80% of the coaches affected fall between the 

frequency of 1 to 20 failures. Figure 10 depicts the components frequency of failure, it 

outlines the traction motor, exhauster and axle as having the most frequent failures 

and thus these components have been selected for the AHP analysis to be carried out 

in the study. 

4.4 AHP Analysis  

The AHP analysis was carried out on the three (3) maintenance strategies using the 

following selection criteria (attributes): data reliability, quality of spare parts, 

component failure frequency and the impact of component failure. A hierarchical 

structure was developed and presented in Figure 11 to outline the different levels in 

achieving the goal of the study in accordance with the first step of carrying out an AHP 

analysis. A pairwise comparison was then carried out for the attributes to determine 

the data consistency suitability. Once the desired consistency value was achieved, 

analysis was carried out for each of the attributes and results presented of the 

preferred strategy. The same phenomenon was applied using the same attributes in 

determining the most critical component by applying the AHP methodology and results 

are presented in 4.4.6.  
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4.4.1 The AHP hierarchal structure  

Figure 11 below presents the hierarchical structure of the decision-making criteria 

broken down into four (4) levels: 

 

 

 

 

 

Figure 11: Hierarchical Structure of the Maintenance Strategy Problem 

Level 1 of the hierarchy represents the overall goal of the study, level 2 of the hierarchy 

lists the attributes of each of the rail vehicle components to be evaluated and level 3 
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outlines the paired comparison of each criteria and level 4 shows maintenance strategy 

choices within each criterion. 

4.4.2 Comparison of the criteria (attributes) with respect to the goal 

The comparison of the attributes was carried out by executing the following steps: 

4.4.2.1 Pairwise Comparison of the criteria with respect to the goal 

A pairwise comparison of the criteria with respect to the goal was carried out by 

applying the AHP methodology in selecting the best strategy for the rail components 

and selecting the most critical component of the rail components presented. The 

selected factors for the study are: 

 Impact of failure on rail vehicle 

 Availability of Spare Part 

 Frequency of failure of the component 

 Reliability of maintenance data 

These factors were looked at by experts and expert Judgement was used for scoring 

which of the factors are more important and its intensity thereof, this is presented in   

Table 4. The scoring was based on the Pairwise comparison values presented in Table 

1: The fundamental scale of importance of absolute numbers and the outcomes are 

outlined in Table 4. 

Table 4: Expert Judgement 

Criteria 

More important Intensity 

A B 

Frequency of failure of 

the component 

Spare Parts (Motor Coach 

Components) 
B 1 
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Criteria 

More important Intensity 

A B 

Frequency of failure of 

the component 
Effect of failure on rail vehicle 

B 3 

Frequency of failure of 

the component 

Reliability of maintenance 

data 

A 1 

Spare Parts (Motor 

Coach Components) 

Frequency of failure of the 

component 

A 3 

Spare Parts (Motor 

Coach Components) 
Effect of failure on rail vehicle 

B 5 

Spare Parts (Motor 

Coach Components) 

Reliability of maintenance 

data 

A 7 

Effect of failure on rail 

vehicle 

Frequency of failure of the 

component 

A 1/1 

Effect of failure on rail 

vehicle 

Spare Parts (Motor Coach 

Components) 

A 1/3 

Effect of failure on rail 

vehicle 

Reliability of maintenance 

data 

B 1/1 

Reliability of 

maintenance data 
Frequency of failure of the 

component 

A 1/3 
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Criteria 

More important Intensity 

A B 

Reliability of 

maintenance data 
Spare Parts (Motor Coach 

Components) 

B 1/5 

Reliability of 

maintenance data 
Effect of failure on rail vehicle 

B 1/7 

A pairwise comparison of relative importance was carried out between the selected 

factors that present the rating criteria as presented in Table 5.  

Table 5: AHP Pairwise Comparison 

Criteria Pairwise Comparison Matrix 

  

Impact of failure 
on rail vehicle 

Availability of 
Spare Part 

Frequency of failure 
of the component 

Reliability of 
maintenance 

data 

Impact of failure on 
rail vehicle 1.0 1.0 3.0 1.0 

Availability of Spare 
Part 1.0 1.0 3.0 3.0 

Frequency of failure 
of the component 0.3 0.3 1.0 1.0 

Reliability of 
maintenance data 1.0 0.3 1.0 1.0 
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The inputs into the matrix are informed by expert judgement presented in Table 5 

4.4.2.2 AHP Normalized Comparison 

The pairwise comparison matrix depicted in Table 5 was then normalized as per AHP 

methodology and presented in Table 6. 

Table 6: AHP Normalized 

Normalized Criteria Pairwise Comparison matrix 

  

Impact of 
failure on 

rail vehicle 

Availability of 

Spare Part 

Frequency of 

failure of the 

component 

Reliability of 

maintenance 

data 

Impact of 
failure on rail 

vehicle 

0.300 0.375 0.375 0.167 

Availability of 
Spare Part 

0.300 0.375 0.375 0.500 

Frequency of 

failure of the 

component 

0.100 0.125 0.125 0.167 

Reliability of 

maintenance 

data 

0.300 0.125 0.125 0.167 

Total 1.0 1.0 1.0 1.0 
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4.4.2.3 AHP Criteria Weights 

The results of the criteria weight highlight which factor/s is the most important when 

compared to one another: Availability of Spare parts with a weighted value of 0,388 

was found to be the most critical factor. The second priority of the factors under 

consideration being the Impact of failure on rail vehicle with a weighted score of 0,304 

followed by the Reliability of maintenance with a weighted score of 0,179 and lastly, 

Frequency of failure of the component with a weighted sore of 0,129. The criteria 

weight summed up to 1.000 (0.304+0.388+0.129+0.179) for this study. 

4.4.2.4 The Consistency of Data 

AHP calculations of weighted scores were carried out to determine the consistency 

ratio of the data to decide presented in Table 7. 

Table 7: AHP Weighted score 

  

Impact of 
failure on rail 

vehicle 

Availability of 

Spare Part 

Frequency 

of failure 

of the 

componen

t 

Reliability 

of 

maintenanc

e data 

Weighted 

Sum Value 

Impact of failure 
on rail vehicle 0.304 0.388 0.388 0.179 1.258 

Availability of 
Spare Part 0.304 0.388 0.388 0.538 1.617 

Frequency of 

failure of the 

component 0.101 0.129 0.129 0.179 0.539 

Reliability of 

maintenance data 0.304 0.129 0.129 0.179 0.742 
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The weighted sum values were multiplied by the criteria weights to get the ratio of each 

factor to input in the calculation of the consistency ratio. These ratios are then 

averaged to get the Eigen max value. The Eigen max value was calculated to be 4,155. 

This value was then used to calculate the Consistency index using the formula CI = 
ℷ−1
n – 1

– and the value as presented in Appendix  7 was 0,052. The Random index used 

for the study is 0.900 informed by the number of factors under consideration which is N 

= 4 as per the Table 2. The consistency ratio was calculated using the formula CR =  CI
RI

 

and the result presented in Appendix  7. The consistency ratio (CR) is 0.057, it 

indicates enough consistency for a decision/judgement as its value is < 0.10 (Saati, 

1980) as depicted in Appendix  7.  

4.4.2.5 The critical weights with respect to goal 

The critical weights with respect to goal were computed and the results are presented 

in Table 8. 

Table 8: AHP Criteria Weights 

Attributes Criteria Weights 

Impact of failure on rail vehicle 0.304 

Availability of Spare Part 0.388 

Frequency of failure of the 

component 
0.129 

Reliability of maintenance data 0.179 

4.4.2.6 Data consistency 

The consistency of data results indicated enough consistency for a decision/judgement 

as its value is < 0.10 (Saati, 1980) as consistency ratio (CR) is 0.057. 
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4.4.2.7 Attribute Ranking 

The attribute ranked as most critical is the availability of spare parts, followed by Impact 

of failure on rail vehicles, reliability of maintenance data and frequency of component 

failure respectively. 

4.4.3 Comparison of alternatives - application of AHP methodology in selecting the 

best maintenance strategy  

 The following steps outline comparison of the alternatives: 

4.4.3.1 The critical weights with respect to attributes - selecting the best maintenance 

strategy 

The critical weights with respect to attributes were computed and the results are as 

follows: 

Criteria 1 - AHP for the Impact of Component failure on rail vehicle  

Corrective maintenance strategy is the most preferred strategy when dealing with 

impact of component failure of a rail vehicle, followed by preventative maintenance and 

no maintenance, with the consistency ratio for the Impact of Component failure on rail 

vehicle of 0.025 < 0.100 @ RI = 0.058, n=3 meaning that the judgement is consistent. 

Criteria 2 - AHP for Availability of Spare Parts 

Preventative maintenance strategy is the most preferred strategy when looking at the 

availability of spare parts attribute, with consistency ratio for spare parts of 0.011 < 0.1 

@ RI = 0.058, n=3 therefore the judgement is consistent. 

