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Abstract  

The importance of an effective maintenance programme cannot be over-emphasized 

because such a programme plays such an important role in the effectiveness of lean 

manufacturing. Maintenance may be considered the health care of any engineering 

equipment and its equipment. It is required to reduce waste effectively, and to run an 

efficient, continuous locomotive operation within a business or service operation. The 

cost of regular maintenance is very small when it is compared to the cost of a major 

breakdown at which time production is held up. The main purpose of regular 

maintenance is to ensure that all equipment required for production is operating at 

100% efficiency at all times. Through short daily inspections, cleaning, lubricating, 

and making of minor adjustments, minor problems can be detected and corrected 

before they become major problems that can shut down a production line. A good 

maintenance programme requires company-wide participation and support by 

everyone from top executives to shop floor personnel (Dale, 2008) 

The function of reliability engineering is to develop the reliability requirements for a 

product, establish an adequate reliability programme, and perform appropriate 

analyses and tasks to ensure that the product meets its requirements. These tasks 

are managed by a reliability engineer who usually holds an accredited engineering 

degree and has additional reliability-specific education and training. Reliability 

engineering is closely associated with maintainability engineering and logistics 

engineering. Many problems from other fields can also be tackled using reliability 

engineering techniques (O’Connor 2010). 

Reliability is defined as the probability that a device will perform its required function 

under stated conditions for a specific period of time, and quality can be defined as 

how the recipient of the product or service views the product (Barringer, 2006). 

Therefore the two cannot be viewed differently as they both have the same focus 

which is the end result of the product’s performance. The findings reveal that 

customers should form part of reliability management systems; the ddevelopment of 

ways to identify possible failure before it actually happens is key in achieving 

reliability targets; and training of key personnel on engineering and quality 

department as well as resource planning and utilization is a key towards eliminating 

reliability challenges.  
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CHAPTER 1: Introduction and Problem Statement 

1.1   Purpose of the study 

The purpose of this study is to determine the challenges facing the reliability of diesel 

locomotives within the South African railway industry. The study also aims to discuss 

some reliability engineering concepts and how these concepts can be used to 

improve the reliability of diesel locomotives. 

1.2   Background to the study 

Rail transport in South Africa is the most important element of the country's transport 

infrastructure. All major cities are connected by rail, and South Africa’s railway 

system is the most highly developed in Africa. The South African rail industry is 

publicly owned. South African’s economy has been growing at almost 5% a year for 

the past several years, representing 32 consecutive quarters of positive growth 

(Transnet, 2011) 

According to (Booysens, 2012) it is imperative for a country such as South Africa, 

which has inadequate access to public transportation, to re-establish its rail industry 

and ensure it offers reliable and safe public transportation. Booysens further states 

that the life of South Africa’s locomotive system has come to an end, adding that the 

rail industry has been neglected for the past 40 years with little investments in 

infrastructure, maintenance and rolling stock. Due to the growth rate experienced 

within South Africa, the railway industry (Transnet) is to spend over R110 billion over 

the next five years on a number of projects including a comprehensive fleet renewal 

programme that is aimed at improving efficiency, productivity, reliability and safety of 

the company's locomotive fleet (Southafrica.info, 2011) 

Good maintenance strategies play an important role in ensuring that the demands of 

economic growth are being met (Hisham-bin-jabar, 2003) Transnet Rail Engineering 

where the study is being conducted is an engineering division of Transnet Limited, 

based in South Africa, comprising a group of product focused businesses in 

manufacturing, upgrading conversion, repair and maintenance of railway rolling stock 

as well as spares and associated transport equipment. Through its six well-
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equipped, ISO certified factories and workforce of 13,000 qualified personnel, 

Transnet Rail Engineering extends its railway customer portfolio to other parts of 

Africa and the world. As a result, many of its plants have received "Centres of 

Excellence" awards and accreditation by original equipment manufacturers 

(Transnet, 2011). 