Criteria 3 - AHP for Frequency of failure of the component 

Preventative maintenance strategy is the most preferred strategy when looking at the 

frequency of failure of the component attribute. The consistency ratio for frequency of 

failure attribute is 0.033 < 0.1 @ RI = 0.058, n=3 therefore the judgement is consistent. 
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Criteria 4 - AHP for Reliability of maintenance data 

Reliability of maintenance data, all the maintenance strategy objectives were found to 

be equally important. The consistency ratio is 0.000 < 0.1 @ RI = 0.058, n=3 therefore 

the judgement is consistent for this attribute. 

4.4.3.2 AHP decision result - Strategy Ranking 

The overall comparison of strategies result found that the most is preventative 

maintenance, the AHP has shown that the preventative maintenance best satisfies all 

the criteria and judgement. This strategy is followed by the corrective maintenance and 

No maintenance strategy being the least in the ranking.  

4.4.4 Comparison of alternatives - application of AHP methodology in selecting the 

most critical Component 

The following steps in comparison of alternatives in selecting the most critical 

components of AHP methodology is outlined: 

4.4.4.1 The critical weights with respect to attributes 

The critical weights with respect to attributes were computed and the results are as 

follows: 

Criteria 1 - AHP for the Impact of Component failure on rail vehicle  

The axle was found to be the most critical component followed by the panto, Traction 

Motor, Compressor, Inverter, MA, MG and Exhauster respectively when looking with 

impact of component failure of a rail vehicle. The consistency ratio for the Impact of 

Component failure attribute on rail vehicle of - 0.442 < 0.100 @ RI = 1.41, n=8 meaning 

that the judgement is consistent. 
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Criteria 2 - AHP for Availability of Spare Parts 

The axle was found to be the most critical component followed by panto, Traction 

Motor, Compressor, Inverter, MA, MG and Exhauster respectively when looking at the 

availability of spare parts of a rail vehicle. The consistency ratio for the Impact of 

Component failure attribute on rail vehicle of - 0.459 < 0.100 @ RI = 1.41, n=8 meaning 

that the judgement is consistent. 

Criteria 3 - AHP for Frequency of failure of the component 

The axle was found to be the most critical component followed by Traction Motor, 

panto, Compressor, MA, MG Inverter, and Exhauster respectively when looking at 

Frequency of failure of the component of a rail vehicle. The consistency ratio for the 

Impact of Component failure attribute on rail vehicle of - 0.703 < 0.100 @ RI = 1.41, 

n=8 meaning that the judgement is consistent. 

Criteria 4 - AHP for Reliability of maintenance data 

The axle was found to be the most critical component followed by Traction Motor, 

panto, Inverter, MA, Compressor, MG and Exhauster respectively when looking at 

reliability of maintenance data of a rail vehicle. The consistency ratio for the Impact of 

Component failure attribute on rail vehicle of - 0.616 < 0.100 @ RI = 1.41, n=8 meaning 

that the judgement is consistent. 

4.4.4.2 AHP decision – Component Ranking 

The most important component ranked in the study is the Axle, followed by the Panto, 

Traction Motor, Compressor, Inverter, MA, MG and Exhauster respectively. 

4.4.5 Validation of the Results (Delphi Method) 

The results of the study were validated using the Delphi method, this was carried out 

through structure interviews with the rail company senior personnel responsible for the 
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maintenance of the database. The following questions were asked to the rail company 

personnel and their comments thereof through structured interviews: 

1. What are your general comments on the data analysis report submitted? 

2. Is there a policy, process or procedure in place that outlining the data capturing 

requirements? 

3. Are there controls in place to ensure that data is captured correctly on the 

system? 

4. Do you report on the data captured on the rail company maintenance system? 

5. Were the personnel trained in capturing the data required? 

6. A component like a Panto, appears more than 900 times in a period of 4 years in 

corrective maintenance data, does that raise any alarms in the business? 

7. Is a prescribed format that data needs to be captured in? 

The responses from the respective personnel were as follows: 

1. Frequency of Component Failure  

A root cause analysis needs to be carried out on the frequency of failure for TM, this 

could be due to artisan incompetence and thus may need to train  

2. Reliability of maintenance data 

The depot needs to distribute failure report and analyze it on a frequent basis to carry 

out the root cause analysis of component failures. The rail company needs to further 

investigate the quality of data captured and request the Non-conforming Report (NCR) 

from supplier of part for analysis. Engineering technicians need to start monitoring the 

failure rate of Traction Motors 

3. Availability of Spare parts 

The issue of spare parts that are used more than once as replacement parts cause a 

major concern as general lifespan of a part once refurbished is 5 years, this will need to 

be looked at. A process to manage the issue of serial numbers also needs to be looked 

at for ease of tracking the parts. This will include but not limited to looking as to why 

spare parts serial numbers are removed and how to manage the process better. 
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4. Pantographs 

The procedure in place for pantographs is such that when a coach leaves the depo and 

when it returns to the depo, pantograph needs to be check and measured and adjusted 

by the artisans as a preventative maintenance measure. The high failure of panto over 

the period is alarming and a course for concern and thus will need to revise the rail 

company’s maintenance strategy. 

5. General Concerns 

The data analysis report has shown gaps in the daily operations of carrying out the 

maintenance of components of rail vehicles in the business. The potential cost saving 

that can be achieved if tasks are carried out correctly and the competence of the 

artisans in carrying out their duties.  The rail company needs to consider capacitating 

the business to ensure continuous improvement once all the processes, procedures 

are in place and artisans are trained in the work. The system inputs will need to be 

revised to suite operational needs and reduce manual input. 

 

  



Thobela Mohono 
 

Page 40 of 89 
 

Chapter 5 – Discussion 

5.1 Introduction 

This chapter discusses the outcomes of the study that are presented in Chapter 4 – 

Results and Analysis. The discussion is limited to the data analysis carried out and the 

application of AHP methodology results. 

5.2 Discussion on the data analysis results 

Data analysis of component failure data was carried out on the following components: 

axle, compressor, exhauster, inverter, Motor Alternator (MA), Motor generator (MG), 

Pantograph (panto) and a Traction motor (TM). The attributes considered were: 

Reliability of the maintenance data sourced from the Rail Company database the and 

overview of the data analysis: 

5.2.1 Reliability of Maintenance Data (captured on the Rail Company system) 

The data collected for analysis were downloaded directly from the Rail Company 

database in an excel format after getting permission to use for scholarly advances from 

a representative of the organization. Other information sought was from literature and 

was collected from referenced journals and books to meet the reliability of data and 

information collected in this study. The reliability of maintenance data was grouped into 

the capturing of reliability of motor coach data and reliability of component data:  

5.2.1.1 Reliability of Motor Coach data captured 

The reliability of motor coach data captured in the Rail Company database pertaining to 

the category of motor Coaches can be ascertained in Appendix  3. The number that 

appears in the category “Vehicle number” which identifies the coaches affected is 551, 

however 136 inserts were found to be blank which can translate to added number of 

coaches. These 136 blank inserts in the “Vehicle number” category only had 

information of components replaced/removed in the data analyzed. In these motor 
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coaches represented in 551, maintenance of components was carried out more than 

once a year on either same component or different components.  

5.2.1.2 Reliability of Component data captured 

The reliability of component data that was by the rail company’s personnel is 

ascertained from information broken down and analyzed in Appendix  4. The 

components name is captured in different formats and so is not clean data. This data 

were cleaned over a period and have been reduced to these common parts names for 

uniformity, however there were components which could not be classified (unknown) 

into what category the belong as the data captured gave no indication of its component 

name. 

The data in Appendix  4 is broken down into four (4) categories:   

1. Where there is no information provided on the field (Blank Information) 

2. Where there is a combination of text and numbers as unique identifier 

(Combination (Text and Numbers) 

3. Where there is text only as a unique identifier (Text) 

4. Where there are numbers only as unique identifiers (Numbers only) 

5.2.2 Overview of the data analysis results 

Data reliability results show that there is poor data capturing of the maintenance data in 

the maintenance system. The frequency of component failure is not consistent 

considering that in a period of 4 years, components appear as refurbished parts more 

than once even though the lifespan of a refurbished part is given as 5 years. In 

addition, some component appearing in this data are not supposed to be reported 

under corrective maintenance as the company standard is such that preventative 

maintenance is the strategy deployed to monitor them, for example, a panto. Clearly 

the standard of capturing data in the rail company’s maintenance system is not 

adhered to. This anomaly is highlighted by (Eryilmaz, 2018) that by Improper location 

and guidance of components constitutes an important mode of failure often ignored in 
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mechanical engineering practice. This is evident in that the data captured is not 

consistent and, in some cases, missing. This could be due to lack of training for the 

personnel capturing the data and lack of monitoring of the quality of data entered into 

the system. Components that do not get refurbished such as the panto and inverter 

should not have high failure rates enlisted in corrective data maintenance database. 

This can be enforced by following preventative maintenance procedures. 

5.3 Discussion on the AHP methodology results 

5.3.1 Application of AHP methodology in selecting the best maintenance strategy 

The results of the AHP methodology carried out in selecting the best maintenance 

strategy found that the preventative maintenance strategy is the best approach when 

dealing with rail vehicle components overall. This is generally accepted considering 

that the rail vehicles always need to be in service as down times has major cost impact 

on the business if maintenance is not planned. However, in that approach, one cannot 

eliminate failure completely that informs the deployment of corrective maintenance 

strategy. Data is critical in analyzing trends and pointing out areas of improvement and 

the results support that statement in ranking all the strategies as equally important 

when it comes to reliability of data captured. The availability of spare parts is critical in 

the business to minimize downtime when encountered with a failure or fault. The AHP 

methodology first ranked the factors under consideration and found the analysis to be 

consistent in decision making as per value of consistency ratio calculated.  

This showed that the most important factor was the availability of spare parts; followed 

by impact of failure on rail vehicle, reliability of maintenance data and the frequency of 

failure respectively. These findings are consistent with the main task of the 

maintenance team as they need parts to be available to carry out the work. If this is 

done then the least ranked factor, frequency of failure can be avoided as it will be 

maintained according to maintenance schedule. These factors where used in ranking 

the overall strategy, preventative maintenance strategy. Implementation of the AHP 

approach can assist in prioritizing the strategy to be deployed to stay productive and 

avoid any financial losses in the business. The results of the AHP methodology are 
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consistent with other literature in rating preventative strategy as the best approach for 

rail vehicle components.  

The following computations were presented to arrive at decision: 

1. Pairwise Comparison of the criteria with respect to the goal 

2. Pairwise comparison, comparing the alternatives with respect to the goal - 

Selection of the best maintenance strategy. 

3. Pairwise comparison, comparing the alternatives with respect to the goal - 

Selection of the best maintenance strategy. 

5.3.1.1 Pairwise comparison, comparing the alternatives with respect to the goal - 

Selection of the best maintenance strategy. There criteria’s that were 

considered in the study are:   

Criteria 1 - AHP for the Impact of Component failure on rail vehicle  

The expert judgements that informed the comparisons of criteria used in the AHP 

computations are presented as input in Appendix  8 using Table 1 for the selected 

alternatives. The vector of criteria weights was computed, and the results are pulled 

from the computations and the results are presented in Appendix 1, and finally 

Appendix 2 that shows Corrective maintenance strategy is the most preferred strategy 

when dealing with impact of component failure of a rail vehicle, followed by 

preventative maintenance and no maintenance. The Consistency ratio for the Impact of 

Component failure on rail vehicle is 0.025 < 0.100 @ RI = 0.058, n=3 meaning that the 

judgement is consistent. 

Criteria 2 - AHP for Availability of Spare Parts 

The expert judgements that informed the comparisons of criteria used in the AHP 

computations for Spare Parts are presented as input in Appendix  11 using Table 1 for 

the selected alternatives. The vector of criteria weights was computed and the results 

are pulled from the computations presented in Appendix  11, Appendix  12 and finally 

Appendix  13 that depicts that Preventative maintenance strategy is the most preferred 
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strategy when looking at the availability of spare parts attribute. The consistency ratio 

for spare parts is 0.011 < 0.1 @ RI = 0.058, n=3 therefore the judgement is consistent. 

Criteria 3 - AHP for Frequency of failure of the component 

The expert judgements that informed the comparisons of criteria used in the AHP 

computations for the Frequency of failure of the component are presented as input in 

Appendix  14 using Table 1 for the selected alternatives. Thee vector of criteria weights 

was computed and the results are pulled from the computations presented in Appendix  

14 and finally Appendix  16 that illustrates that Preventative maintenance strategy is 

the most preferred strategy when looking at the frequency of failure of the component 

attribute. The consistency ratio for frequency of failure attribute is 0.033 < 0.1 @ RI = 

0.058, n=3 therefore the judgement is consistent. 

Criteria 4 - AHP for Reliability of maintenance data 

The expert judgements that informed the comparisons of criteria used in the AHP 

computations for Spare Parts are presented as input in Appendix  17 using Table 1 for 

the selected alternatives. The vector of criteria weights was computed and the results 

are pulled from the computations presented in Appendix  17,and finally Appendix  19 

that illustrates that comes to the reliability of maintenance data, all the maintenance 

strategy objectives are equally important. The consistency ratio for frequency of failure 

attribute is 0.000 < 0.1 @ RI = 0.058, n=3 therefore the judgement is consistent. 

5.3.2 Making the decision (Best Maintenance Strategy) 

In this comparison the sub criteria were used to compare the maintenance strategy 

rankings. The PV factors calculated for all the criteria are then used as inputs in the 

AHP results presented in Appendix  20. The weighted scores are calculated using the 

formula MMult (PV factors) in excel to get the values presented in Appendix  20 that 

inform the ranking of each strategy. The Final criticality rank of the maintenance 

strategies  obtained by the by AHP methodology highlighted in Appendix  20 shows 

that the most important strategy with the weighted score of 0.468 is preventative 
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maintenance, the AHP has shown that the preventative maintenance best satisfies all 

the criteria and judgement. This strategy is followed by the corrective maintenance with 

the weighted score of 0.40 and No maintenance strategy with weighted score of 0.13. 

The decision is to prioritize the strategy that best satisfies all the criteria and 

judgements in these attribute factors.  

5.3.3 Application of AHP methodology in selecting the most critical component 

The Final criticality rank of equipment was obtained by applying the AHP methodology 

and it was found that the most important component with the weighted score of 0.433 is 

the Axle, as it best satisfies all the criteria and judgement. This component is then 

followed by the Panto with the weighted score of 0.264; followed by the Traction Motor 

at 0,216; Exhauster with the score of 0.215; MA with the score of 0,124; Inverter with 

the lowest score of 0,121; Compressor with the lowest score of 0,118; MG with the 

lowest score of 0,106. The decision is to prioritize the component that best satisfies all 

the criteria and judgements using the maintenance strategy expectation index weights 

with the best maintenance strategy Preventative Maintenance. The global priorities 

obtained were used for ranking of the alternatives and selection of the best 

maintenance strategy to be deployed. 

The following computations were presented to arrive at decision: 

1. Pairwise comparison, comparing the alternatives with respect to the goal - Selection 

of the most critical Component. 

5.3.3.1 Pairwise Comparing the alternatives with respect to the goal - Selection of the 

critical rail vehicle component. There four (4) criteria considered in the study 

are the same as the ones considered in the selection of best maintenance 

strategy. 

Criteria 1 - AHP for the Impact of Component failure on rail vehicle  
The expert judgements that informed the comparisons of criteria used in the AHP 

computations are presented as input in Appendix  21 using Table 1 for the selected 

alternatives. The vector of criteria weights was computed and the results are pulled 
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from the computations presented in Appendix  21, Appendix  22, and finally Appendix  

23 that shows Axle as the most critical component when considering the impact of 

component failure of a rail vehicle followed by Panto, TM, Compressor, Invertor, MA, 

MG, and exhauster respectively. The Consistency ratio for the Impact of Component 

failure on rail vehicle is -0.442 < 0.100 @ RI = 1.41, n=8 meaning that the judgement is 

consistent. 

Criteria 2 - AHP for Availability of Spare Parts 

The expert judgements that informed the comparisons of criteria used in the AHP 

computations for Spare Parts are presented as input in Appendix 12 using Table 1 for 

the selected alternatives. The vector of criteria weights was computed and the results 

are pulled from the computations presented in Appendix 12, Appendix 13 and finally 

Appendix 14 that depicts that the Axle as the most critical component when considering 

availability of spare parts attribute followed by Panto ,TM , Compressor, Invertor, MA, 

MG, and exhauster respectively. The consistency ratio for spare parts is -0.459 < 0.1 

@ RI = 1.41, n=8 therefore the judgement is consistent. 

Criteria 3 - AHP for Frequency of failure of the component 

The expert judgements that informed the comparisons of criteria used in the AHP 

computations for the Frequency of failure of the component are presented as input in 

Appendix 25 using Table 1 for the selected alternatives. The vector of criteria weights 

was computed, and the results are pulled from the computations presented in Appendix 

25, Appendix  28 and finally Appendix  29 that illustrates that depicts that the Axle as 

the most critical component when considering frequency of failure of the component 

attribute followed by TM, Panto, Compressor, MA, MG, Invertor and exhauster 

respectively. The consistency ratio for frequency of failure attribute is -0.703 < 0.1 @ RI 

= 1.41, n=8 therefore the judgement is consistent. 