With an increase in the demand of electricity, Eskom the South African electricity 

supplier, is facing challenges in supplying electricity to all its customers. Diesel 

locomotives have proven to be the most reliable source of transportation of freight 

(Ketelhodt, 2008).  

Methods must be found that will enable maintenance engineers to do better 

maintenance on old equipment so that the availability of the system is increased. 

This will result in a more reliable system that will enable a more predictable service. 

It is necessary to satisfy clients who will keep the companies competitive in this 

changing environment 

1.3   Problem statement 

There are many reasons why equipment will fail with respect to the production or 

maintenance of a product A good reliability strategy provides monitoring of reliability 

performance to identify deficiencies in the system and thus enables the optimization 

of the maintenance programme with the goal of balancing asset availability and total 

costs. Monitoring key figures such as dispatch reliability, scheduled completion rate, 

repetitive failure rates, mean time between unscheduled removal (MTBUR), mean 

time to unscheduled removal (MTTUR), mean time between removal (MTBR), and 

mean time between failures (MTBF) are important in reliability reporting. 

1.4   Research objectives and goals 

In order to reduce equipment failures and increase their availability, it is important 

that reliability engineering and maintenance management are understood (Tomo, 

2010). The objectives and goals of this study are to discuss the concepts of reliability 

engineering and maintenance management, and to provide guidelines on how these 

concepts can be used to improve the reliability of diesel locomotives. 
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To be able to develop a process that will help the maintenance engineer make 

effective decisions, it is important that challenges facing the reliability of the product 

is identified and outlined. This research constitutes an attempt to shed light on 

challenges affecting reliability of diesel locomotives, especially for any organization 

dealing with the maintenance of products or services such as the railway industry or 

any other industry for that matter. The general objectives and goals of the study can 

be summarised as follows: 

 To provide literature on reliability engineering and maintenance strategies and 

 To illustrate some causes of unreliability and failure. 

1.5   Scope of the study 

The field of study for this research is reliability engineering. The study evaluates 

reliability concepts, processes and methods within the railway industry in South 

Africa with specific focus on Transnet Rail Engineering (TRE). The scope can further 

be expanded into the mining sector, but only where Transnet is providing a service.  

1.6      Main Problem 

The main problem of the study is to evaluate the reliability of critical equipment that 

form part of the GM diesel locomotives within South African railway industry and to 

identify and analyse the potential causes of failures. 

Sub-problem  

The sub-problem of the research is to evaluate the reliability of critical equipment 

among GM diesel locomotives at Transnet, and to determine those with the highest 

failure rates that contribute to loss of production and poor reliability targets.   

1.7      Research design and methodology 

This section explains the process and methods that are followed to gather the 

relevant data for the study. This chapter also elaborates on the rationale for the 

study and instruments used (De_Klerk, 2005). 
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1.7.1 Research objectives 

The objectives and goals of this study are to examine the concepts of reliability 

engineering and maintenance management, and to provide guidelines on how these 

concepts can be used to improve the reliability of diesel locomotives within the South 

African railway industry. 

1.7.2 Approach and strategy 

To accomplish the objectives and goals of the research, a single case study is 

conducted. The case study is conducted at Transnet Rail Engineering. Due to time 

constraints, questionnaires will be distributed within Transnet and responses will be 

evaluated. The results are then analysed to show their applicability to the diesel 

locomotive maintenance depot at Transnet Rail Engineering. 

1.7.3 Period of the study 

The study was conducted over a period of two years. All data gathered in this 

process will be valid for only this study period. 

1.7.4 Case study research 

The research approach seeks the facts or causes of social phenomena with little 

regard to the subjective state of the individual. The main criticisms of the method 

used for this research (Hussey, 2003) include the following: 

 It is impossible to treat people as being separate from their social contexts 

and they cannot be understood without examining the perception they have of 

their own activities. 

 A highly structured research design imposes certain constrains on the results 

and may ignore relevant and interesting findings. 

 Capturing complex phenomena in a single measure is at best misleading. 