Criteria 4 - AHP for Reliability of maintenance data 
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The expert judgements that informed the comparisons of criteria used in the AHP 

computations for Spare Parts are presented as input in Appendix  30 using Table 1 for 

the selected alternatives. The vector of criteria weights was computed and the results 

are pulled from the computations presented in Appendix  30, Appendix 29 and finally 

Appendix  32 that the Axle is the most critical component when considering the 

reliability of maintenance data attribute followed by TM, Panto, Invertor , MA, 

Compressor and MG respectively. The consistency ratio for frequency of failure 

attribute is 0.616 < 0.1 @ RI = 1.41, n=8 therefore the judgement is consistent.   

5.4 Overview of results 

Microsoft Excel 2010 was used to analyze the compiled AHP data set. The expert 

judgement table was compiled informed by the AHP scale of importance table and 

expert advice; these values were used to construct pairwise comparison matrices for 

the factors. The critical weights were calculated for the factors and the results shows its 

priority in the ranking of critical factors can be identified that the most important factor is 

the availability of spare parts with the criteria weight of 0.388, followed by the impact of 

failure on rail vehicle with 0.304 and the reliability of maintenance data with 0.179. The 

least important factor is the frequency of failure of the component with 0.129. The 

criteria weight summed up to 1.000. The CR calculated is lower than the acceptable 

limit of 1.0 at 0.057, thus the pairwise judgment was found to be consistent.  

The Final criticality rank of alternatives obtained by the by AHP methodology is 

highlighted in Appendix  20 with preventative maintenance being the best strategy 

overall: When considering the availability of spare parts factor, preventative 

maintenance strategy is the best strategy to be implemented. When considering the 

impact of failure on rail vehicle factor, corrective maintenance strategy is the best 

strategy to be deployed. Whilst the reliability of maintenance data factor has shown 

equal importance for all strategies under investigations. And finally, the frequency of 

failure of the component factor, corrective maintenance strategy is the best strategy to 

be implemented. The Final criticality rank of alternatives obtained by the by AHP 
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methodology is highlighted in Appendix  33 with the axle being the most critical 

component overall and including when considering all attributes. 
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Chapter 6 – Conclusion and Recommendations 

6.1 Introduction 

This chapter concludes the study outcomes; outlines research limitations, states 

significance of the study and recommends future work.  

6.2 Conclusion 

The research conducted in this study promotes the use of the AHP methodology when 

selecting the best maintenance strategy for a rail vehicle component and in determining 

the most critical component. The results in the selection of the best maintenance 

strategy are presented as it was found that preventative maintenance strategy is the 

best overall strategy together with the results of the AHP analysis conducted on rail 

components which were represented in the Rail Company data collected and the 

ranking of the most critical component being the axle using AHP methodology. The 

objectives of the research were met in that:  

Objective 1 sought to select the most appropriate maintenance strategies for the motor 

coaches’ components and the most critical component using AHP methodology  

 the most appropriate maintenance strategy for the motor coaches’ components was 

identified as the preventative maintenance strategy and the most critical component 

was also identified as the Axle using AHP methodology. 

Objective 2 sought to develop the general framework based on AHP for the selection of 

optimum maintenance strategy for motor coach components 

 The general framework based on AHP for the selection of optimum maintenance 

strategy for motor coach components was developed and used to select the most 

appropriate maintenance strategies for selecting the motor coaches’ critical 

component. 

Objective 3 sought to validate the AHP algorithm results using the Delphi methodology 
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 The results of the study were validated using the Delphi method, this was carried out 

through structured interviews with the rail company senior personnel responsible for 

the maintenance of the database. 

On the other hand, the research question was: How AHP algorithm can be used in 

selecting the best maintenance strategies for motor coach components?  

The research question was addressed as AHP methodology was carried out in 

selecting the best maintenance strategies for motor coach components. The purpose of 

the study to address decision making ability in the selection of an optimum 

maintenance strategy for motor coach components was reached and results presented 

that preventative maintenance strategy is the most appropriate maintenance strategies 

for the selection of motor coaches’ components. The results of the study are consistent 

with literature as the study by (Cheng, et al., n.d.) adopted the Analytical network 

Process (ANP) methodology in concluding that preventative maintenance strategy was 

superior than the other two maintenance strategies with maintenance strategy index 

values of 0.607; 0.244 and 0.149 respectively. 

6.3 Significance of the Study 

The significance of the study is that it supports other studies that preventative 

maintenance is the best maintenance strategy and axle ranked as most critical 

component in a rail vehicle. This contributes in developing knowledge in the field of 

study as AHP methodology has been demonstrated as a necessary tool in selecting 

the best maintenance strategy and determining the criticality of components in 

question. 

6.4 Research Limitations 

The maintenance data provided by the rail company did not have a clear indication of 

the maintenance strategy deployed for each component removed. The data captured 

were not consistent and did not include timelines of when a coach was scheduled for 

the removal of a given part and when it was replaced and sent back to production. The 

data presented needed to be cleaned up before it could be used for analysis with a lot 
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of unknowns presented. The components data provided were limited to corrective 

maintenance data, this was indicated by the maintenance personnel only when 

presenting the data analysis report to the rail company personnel. The quality of data 

provided therefore could not be used directly as inputs in the AHP methodology and 

thus limited the ability to answer effectively to the research question without using 

expert advice. Poor data capturing results in poor methods of data collection. The 

proposed methodology in selecting the best maintenance strategy could be even more 

relevant if the inputs in judgement were based wholly on maintenance data rather than 

expert judgement, hence it may need validation by implementation. 

6.5 Further Research 

Further research is needed in addressing the limitations of this study. The following 

studies are proposed in particular: The correlation of failure data and reliability analysis 

of maintenance schedule within preventative maintenance strategy and reliability 

centered maintenance. 

6.6 Recommendations 

The AHP methodology provides an effective guide for the rail company operations to 

adopt when making maintenance strategy decisions to set priorities and thus making 

the best decision. It is recommended that the model be introduced to the responsible 

personnel for consideration in implementation in the business. The rail company will 

need to review their processes, procedures and align to the system requirements to 

ensure it guides improvement and cost saving for the business. It is further 

recommended that the rail company offers training to the data capturing personnel on 

what to capture and how to capture. The system in use needs to be further developed 

such that it produces production reports on the data captured for effective monitoring of 

parts removal and replacement on rail vehicles. AHP methodology can also be used to 

rank the critical components in the business using the data presented   



Thobela Mohono 
 

Page 52 of 89 
 

 

References 
Alreck, P. L., 1985. The survey Research handbook. illinois: Richard Irwin. 
Ana, C. P. & Rodriguez-Escudero, I., 2015. The individual effects of process control and 
process based rewards on new product performance and job satisfaction. BRQ Business 
Research qQarterly, Issue 36, p. 14. 
Angie, H. & Susan, C., 1992. Where to Now in New Product Development Research?. 
European Journal of Marketing, 26(11), pp. 2 - 49. 
Asbjørn, B., Iris, R. P., Glenn, T. & Schiefloe, M., 2014. Understanding project success through 
analysis of project management approach. International Journal of Managing Projects in 
Business, 7(4), pp. 638 - 660. 
Asekun, O. & Fourie, C., 2015. Selection of a decision model for rolling stock maintenance 
scheduling. South african journal of industrial engineering, 26(1), pp. 135-149. 
Aslam‐Zainudeen, N. & Labib, A., 2011. Practical application of the Decision Making Grid 
(DMG). Journal of Quality in Maintenance Engineering, 17(2), pp. 138-149. 
Balachandra, R. & Friar, J., 1997. Factors for success in R & D projects and new product 
innovation: a contextual framework. IEEE Transactions on Engineering Management, 44(3), 
pp. 276-287. 
Barczak, G. & B.Kahn, K., 2012. Identifying new product development best practice. Business 
Horizons, Issue 55, pp. 293-305. 
Bassani, C. et al., 2010. Measuring performance in R&NPD. European Journal of Innovation 
Management, 13(4), pp. 481 - 506. 
Benedetto, R., Calantone, J. & Di, C. A., 2007. Clustering product launches by price and launch 
strategy. Journal of Business & Industrial Marketing, 22(1), pp. 4-19. 
Benedetto, T., Calantone, C. J. & Anthony, D., 2007. Clustering product launches by price and 
launch strategy. Journal of business and Industrial marrketing, 22(1), pp. 4-19. 
Bergman, M. M., 2008. Advances in Mixed Methods Research. Bangalore: SAGE publications. 
Bessant, J. T. & John, 2009. Managing Innovation : Intergrating Technological, market and 
Organizational Change. haddington: Wiley. 
Biggam, J., 2008. Succeeding with your Masters Dissertation: A step by step handbook. 1 ed. 
Berkshire: Mcgraw- Hill. 
Bird, J. & AJC, M., 1981. Statistics for technicians. New York: Longman. 
Burhanuddin, Ghani, Ahmad, A. & Izzah, Z. A. A. a. Z., 2014. Reliability Analysis of the 
Failure Data in Industrial Repairable Systems due to Equipment Risk Factors. Applied 
Mathematical Sciences,, 8(31), pp. 1543 - 1555. 
Chan, E., Albert, W. L., Chan, P. & W.M., D., 2007. Benchmarking the performance of design 
build projects. Benchmarking: An International Journal, 14(5), pp. 624 - 638. 
Cheng, Y.-S., Yang, A. S. & Tsao, H.-L., n.d. Study on rolling stock maintenance strategy and 
spares parts management, Taiwan: National Kaohsuing fisrt University of science and 
technology. 
Chen, H.-L., 2005. A competence- based strategic management model factoring in key success 
factors and benchmarking. Benchmarking: An international journal, 12(4), pp. 364-382. 
Chen, Y. & Pei‐Ni Huang, 2007. Bi-negotiation integrated AHP in suppliers selection. 
Benchmarking: An International Journal, 14(5), pp. 575-593. 



Thobela Mohono 
 

Page 53 of 89 
 

Chuang, C., Sharlene, A., Narayan, S. & Sharon, B., 2016. How Management Control Practices 
Enable Strategic Alignment during the Product Development Process. Advances in Management 
Accounting, Issue Online, pp. 99-138. 
Cohen, A. & Harriet, S., 2004. Successfully launching your products: getting it right. Handbook 
of business Strategy, 5(1), pp. 263-268. 
Conradie, P., Fourie, C., Vlok, .. & Treurnicht, N., 2015. Quantifying system reliability in rail 
transportation in an aging fleet environment. South African Journal of Industrial Engineering, 
26(2), pp. 128-142. 
Cooper, D. & Schindler, P. S., 2010. Business Research Methods. New York: McGraw-
Hill/Irwin. 
Cooper, R. G., 2009. How companies are reinventing their Idea- launch methodologies. Product 
Development Institute Inc, 52(38), pp. 47-57. 
Costa, A. L. B. & Balduino, Â. R., 2018. The Importance of Preventive and Corrective 
Maintenance in Works. International Journal of Advanced Engineering Research and Science, 
5(5), pp. 72-76. 
Crawford, M. M. & Wright, G., 2016. Delphi Method. In: Wiley StatsRef: Statistics Reference 
Online. s.l.:John Wiley & Sons, Ltd., pp. 1 - 6. 
Creswell, J. & Clark, P., 2018.  
Creswell, J., Clark, W. & Plano, V. L., 2011. Analyzing and interpreting data in mixed methods 
research. In: Designing and Conducting Mixed methods Research. London: SAGE Publications, 
pp. 203-220. 
Creswell, J. W., 2003. Research Design: qualitative, Quantitative, and mixed methods 
Approaches 2nd edition. Lincoln: SAGE publications. 
Creswell, J. W. & Clark, V. L. P., 2011. Analyzing and interpreting data in mixed methods 
research. In: Designing and Conducting Mixed methods Research. London: SAGE Publications, 
pp. 203-220. 
Dacko, S. G., 2000. Benchmarking competetive responses to pioneering new product 
introductions. Benchmarking: An International Journal, 7(5), pp. 324-342. 
Dekker, R. a. S. P., 1998. On the Impact of optimization models in maintenance decision 
making: the state of the art. Reliability Engineering and System Safety, Volume 60, pp. 111-119. 
Douglas, N. H., Rick, J. A., Ridnour, E. & Gordon, G. L., 1995. New product development 
practices in consumer versus business products organizations. Journal of Product & Brand 
Management, 4(1), pp. 33 - 55. 
Downes, T. C. & John, S., 2013. Developing a business process for product development. 
Business Process Management Journal, 19(4), pp. 715 - 736. 
Driscoll, D. L., Appiah-Yeboah, A., Salib, P. & Rupert, D. J., 2007. Merging Qualitative and 
Quantitative Data in Mixed Methods. Ecological and Environmental Anthropology , 3(1), pp. 
19-28. 
du Toit, A., J.L, J. & Conradie, P., 2019. Improving the response space time for the corrective 
maintenance of rail infrastructure: A case study of the western Cape passenger rail network. 
South African Journal of Industrial Engineering, 30(1), pp. 235-247. 
Eryilmaz, S., 2018. The number of failed components in a k -out-of- n system consisting of 
multiple types of components.. Reliability Engineering & System Safety, 175(10), p. 1016. 
Fong, S.-W., 2000. Final contractor selection using analytical hierarchy process. Construction 
management and economics, 18(45), pp. 547-55. 



Thobela Mohono 
 

Page 54 of 89 
 

Fourie, C. & Tendayi, T., 2016. A decision making framework for effective maintenance 
management using life cycle costing (LCC) in a rolling stock management. South African 
Journal of Industrial Engineering, Vol 27(4), pp. 142-152. 
Grant, D., 2016. Business analysis techniques in business reengineering. Business Process 
Management Journal, 22(1), pp. 75 - 88. 
Gravetter, F. & & Wallnau, L. B., 1995. Essentials of Statistics for the Behavioral Sciences. 2nd 
edition. New York: West Publishing Company. 
Graziano, A. & M. Raulin, M. L., 2013. Hypothesis Testing, Validity and Threats to validity. In: 
Research Methods: A process of Enquiry. Upper Saddle River: Pearson, pp. 168 - 183. 
Greenfield, T., 1996. Presenting your Research: reports and talks. In: Research Methods: 
Guidance for postgraduates. New York: John Wiley and Sons, pp. 7 - 11. 
Greenfield, T., 1996. Research Methods. New york: Arnold. 
Grobbelaar, S. S., 2007. R&D in the National System of Innovation: a System Dynamics Model , 
Pretoria: University of Pretoria. 
Haldar, A. et al., 2017. 3PL evaluation and selection using integrated analytical modeling. 
Journal of Modelling in Management, 12(2), pp. 224-24. 
Handfield, R. & Walto, S., 2001. Applying enviromental criteria to supplier assessment: A 
study in the application of the Analytical Heirachy Process. European Journal of Operational 
Research, Volume 141, p. 70 to 87. 
Hao, Z., Zeng, S. & Guo, a. J., 2015. Bayesian method for system reliability assessment of 
overlapping pass/fail data. Journal of Systems Engineering and Electronics, 26(1), p. 208–214. 
Harmsen, B. J., 2001. Implementation of success factors in new product development – the 
missing links?. European Journal of Innovation Management, 4(1), pp. 37 - 52. 
Hesse-Biber, S. N., 2010. Mixed Methods Research: Merging Theory with Practice. 1 ed. New 
York: The guilford Press. 
Hesse-Biber, S. N., 2010. What are mixed methods?. In: Mixed Methods Research: Merging 
theory with practice. New York: The Guilford Press, pp. 35-38. 
Holmgren, M., 2005. Maintenance-related losses at the Swedish Rail. Journal of Quality in 
Maintenance Engineering, 11(1), pp. 5-18. 
Homburg, C. & Kuehnl, C., 2014 . Is the more always better? A comparative study of internal 
and external integration practices in new product and new service development. Journal of 
Business Research, Volume 67, p. 1360–1367. 
Jagtapa, H. & Bewoorb, A., 2017. Use of Analytic Hierarchy Process Methodology for 
Criticality Analysis of Thermal Power Plant Equipments. 5th International Conference of 
Materials Processing and Characterization (ICMPC 2016), Issue 4, p. 1927–1936. 
Janes, J., 1999. Descriptive statistics: where they sit and how they fall. Library Hi Tech, 17(4), 
pp. 402-409. 
Johne, P. H., 2003. Creating a project climate for successful product innovation. European 
Journal of Innovation Management, 6(2), pp. 118 - 132. 
Kodali, R. & Vinayak, K., 2014. The relationship between NPD Innovation and NPD 
performance: the moderating role of NPD best practics in Indian Manufacturing Industry. 
Measuring Business Excellence, 18(2), pp. 39-59. 
Kour, R., Tretten, P. & Karim, R., 2014. eMaintenance solution through online data analysis for 
railway maintenance decision making. Journal of Quality in Maintenance Engineering, 20(3), 
pp. 262-275. 
Kumar, R., 1996. establishing the validity and reliability of a research instrument. In: Research 
Methodology: A step by step guide for beginners. Carlifonia: Sage publications, pp. 8 - 10. 