 Researchers are not objective, but part of what they observe. They bring their 

interests and values to the research. 
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In this kind of study, the researcher collects extensive data on programmes and 

events on which the investigation is focused. The data often includes observations, 

interviews, documents, and past records. In many instances, the researcher may 

spend extended period of time on-site and interact regularly with people working on 

the systems that are being studied (Ormrod, 2001) 

The researcher also records details about the context in which the case is found, 

including information about the physical environment and any historical, economic, 

and social factors that have bearing on the situation. By identifying the context of the 

case, the researcher helps the reader to draw conclusions about the extent to which 

findings might be generalized to other institutions.  

1.7.5 Data collection 

Data analysis involved the data collected being reduced and summarised into a 

usable format while data patterns are identified (Cooper and Schindler, 2008). From 

this analysis answers to the research questions were derived. Data was gathered 

through active participation in the production and maintenance processes of the 

product. Face to face interaction with production and maintenance personnel was 

done on a daily basis. Questionnaires were sent out and collected through one-on-

one interviews and some through email. The data collected was recorded on MS 

Excel spread-sheets and only data that is relevant to the study was analysed.  

1.8      Limitations of the study 

The problem encountered with the research related to data collection and whether 

the feedback provided by each participant was honest and to the best of their 

knowledge of the subject matter. The scope of this study is limited to the railway 

industry of South Africa and the sample only includes personnel in the engineering 

department of the railway company.  
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1.9      The layout of the study 

1.9.1 Introduction  

The dissertation is based on theories that explore the challenges affecting the 

reliability of diesel locomotives within the South African railway industry. The study 

also aims to discuss some concepts on reliability engineering and how these 

concepts can be used to improve the reliability of diesel locomotives in South Africa. 

The literature review is used to gain a thorough knowledge of reliability engineering 

and the insight obtained can be applied constructively to the South African railway 

industry. The current processes that are used at Transnet Rail engineering are 

evaluated and compared with theories on Reliability Engineering in order to report on 

current performance and provide recommendations on systems that can be useful to 

improve the reliability of diesel locomotives in the company. 

Chapter 1: Introduction and problem statement 

Chapter one, the introduction to the research, informs the reader about the research 

topic and where research is conducted. It explains the research design and 

methodology in detail, and elaborates on the data collection techniques. 

Chapter 2: The literature review  

Chapter two discusses what reliability is, what the objectives of reliability are, and 

addresses some of the perception risks that necessitates reliability engineering. This 

chapter also covers the approach to reliability and maintainability in different 

organizations, reliability and maintainability programme plans and tasks. It also 

covers failure reporting and corrective actions systems that need to be effectively 

implemented to achieve reliable product or service. 

Chapter 3: Review of Transnet Rail Engineering maintenance 

Chapter three elaborates on the major components that make up a diesel locomotive 

in order to give the reader an understanding of the type of product the research 

focuses on. It also covers some of the reliability strategies adopted by Transnet. 
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Chapter 4 and 5 : Data analysis, findings conclusion and recommendations  

Chapters four and five deal with the collection and analysis of data as well as the 

conclusion and recommendations.  

1.10  Summary 

This chapter focused on the study design and methodology of the research and the 

approaches adopted to gather relevant data.  
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CHAPTER 2: Literature review  

The literature survey attempts to address the following questions: 

 What is maintenance management in improving the reliability of a product? 

 What are the requirements of maintenance management in improving product 

reliability context? 

 How is maintenance management done? 

 What is the importance of maintenance management in improving product 

reliability? 

 What are the key challenges of improving the reliability of a product? 

 What are the key attributes of a reliable product? 

The study will look at what other authors have said. The scope of the literature study 

focuses on establishing the known factors that contributes towards achieving reliable 

product. 