Thobela Mohono 
 

Page 55 of 89 
 

Kumar, R., 2005. Research methodology: A step by step guide for beginners. Second Edition ed. 
Carlifonia: Sage publications. 
Kumar, w. C., Vinod, M. & Uma, K., 2010. Identifying some critical changes required in 
adopting agile practices in traditionsal software development projects. International journal of 
Quality and Reliability Management, 27(4), pp. 451- 474. 
Lagrosen, S., 2005 . Customer involvement in new product development. European Journal of 
Innovation Management, 8(4), pp. 424 - 436. 
Lin, S. & Lu, M., 2012. Characterizing disagreement and inconsistency in experts' judgments in 
the analytic hierarchy process. Management Decision, 50(7), pp. 1252-1265. 
Lo, K. K., Hui, E. C., H, R. & Ching, F., 2013. Analytic hierarchy process approach for 
competitive property management attributes. Facilities, 31(1/2), pp. 84-96. 
Matikainen, M. et al., 2015. Effective Implementation of relationship orientation in new product 
launches. Industrial Marketing Management, Volume 45, pp. 35-46. 
McIntyre-Bhatty & Tim, S. S., 2002. The “Belbin” team role inventory: reinterpreting reliability 
estimates. Journal of Managerial Psychology, 17(6), pp. 529 - 536. 
Mulder, W., Basten, R., J.M, J. B. & Van Dongen, L., 2013. Work in progress: developing tools 
that support the design of easily maintainable rolling stock. 2nd International Through-life 
Engineering Services Conference , p. 204 – 206 . 
Nikolaos, A. & Panagiotis, L., 2016. Regional parameters and solar energy enterprises: 
Purposive sampling and group AHP approach. International Journal of Energy Sector 
Management, 10(1), pp. 19-37. 
Nur, T., Azila Raja Mamat, M. Z. & Mat Saman, S. S. V. S. a. D. A. W., 2018. Development of 
a performance evaluation tool for end-of-life vehicle management system implementation using 
the analytic hierarchy process. Waste Management & Research, 36(12), p. 1210 – 1222. 
Olsen, W., 2012. Data Collection: Key Debates and methods in social Research. 1 ed. 
Carlifonia: Sage publications. 
Page, A., 1993. Assessing new product development practices and performance: establishing 
crucial norms. Journal of Product Innovation Management, 10(2), pp. 273-290. 
Pallant, J., 2010. SPSS Survival Manual: A step by step guide to data analysis using SPSS for 
Windows. s.l.:McGraw-hill. 
Park, Y. H., 2010. A study of risk management and performance measures on new product 
development. Asian Journal on Quality, 11(1), pp. 39-48. 
Parvaneh, F. & El-Sayegh, S. M., 2016. Project selection using the combined approach of AHP 
and LP. Journal of Financial Management of Property and Construction, 21(1), pp. 39-53. 
Patton, M. Q., 2015. Qualitative Research & Evaluation Methods. Fourth Edition ed. Los 
Angeles: Sage Publications. 
Pawar, H. R., Ghauri, P. & S., K., 2005. Measuring international NPD projects: an evaluation 
process. Journal of Business & Industrial Marketing, 20(2), pp. 79 - 87. 
Peres, F. & Noyes, D., 2003. Evaluation of a Maintenance Strategy by the Analysis of the Rate 
of Repair. Quality and Reliability Engineering International, 19(2), pp. 129-148. 
Perks, J. N. & Helen, A. L., 2011. New product development best practices in SME and large 
organisations: theory and practice. European Journal of Innovation Management, 14(2), pp. 
227-251. 
Plowright, D., 2011. Using Mixed Methods: frameworks for an intergrated Methodology. 1 ed. 
carlifonia: Sage publications. 
Pour, M. J., Hosseinzadeh, M., Azar, M. B. & Taher, F., 2017. Developing a new framework for 
evaluating e-learning systems: integrating BSC and FAHP. Kybernetes. 



Thobela Mohono 
 

Page 56 of 89 
 

Prentice, D., Cravens, W., F, N. & Ashley, P., 2000. Developing market-driven product 
strategies. Journal of Product & Brand Management, 9(6), pp. 369 - 388. 
Putkiranta, A., 2012. Benchmarking: A longitudinal study. Baltic Journal of Management, 7(3), 
pp. 333-348. 
Rama, H. & Paul, Y., 1996. Global markets and the new product development process. Journal 
of Product & Brand Management, 5(6), pp. 38 - 47. 
Ratnayake, C. & Tore, M., 2010. Technical integrity management- measuring HSE awareness 
using AHP in selecting a maintenance Strategy. Journal of Quality in Maintenance 
Engineering, 16(1), pp. 44-63. 
Reid, M. & Hammersley, R., 2000. Communicating Successfully in Groups - A practical guied 
for the workplace. london: Routeledge. 
Rezvanizaniani, S. et al., 2008. Reliability Centered Maintenance for Rolling Stock:A Case 
Study in Coaches’ Wheel sets of Passenger Trains of Iranian Railway.. Proceedings of the 2008 
IEEE IEEM, pp. 516-520. 
Ribeiro, A., Duarte, frank, G. & Luis, J., 2013. Influence factors and process stages of 
knowledge transfer between NPD teams. International Journal of Quality & reliability 
Managemment, 31(3), pp. 222-237. 
Robbins, S. P. & Judge, T. A., 2015. Organizational Behaviour. North America: Pearson. 
Roberto, S. & Thomas, A., 2010. Identifying improvement areas when implementing green 
initiatives using a multitier AHP approach. Benchmarking: An International Journal, 17(3), pp. 
452-463. 
Saati, L., 1980. The Analytic Hierarchy Process. New York: McGraw-Hill. 
Saaty, T. L., 2008. Decision Making with Analytical heirachy process. International Journal 
Services Science, 1(1), pp. 83- 98. 
Selçuk Perçin, 2006. An application of the integrated AHP-PGP model in supplier selection. 
Measuring Business Excellence, 10(4), pp. 34-49. 
Settle, P., Robert & Alreck, B. L., 1985. The Survey Research Handbook. United States of 
America: Rechard D.Irwin INC. 
Shafiee, M., 2015. Maintenance strategy selection problem: an MCDM overview. Journal of 
Quality in Maintenance Engineering, 21 (4), pp. 378-402. 
Sharma, R. K. & Pooja, S., 2010. System failure behavior and maintenance decision making 
using, RCA, FMEA and FM. Journal of Quality in Maintenance Engineering, 16(1), pp. 64-88. 
Shivraman, K., Vinodh, S. & Viswesh, S., 2011. AHP-based lean concept selection in a 
manufacturing organization. Journal of Manufacturing Technology Management, 23(1), pp. 
124-136. 
Shyjith, K., llangkumaran, M. & S, K., 2008. Multi-criteria decision-making approach to 
evaluate optimum maintenance strategy in textile industry. Journal of Quality in Maintenance 
Engineering, 14(4), pp. 375-386. 
Sihn, U., 2006. A concept for knowledge transfer between new product projects in the 
automotive industry. CIRP, 55(1). 
Singh, A. K., 2016. Competitive service quality benchmarking in airline industry using AHP. 
Benchmarking: An International Journa, 23(4), pp. 768-791. 
Singh, Sheri-Lynne, Parbudyal & Leskiw, 2007. Leadership development: learning from best 
practices. Leadership & Organization Development Journal, 28(5), pp. 444 - 464. 
SMTA, 12 july 2012. Design for manufacturability, Design For Assembly, Mexico: 
Guadalajara. 



Thobela Mohono 
 

Page 57 of 89 
 

Sobczyk, J. K. E. J., 2008. New Challenges and Visions for 21st world miningCongress. 
Londoon: Taylor & Francis group. 
Soderholm, P., Holmgren, M. & Klesfsjo, B., 2007. A process view of maintenance and its 
stakeholders. Journal of Quality in Maintenance Engineering, 13(1), pp. 19-32. 
Steffens, W., Artto, M. & Karlos, M. a., 2007. Change decisions in product development 
projects. International Journal of Project Management, Volume 25, pp. 702-713. 
Szafran, R., 2012. Answering Questions with Statistics. London: SAGE Publications. 
Takeshi, M., 2012. Failure data and system reliability analysis. Nuclear Safety and Simulation, 
Volume 3, pp. 104-118. 
Taylor, J. K., 1990. Statical Techniques for data Analysis. Chelsea: Lewis Publishers. 
Torp, N. et al., 2008. Project ownership: implications on success measurement. Measuring 
Business Excellence, 12(1), pp. 39 - 46. 
Tsai, P.-L. & Chih-Hung, L., 2009. Research on the Influences of New Product Design and 
New Product Development Process Management on New Product Development Performance in 
Taiwan’s Industries. Asian Journal on Quality, 10(1), pp. 89 - 106. 
T, U., Krishnana, V. & Karl, 2001. Product Development Decisions: A review of the literature. 
Management Science, 47(1), pp. 1-21. 
Underhill, L. & Bradfield, D., 1996. IntroSTAT. Lansdowne: Juta. 
Underhill, L. & Bradfield, D., 2004. IntroSTAT. lansdowne: Juta. 
Vaidyanathan, G., 2013. Project Management: process, technology and practice. New Jersey: 
Pearson. 
Verba, S. M., 1993. Commentary: A Strategic Execution Process for Launching New Products. 
Journal of Product & Brand Management, 2 (2), pp. 18-32. 
Wisker, G., 2008. The postgraduate research handbook. hampshire: mcmillan. 
Woodbury, G., 2002. An introduction to statistics. Duxbury: Wadsworth Group. 
Wood, D., WoodcockS.P & T.B.W., M., 2000. New product development in British SMEs. 
European Journal of Innovation Management, 3(4), pp. 212 - 222. 
Wragg, R. & T., B., 1993. Benchmark for the Best Business. Managing Service Quality: An 
international Journal, 3(6), pp. 13-16. 
Yadav, V. & Sharma, M. K., 2015. Multi-criteria decision making for supplier selection using 
fuzzy AHP approach. Benchmarking: An International Journal,, 22(6), pp. 1158-1174. 
Zaim, S., Turkyilmaz, A., Alcar, M. F. & Demirel, O. f., 2012. Maintenance Strategy Selection 
using AHP and ANP algorithms: A case study. Journal of Quality in Maintenance Engineering, 
18(1), pp. 16-29. 
Zairi, M., 1997. Business process management: a boundaryless approach to modern 
competitiveness. Business Process Management, 3(1), p. 64. 
Zey, M., 1992. Decision Making - Alternatives to rational choice Models. New Dehli: Sage 
publications. 
Zhuwaki, C. F. &. N., 2017. A modelling framework for rail infrastructure reliability analysis. 
South African journal of Industrial Engineering, 28(4), pp. 150-160. 
 
 
 
 
 
  



Thobela Mohono 
 

Page 58 of 89 
 

Appendixes 

Appendix  3: Motor Coach data Composition 

Range 
Number of times a motor 

coach was affected (Known) 

Range between 1 to 10 failures 

 (2014-2018) 203 

Range between 11 to 20 failures 

 (2014-2018) 130 

Range between 21 to 30 failures 

 (2014-2018) 131 

Range between 31 to 40 failures 

 (2014-2018) 62 

Range between 41 to 70 failures 

 (2014-2018) 53 

Unknown 136 
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Appendix  4: Component Data Composition 

Components 
Blank 

information 

Combination 
(Text and 
Numbers) 

Text only 
Numbers 

only 

Axle 33 840 169 2 

Compressor 81 261 392 392 

Exhauster 135 781 850 233 

Inverter 0 0 7 0 

MA 30 567 143 3 

MG 82 704 335 14 

Panto 59 200 637 23 

TM 116 925 516 1249 

Unknown 116 12 11 4 

Total 652 4290 3060 1920 
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Appendix  5: Component Frequency of Failure 

Component 

Frequency of 

failure of the 

component 

Spare 

Parts/Components 

Impact of 

failure on rail 

vehicle 

Reliability of 

maintenance 

data 

Traction Motor 2 909 1 673 1  1 044 

Exhauster 1 701 1 048 1 1 126 

Axle 1 675 915 3 1 999 

Panto 983 637 1 7 

Compressor 938 542 1 743 

MG 834 517 1 1135 

MA 558 339 1 919 

Inverter 7 6 1 2806 

 

Appendix  6: AHP Consistency Calculations 

  Weighted Sum Value Criteria Weights Ratio 

Impact of failure on 

rail vehicle 1.258 0.304 4.14 
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  Weighted Sum Value Criteria Weights Ratio 

Availability of Spare 
Part 1.617 0.388 4.17 

Frequency of failure 

of the component 0.539 0.129 4.17 

Reliability of 

maintenance data 0.742 0.179 4.14 

 

Appendix  7: AHP Consistency Ratio 

  EigenMax 4.155 

Consistency index (CI) E-n/(n-1) 0.052 

Random Index RI 0.900 

Consistency ratio (CR) CI/RI 0.057 
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Appendix  8: Pairwise comparison of alternatives: AHP for the Impact of Component 

failure on rail vehicle 

 

Pairwise Comparison 

  

Corrective 

Maintenance 

Preventative 

Maintenance No Maintenance 

Corrective Maintenance 1.00 1.00 5.00 

Preventative Maintenance 1.00 1.00 3.00 

No Maintenance 0.20 0.33 1.00 

Total 2.20 2.33 9.00 

 
 

Appendix  9: Normalized table of alternatives: AHP for the Impact of Component failure 

on rail vehicle 

Normalized 

 Strategy 

Corrective 

Maintenance 

Preventative 

Maintenance No Maintenance 

Corrective 

Maintenance 0.45 0.43 0.56 
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Appendix  10: PV factors table of alternatives: Impact of Component failure on rail 

vehicle 

Strategy  Alternative Priority Vector 
Corrective Maintenance 0.48 

Preventative Maintenance 0.41 

No Maintenance 0.11 

Total 1.00 

 

Appendix  11: Pairwise comparison of alternatives: Availability of Spare Parts 

Pairwise Comparison 

  Strategy 

Corrective 

Maintenance 

Preventative 

Maintenance 

No 

Maintenance 

Corrective 

Maintenance 1.00 1.00 5.00 

Preventative 

Maintenance 1.00 1.00 7.00 

Preventative 

Maintenance 0.45 0.43 0.33 

No Maintenance 0.09 0.14 0.11 

Total 1.00 1.00 1.00 
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Pairwise Comparison 

  Strategy 

Corrective 

Maintenance 

Preventative 

Maintenance 

No 

Maintenance 

No Maintenance 0.20 0.14 1.00 

Total 2.20 2.14 13.00 

Appendix  12: Normalized table of alternatives: Availability of Spare Parts  

Normalized 

  Strategy 

Corrective 

Maintenance 

Preventative 

Maintenance 

No 

Maintenance 

Corrective 

Maintenance 0.45 0.47 0.38 

Preventative 

Maintenance 0.45 0.47 0.54 

No Maintenance 0.09 0.07 0.08 

Total 1.00 1.00 1.00 
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Appendix  13: PV factors table of alternatives: Availability of Spare Parts 

 Strategy 
Alternative Priority 

Vector 

Corrective Maintenance 0.44 

Preventative Maintenance 0.49 

No Maintenance 0.08 

Total 1.00 

 

Appendix  14: Pairwise comparison of alternatives: Frequency of failure of the 

component  

Pairwise Comparison 

Strategy 
Corrective 

Maintenance 

Preventative 

Maintenance 

No 

Maintenance 

Corrective 

Maintenance 1.00 0.33 3.00 

Preventative 

Maintenance 3.00 1.00 5.00 

No Maintenance 0.33 0.20 1.00 



Thobela Mohono 
 

Page 66 of 89 
 

Pairwise Comparison 

Strategy 
Corrective 

Maintenance 

Preventative 

Maintenance 

No 

Maintenance 

Total 4.33 1.53 9.00 

 
 
 

Appendix  15: Normalized table of alternatives: Frequency of failure of the component 

 

Normalized 

Strategy 
Corrective 

Maintenance 

Preventative 

Maintenance 

No 

Maintenance 

Corrective 

Maintenance 0.23 0.22 0.33 

Preventative 

Maintenance 0.69 0.65 0.56 

No Maintenance 0.08 0.13 0.11 

Total 1.00 1.00 1.00 
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Appendix  16: PV factors table of alternatives: Frequency of failure of the component 

Strategy 
Alternative Priority 

Vector 

Corrective Maintenance 0.26 

Preventative Maintenance 0.63 

No Maintenance 0.11 

 

Appendix  17: Pairwise comparison of alternatives: Reliability of maintenance data 

Pairwise Comparison 

Strategy 
Corrective 

Maintenance 
Preventative 
Maintenance 

No Maintenance 

Corrective 

Maintenance 1.00 1.00 1.00 

Preventative 

Maintenance 1.00 1.00 1.00 

No Maintenance 1.00 1.00 1.00 
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Appendix  18: Normalized table of alternatives: Reliability of maintenance data 

Normalized 

Strategy 
Corrective 

Maintenance 
Preventative 
Maintenance 

No 
Maintenance 

Corrective 

Maintenance 0.33 0.33 0.33 

Preventative 

Maintenance 0.33 0.33 0.33 

No Maintenance 0.33 0.33 0.33 

Total 1.00 1.00 1.00 

 
 

Appendix  19: PV factors table of alternatives: Reliability of maintenance data 

Strategy 
Alternative Priority 

Vector 

Preventative Maintenance 0.33 

Corrective Maintenance 0.33 

No Maintenance 0.33 
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Appendix  20: Summary of AHP results (Strategy Ranking) 

Final criticality rank of Strategy by AHP methodology 

Selection 
Criteria 

Impact of 
failure on rail 

vehicle 

Availability of 
Spare Part 

Reliability 

of 

maintenance 

data 

Frequency of 

failure of the 

component 

Ranking 

Corrective 

Maintenance 
0.480 0.435 0.333 0.260 

0.40 

Preventative 

Maintenance 
0.405 0.487 0.333 0.633 

0.47 

No Maintenance 0.115 0.078 0.333 0.106 0.13 

 