 
2.1 Maintenance management  

Maintenance functions have always been very vital and important in ensuring 

product reliability. According to Miller & W. Blood (1963: 5), most companies have 

seen their maintenance grow at an alarming rate in the last 10 to 15 years, and 

although they do not necessarily want to stop the growth, they at least want to 

assure themselves that growth is absolutely required and tightly controlled. In other 

words, that growth is well managed. The maintenance manager must constantly 

determine how the company’s changing operations affect the maintenance function 

(Blood, 1963) 

According to (Herbarty, 1990), if a maintenance manager had all of the following 

resources, they would have no need for maintenance optimization: 

 Ten times the labour force he has presently; 

 All highly skilled workers required; 

 All the materials, spares, tools and equipment he needs to do the job and provide 

endless supply; 

 No need to worry about costs; 
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 Downtime whenever he wants it to work on facilities and equipment. 

In the real world however, and for all practical purposes, none of the above is 

normally available. Therefore, the available of supply of labour, materials, tools and 

equipment needs to be wisely used where they will do the most good in 

accomplishing the company’s mission. 

O’Connor, (2002) States that reliability engineering can be seen as the way the 

product/service is assessed against a specification or set of attributes, and when the 

product or service is delivered to the customer. It is usually concerned with failures in 

the time domain that make reliability time dependent. Reliability management 

strategies monitor unscheduled discrepancies that can significantly affect product 

reliability, maintenance workload and costs. It monitors the individual component 

reliability, helping to transform unscheduled maintenance into scheduled 

maintenance, and triggers engineering changes based on reliability information 

 

The functions performed by maintenance management constitute an optimization 

system of the greatest importance. The functions are cyclical in nature and are 

repeated over and over. They are never ending, each time improving the total 

performance of the product. The functions of management (illustrated in Figure 1.1), 

according to (Herbarty, 1990) are to: 

 Establish goals, objectives, and policies; 

 Establish permissible variance from these guidelines;  

 Measure performance against established guidelines ; 

 Compare performance measurements and feedback information to guidelines; 

 Isolate and identify deviations beyond tolerances; 

 Determine basic cause for deviations; 

 Plan methods of implementing corrective action; 

 Schedule plans for implementing corrective action; 

 Implement corrective action and  

 Follow-up to ensure completion of corrective action and to prevent over swing 
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Figure 1.1: Functions of management (Herbarty, 1990) 

.  
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2.2 Requirements of maintenance management  

In today’s business environment, terms like best practices, benchmarking, and world 

class are increasingly being used. Identifying the common best practice for 

maintenance management that can be used to benchmark other companies in order 

to achieve best practices within an organisation is extremely crucial for any business 

to survive. The best practice begins with practices that enable a company to achieve 

a competitive advantage over its competitors in a specific business process 

(Wireman, 2012).  

.2.2.1 Preventative maintenance 

Gertsbakh (1977) defines preventative maintenance as the total of all service 

functions aimed at maintaining and improving reliability performance characteristics 

and concerns itself with such activities as the replacement and renewals of 

elements, inspections as well as testing and checking of working parts during their 

operation. Through the use of good preventative maintenance procedures in which 

both production and maintenance personnel is well coordinated, production 

downtime can be minimized and costly repairs and interruptions in planned 

maintenance and production schedules can be eliminated. Preventative 

maintenance is a common tool for both production and maintenance in achieving 

maximum production at minimum repair cost. One of the objectives of preventative 

maintenance is to find any condition that may cause machine or product failure 

before such failure occurs (Kier, 1963). 

2.2.2  Inventory and procurement  

The primary purpose of a business is to make profit, and there are many factors that 

affect the organization’s ability to control costs. Among these are the age and 

condition of equipment, the labour force, the amount and quality of available 

information to make decisions, and the size and value of inventory store. In order to 

manage this inventory effectively, it is important to plan the department’s activities 

similar to the way the production manager anticipates a production schedule 

(Higgins, 1995). 
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Inventory and procurement programmes should focus on providing the right parts at 

the right time. The goal is to have enough spare parts without having too many 

spares. No inventory and procurement process can service a reactive maintenance 

process in a cost effective way. However, if the majority of maintenance work is 

planned several weeks in advance, the inventory and procurement process becomes 

optimized (Wireman, 2012). 

2.2.3  Work flow and controls 

Common requirements activities are noted, and this confirms that the practice 

involves documenting and tracking the maintenance work that is performed 

(Bhadury, 1998). A work order system is used to initiate, track, and record all 

maintenance activities. According to Wireman (1998), planning and scheduling 

requires someone to perform the following activities: 

•  Review the work submitted; 

•  Approve the work; 

•  Plan the work activities; 

•  Schedule the work activities and,  

• Record the completed work activities. 

2.2.4  Computerized maintenance management system usage 

In most companies, the maintenance function utilizes sufficient data to necessitate 

the computerization of data flow. This facilitates the collection, processing, and 

analysis of the data. The usage of the Computerized Maintenance Management 

System (CMMS) has become popular in most countries around the world according 

to Mann (1983). Three principal variables are controlled by computerized 

maintenance management systems, namely, equipment and facilities, labour, and 

materials, in order to aggregate and summarize costs. In order for the whole 

maintenance system to function effectively, five principals are identified (Niebel, 

1985). Which are:- 

1. Equipment control 
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2. Work control 

3. Maintenance spare parts and inventory control 

4. Cost accumulation and reporting 

5. Performance reporting  

2.2.5  Technical and interpersonal skills  

This function of maintenance ensures that technicians working on the equipment 

have the technical skills that are required to understand and maintain the equipment. 

In addition, it ensures that those involved in maintenance functions must have the 

interpersonal skills to be able to communicate with other departments in the 

company (Higgins, 1995). Individuals working on equipment must also be able to 

work in a team or natural work group environment. Without these skills, there is little 

possibility of maintaining the current status of the equipment. Without these skills, 

the probability of ever making any improvement in the equipment is inconceivable 

(Mann, 1983). 

According Heizer and Render (2006), a good maintenance team should have the 

following six features: Its members should be well-trained; have adequate resources; 

possess the ability to establish repair plans and priorities; and possess the ability 

and authority to do material planning. They should also have the ability to identify the 

causes of breakdowns and be able to design ways of extending mean time between 

failures (MTBF). 

2.2.6 Predictive maintenance 

The focus of predictive maintenance is to investigate and purchase technology that 

solves or mitigates existing chronic equipment problems. It is planned and scheduled 

through the use of the same techniques that are used to schedule preventative 

tasks. In this regard, all relevant data are recorded in or interfaced to the 

computerized management monitoring system (CMMS) (Wireman, 2012). 

The basic principles of predictive maintenance is that planning is done in advance 

using most of the available information, and reacting to earlier actions as a 

consequence of earlier predictions, and considering new information as it becomes 

available (Kerr, 1994). 
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2.2.7  Continuous improvement 

The process of continuous improvement is best described in Figure 2 (Narayan, 

2012). It has four phases. The first phase is planning during which alternative 

maintenance strategies are evaluated in terms of the probability of success as well 

as costs and benefits. The next phase work is then scheduled, resources allocated 

and timing is finalized. After this, the third phase work is executed and data is 

generated at the same time. In the last phase, collected data is analysed for 

continuous improvement purposes.  

 

Figure 2 Continuous improvement cycle (Narayan, 2012) 

 

For the overall engineered maintenance management programme to perform highly, 

improvements need to be recorded. This requires a combination of the following: 

organization; control systems; estimating and measurement of maintenance work; 

inventory control and use of maintenance materials; planning and scheduling; 

predictive and preventative maintenance; diagnostic techniques; application of 

CMMS; training of maintenance employees; compensation of maintenance 

employees; and reports to management (Niebel, 1985). 
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Figure 3:  Maintenance management pyramid (Wireman, 1998) 

 

General Electric (GE) supplies equipment for railroad, marine, drilling, wind and 

mining industries. GE provides freight and passenger locomotives, railway signalling 

and communications systems, information technology solutions, marine engines, 

motorized drive systems for mining trucks and drills, high-quality replacement parts 

and value added services (Simonelli, 2010). The company makes use of the 

customers’ websites to record and track their reliability performance. The figure 

below indicates how product reliability is being monitored in order to obtain the root 

causes of failures. 