Critical Component Ranking Tables 

Appendix  21: Pairwise comparison of alternatives: AHP for the Impact of Component 

failure on rail vehicle 

Pairwise Comparison 

  
Panto Traction 

Motor Axle Compressor Inverter MA MG Exhauster 

Panto 1.0 2.0 5.0 4.0 3.0 2.0 3.0 2.0 
Traction 
Motor 0.5 1.0 5.0 2.0 3.0 3.0 2.0 5.0 
Axle 0.2 0.2 1.0 8.0 7.0 7.0 7.0 9.0 
Compressor 0.3 0.5 0.1 1.0 4.0 3.0 4.0 5.0 
Inverter 0.3 0.3 0.1 0.3 1.0 3.0 3.0 5.0 
MA 0.5 0.3 0.1 0.3 0.3 1.0 4.0 5.0 
MG 0.3 0.5 0.1 0.3 0.3 0.3 1.0 4.0 
Exhauster 0.5 0.2 0.1 0.2 0.2 0.2 0.3 1.0 
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Appendix  22: Normalized table of alternatives: AHP for the Impact of Component 

failure on rail vehicle 

Normalized 

  
Panto Traction 

Motor Axle Compressor Inverter MA MG Exhauster 

Panto 0.3 0.4 0.4 0.2 0.2 0.1 0.1 0.1 
Traction Motor 0.1 0.2 0.4 0.1 0.2 0.2 0.1 0.1 
Axle 0.1 0.0 0.1 0.5 0.4 0.4 0.3 0.3 
Compressor 0.1 0.1 0.0 0.1 0.2 0.2 0.2 0.1 
Inverter 0.1 0.1 0.0 0.0 0.1 0.2 0.1 0.1 
MA 0.1 0.1 0.0 0.0 0.0 0.1 0.2 0.1 
MG 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 
Exhauster 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Appendix  23: PV factors table of alternatives: Impact of Component failure on rail 

vehicle 

Component Criteria Weights 
Panto 0.224 
Traction 
Motor 0.178 
Axle 0.244 
Compressor 0.114 
Inverter 0.082 
MA 0.076 
MG 0.050 
Exhauster 0.032 

 

Appendix  24: Pairwise comparison of alternatives: Availability of Spare parts 

Pairwise Comparison 

  
Panto Traction 

Motor Axle Compressor Inverter MA MG Exhauster 

Panto 1.0 3.0 4.0 3.0 2.0 3.0 2.0 2.0 
Traction 
Motor 0.3 1.0 4.0 2.0 3.0 2.0 3.0 2.0 
Axle 0.3 0.3 1.0 8.0 7.0 8.0 8.0 9.0 
Compressor 0.3 0.5 0.1 1.0 3.0 2.0 3.0 1.0 
Inverter 0.5 0.3 0.1 0.3 1.0 2.0 2.0 2.0 
MA 0.3 0.5 0.1 0.5 0.5 1.0 3.0 2.0 
MG 0.5 0.3 0.1 0.3 0.5 0.3 1.0 3.0 
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Exhauster 0.5 0.5 0.1 1.0 0.5 0.5 0.3 1.0 
 
 
 

Appendix  25: Normalized table of alternatives: Availability of Spare parts 

Normalized 

  
Panto Traction 

Motor Axle Compressor Inverter MA MG Exhauster 

Panto 0.3 0.5 0.4 0.2 0.1 0.2 0.1 0.1 
Traction 
Motor 0.1 0.2 0.4 0.1 0.2 0.1 0.1 0.1 
Axle 0.1 0.0 0.1 0.5 0.4 0.4 0.4 0.4 
Compressor 0.1 0.1 0.0 0.1 0.2 0.1 0.1 0.0 
Inverter 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.1 
MA 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.1 
MG 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 
Exhauster 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 
 
 

Appendix  26: PV factors table of alternatives: Availability of Spare parts 

 
Component Criteria Weights 

Panto 0.224 
Traction 
Motor 0.161 
Axle 0.287 
Compressor 0.087 
Inverter 0.071 
MA 0.065 
MG 0.056 
Exhauster 0.050 
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Appendix  27: Pairwise comparison of alternatives: Reliability of maintenance data 

 
Pairwise Comparison 

  Panto Traction 
Motor Axle Compressor Inverter MA MG Exhauster 

Panto 1.0 1.0 3.0 1.0 1.0 1.0 1.0 3.0 
Traction 
Motor 1.0 1.0 5.0 1.0 1.0 1.0 1.0 3.0 
Axle 0.3 0.2 1.0 4.0 4.0 4.0 4.0 7.0 
Compressor 1.0 1.0 0.3 1.0 2.0 1.0 1.0 3.0 
Inverter 1.0 1.0 0.3 0.5 1.0 1.0 1.0 3.0 
MA 1.0 1.0 0.3 1.0 1.0 1.0 1.0 3.0 
MG 1.0 1.0 0.3 1.0 1.0 1.0 1.0 3.0 
Exhauster 0.3 0.3 0.1 0.3 0.3 0.3 0.3 1.0 
 
 

Appendix  28: Normalized table of alternatives: Reliability of maintenance data 

Normalized 

  Panto Traction 
Motor Axle Compressor Inverter MA MG Exhauster 

Panto 0.2 0.2 0.3 0.1 0.1 0.1 0.1 0.1 
Traction Motor 0.2 0.2 0.5 0.1 0.1 0.1 0.1 0.1 
Axle 0.1 0.0 0.1 0.4 0.4 0.4 0.4 0.3 
Compressor 0.2 0.2 0.0 0.1 0.2 0.1 0.1 0.1 
Inverter 0.2 0.2 0.0 0.1 0.1 0.1 0.1 0.1 
MA 0.2 0.2 0.0 0.1 0.1 0.1 0.1 0.1 
MG 0.2 0.2 0.0 0.1 0.1 0.1 0.1 0.1 
Exhauster 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
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Appendix  29: PV factors table of alternatives: Reliability of maintenance data 

Component 
Criteria 
Weights 

Panto 0.137 
Traction 
Motor 0.162 
Axle 0.248 
Compressor 0.114 
Inverter 0.097 
MA 0.103 
MG 0.103 
Exhauster 0.035 

 

Appendix  30: Normalized table of alternatives: Frequency of failure of the component 

 
Pairwise Comparison 

  
Panto Traction 

Motor Axle Compressor Inverter MA MG Exhauster 

Panto 1.0 1.0 3.0 4.0 1.0 1.0 1.0 3.0 
Traction Motor 1.0 1.0 5.0 3.0 2.0 1.0 3.0 1.0 
Axle 0.3 0.2 1.0 8.0 8.0 7.0 7.0 7.0 
Compressor 0.3 0.3 0.1 1.0 4.0 1.0 1.0 3.0 
Inverter 1.0 0.5 0.1 0.3 1.0 1.0 3.0 5.0 
MA 1.0 1.0 0.1 1.0 1.0 1.0 1.0 3.0 
MG 1.0 0.3 0.1 1.0 0.3 1.0 1.0 3.0 
Exhauster 0.3 1.0 0.1 0.3 0.2 0.3 0.3 1.0 
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Appendix  31: Normalized table of alternatives: Frequency of failure of the component 

Normalized 

  
Panto Traction 

Motor Axle Compressor Inverter MA MG Exhauster 

Panto 0.2 0.2 0.3 0.2 0.1 0.1 0.1 0.1 
Traction Motor 0.2 0.2 0.5 0.2 0.1 0.1 0.2 0.0 
Axle 0.1 0.0 0.1 0.4 0.5 0.5 0.4 0.3 
Compressor 0.0 0.1 0.0 0.1 0.2 0.1 0.1 0.1 
Inverter 0.2 0.1 0.0 0.0 0.1 0.1 0.2 0.2 
MA 0.2 0.2 0.0 0.1 0.1 0.1 0.1 0.1 
MG 0.2 0.1 0.0 0.1 0.0 0.1 0.1 0.1 
Exhauster 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 
 
 

Appendix  32: PV factors table of alternatives: Frequency of failure of the component 

Component Criteria Weights 
Panto 0.148 
Traction 
Motor 0.179 
Axle 0.285 
Compressor 0.081 
Inverter 0.098 
MA 0.091 
MG 0.071 
Exhauster 0.046 

Appendix  33: Summary of AHP results (Component Ranking) 
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Final criticality rank of equipment by AHP methodology 

  

Components Impact of failure 
on rail vehicle 

Availability of 
Spare Part 

Reliability of 
maintenance 
data 

Frequency 
of failure of 
the 
component 

Weighted 
Overall 
Score 

Ranking 

Panto 0.22 0.22 0.14 0.15 0.199 2 
Traction 
Motor 0.18 0.16 0.16 0.18 0.169 3 
Axle 0.24 0.29 0.25 0.29 0.268 1 
Compressor 0.11 0.09 0.11 0.08 0.098 4 
Inverter 0.08 0.07 0.10 0.10 0.082 5 
MA 0.08 0.06 0.10 0.09 0.078 6 
MG 0.05 0.06 0.10 0.07 0.063 7 
Exhauster 0.03 0.05 0.04 0.05 0.042 8 
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