Figure 4 FDL failure rate (transportation, 2012) 

 

The above figure indicates that failures have been categorized per part or unit, and it 

has been noted that the highest failures are due to power assemblies, traction 

motors, phase modules, water leak and CURU. 
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2.3  Reliability engineering for maintenance practice 

Blanchard and Fabrycky (2010) define reliability engineering as the probability that 

an item will perform a required function without failure under stated conditions for a 

stated period of time. They also state that reliability engineering can be expressed as 

the number of failures over a period. The objectives of reliability engineering are: 

 To apply engineering knowledge and specialist techniques to prevent or to 

reduce the likelihood or frequency of failures; 

 To identify and correct the cause of failures that occur despite the efforts to 

prevent them; 

 To determine ways of coping with failures that occur if their causes have not been 

corrected; and 

 To apply methods for estimating the likely reliability of new design, and for 

analysing reliability data.  

Achieving the attributes in a product does not happen by chance, but is the 

culmination of a properly structured effort to combine three key engineering 

disciplines: quality, qualification and reliability (Shezi, 2008). A similar description is 

offered by O’Connor (2010) who states that the primary reliability engineering skills 

required are the ability to understand and anticipate the possible causes of failures, 

and knowledge of how to prevent them. This shows that reliability engineering also 

requires knowledge of the methods that can be used for analysing design and data.  

Reliability management strategies monitor unscheduled discrepancies that can 

significantly affect product reliability, maintenance workload and costs. They are 

used to monitor individual component reliability, helping to transform unscheduled 

maintenance into scheduled maintenance, and triggering engineering changes 

based on reliability information (Barringer, 2006). By initiating the exchange of 

components therefore, reliability management strategies help evaluate the 

effectiveness of an existing maintenance programme through product reliability. 

Ramakumar (1983) defines reliability as the probability that a system will perform its 

intended function for a specified interval of time under stated conditions. Depending 
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on the system under study, it can be measured in time or the exact time of operation 

of the system, or the number of cycles of operated devices 

2.3.1  Probability of failure 

According to Ramakumar (1983), if during N trials of an experiment or mission, 

failure occurred N times, Pf is an estimator and not a true value, the probability of 

failure occurrence can be estimated as follows:  

Equation 1: 

   
( )

( )
 

System reliability can be quantified in terms of a number that lies between zero and 

one. 1 will mean the equipment will fail and a 0 will mean that a system will not fail 

Equation 2:  

      Rs=1-Pf 

2.4  Reliability indexes  

Reliability indexes are needed for the quantitative characterization of a system’s 

ability to perform its operation. They are statistical in nature and depend on time 

(Gnedenko & Ushakov, 1995). Knowledge of reliability tools is important and using 

reliability tools helps reduce the high cost of unreliability, which results in plant 

improvements.  

2.4.1 Mean time to failure (MTTF) 

This reliability index means that a system on average works T time units before 

failure. (Bauer & Zhang & Kimber 2009) define mean time to failure as the expected 

(average) time that the system is likely to operate successfully before a failure 

occurs. 
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Equation 3: 

          ∫  ( )  
 

 
 

 

 

2.4.2  Availability 

Reliability is defined by E. Bauer (2009) as the measure of successful system 

operation over a period of time or during a mission. During the mission time no 

failure is allowed. Availability (A) is defined as the probability that a system is in 

normal operation, where MTTR stands for mean time to repair and MTBF stands for 

mean time before failure. Equation 6 below shows how it is calculated. 

Equation 4: 

       
             

                             
 

Equation 5:      
    

         
 

Equation 6:   MTBF = MTTF +MTTR 

 

2.4.3  Downtime time 

Downtime is an index associated with service unavailability;  it is typically measured 

in minutes per service year expressed, (where 525.96 is the number of minutes in a 

year) by this equation below (E. Bauer, 2009): 

Equation 7: 

    Downtime = 525,960 X (1-Availability)min/yr 
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Figure 5: MTTR, MTTF and MTBF (E. Bauer, 2009) 

 

2.5  Bathtub curve failure rate 

Failure for most parts of an operation is a function of time (Slack, 2001). Plotting the 

failure rate against a continuous time scale, the results will constitute a so-called 

bath-tub curve. Figure 6 shows the shape of a bathtub curve. From this shape the 

curve is divided into three distinct zones. These zones differ from each other in 

failure rate and in relationship patterns as follows: infant mortality, useful life, and 

wear out. 

Figure 6: Bathtub curve (Meredith and Mantel, 2000) 
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2.6  Reliability requirements (Beauer, Zhang & Kimber, 2009)  

2.6.1  Availability objectives: These list the availability requirements such as 

management visibility and provisioning availability for the system. They should 

always include service availability. 

2.6.2  Downtime: This lists the maximum downtime requirements for the system 

and provides an alternative view. It should include service downtime and other 

requirements such as management visibility and provisioning availability. 

2.6.3 Hardware failure rate and service life: It lists hardware service life 

requirements for the entire system and specific service life requirement for FRUs that 

deviate from the system requirements.  

2.7 Reliability and maintenance 

According to Ramakumar (1983), there are two basic categories of maintenance, 

scheduled (or preventative) maintenance and forced (or corrective) maintenance. 

Schedule maintenance is performed at constant intervals of time, even if the system 

is still working satisfactorily. Such a process prolongs the life of components, 

decreases the number of failures, and increases the MTTF of the system. Corrective 

maintenance follows in-service failures. This means nothing is done until the system 

fails. As soon as this occurs, replacement, adjustment, or repair of components is 

done to restore the system to normal operation (Ramakumar, 1993). 

O’Connor (2002) describes the process of maintaining a system as subjected to 

corrective and preventative maintenance. Where corrective maintenance includes all 

action to return a system from a failed to an operational or available state, the 

amount of corrective maintenance is determined by reliability. These are actions that 

cannot be planned and can be quantified as MTTR. Preventative maintenance 

failures seek to retain the system in an operational or available state by preventing 

failures from occurring. Preventative maintenance is measured by the time taken to 

perform specified tasks and their specified frequency (O’Connor, 2002). 
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2.8 Failure Reporting and Corrective Action System (FRACAS) 

The Failure Reporting and Corrective Action System (FRACAS) commonly referred 

to a "Closed Loop Reporting System", is instrumental in understanding how an 

equipment or system is actually performing in the field from a reliability (and 

maintainability) perspective (Barringer, 2006). According to O’Connor, failure 

reporting and analysis is an important part of quality assurance (QA) function. The 

system ensures the following: 

1.  Reporting of all production test and inspection failures with sufficient detail to 

enable investigation and corrective action to be taken; 

2.  Reporting the results of investigations and actions; 

3.  Analysis of failure patterns and trends, and reporting on these; 

4.  Continuous improvement by removal of causes of failures. 

For an organization operating a system or a multiple of systems, an effective 

FRACAS will reveal when there are potential reliability issues. Figure 2.6 shows how 

a FRACAS system functions as a closed loop. 

Figure 7: FRACAS closed loop reporting system (MTain, 2010) 
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The purpose of a FRACAS procedure is to provide the required method, guidelines 

and the responsibility for implementing a Failure Reporting and Corrective Action 

System (and Data Reporting and Corrective Action System (DRACAS)) that would 

be required for a particular project or programme. The FRACAS could require the 

support from many team members, who themselves are required to play an active 

role in the FRACAS process (Barringer, 2006). 

2.8.1  Process of FRACAS 

FRACAS information is collected using a report format. Depending upon the 

complexity of the system and their intended operational profile, this can be achieved 

by using a simple form or may require a more complex database. The person 

detailed in the FRACAS process procedure completes the individual data element 

field. Depending on several factors, the actual process may vary for any particular 

system and its operational scenario. Upon detection of a system failure, which is 

deemed to be a cause of a hardware failure, the FRACAS process is implemented 

by initiating the failure reporting sequence (O’Connor 2010). 

2.9  Summary  

The function of reliability engineering is to develop the reliability requirements for 

products, establish an adequate reliability programme, and perform appropriate 

analyses and tasks to ensure that product will meet its requirements. These tasks 

are managed by those who usually hold an accredited engineering degree and have 

additional reliability-specific education and training. Reliability engineering is closely 

associated with maintainability engineering and logistics engineering. Many 

problems from other fields, such as security engineering, can also be approached 

using reliability engineering techniques (O'connor, 2002). 
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CHAPTER 3: Review of Transnet Rail Engineering Maintenance 

3.1  Background  

Any locomotive, electric or diesel electric, can be described as a highly complex 

machine with a multitude of different main and sub-systems that  have to interact in 

such a way that it can perform in accordance with its design parameters. It can then 

fulfil its primary function of hauling predetermined calculated maximum loads at 

certain calculated running times (Lombard, 2010). The main inputs for these loads 

and running times are the maximum power ratings (KW) and maximum tractive 

efforts (KN) for each class-series of locomotive, the number of locomotives that may 

be coupled in MU (multiple unit) operation, as well as the ruling gradient and any 

permanent speed restrictions on a particular section of railway line (Lombard, 2010) 

The railway operator under consideration (Transnet Freight Rail) is a client of the 

maintainer (Transnet Rail Engineering) and depends on a serviceable locomotive 

that must perform as above. One or more underpowered locomotives in consist will 

result in either the load having to be reduced on a train or a train that cannot be 

operated according to the official running times on a particular section (Grabe, 2010). 

A situation often occurs where the train speed drops to below the balancing speed of 

the locomotives. This in turn implies that the locomotives will enter the short time 

rating of traction motors and run the risk of overheating traction motors. The reader 

should now begin to think of the importance of high reliability ratings for all main 

components, sub-systems and main systems on locomotives (Lombard, 2010). 

Main components such as pantographs, engine, traction alternators, and traction 

motors can be seen as sub-systems of the propulsion system. On the other hand, a 

main system such as the brake system can be seen as consisting of sub-systems 

(compressed air and vacuum systems) as well as main components (compressor-

exhauster) and sub-components, various brake valves, piping, cut-out cocks, 

electrical switches (Goetzee, 2010). 

3.2   Components for condition based maintenance 

Although most products, in this case diesel locomotive main components, require a 

combination of preventative maintenance and some degree of condition-based 
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maintenance, the scope of this dissertation is limited to those components that, 

according to Gertsbakh (1977)are  deemed vital for the satisfactory operation of a 

locomotive, easily accessible for assessment monitoring or testing in position, and 

required to have a very high reliability in order to ensure the mission reliability of the 

entire locomotive.  

These components generally have long overhaul cycles and are labour intensive to 

change meaning that the availability of a locomotive is seriously affected in the event 

of an unscheduled failure (Kerr, 1994). Typical components are wheels, brakes, 

diesel engine, compressors, transformers and traction motors. 

3.3  Calculation of components reliability  

Ramakumar (1983) states that the reliability of a component or system is often 

expressed in terms of faults per million kilometres or mean time between failures 

(MTBF). In international quality assurance terminology, reliability is generally 

expressed as a percentage or as a fraction (i.e. 95% or 0.95) of time  that a 

component will operate satisfactorily, but when failure statistics are gathered, it is 

easier to calculate the non-availability over a given time period and to deduct that 

from 100 per cent or from one (O’Connor 2010).  

If time is used as a basis of measurement, then the time taken to repair and replace 

a component represents the non-availability over a period (e.g. one year). If this is 

say 3 per cent, then the reliability is 100%-3%=97% or 0.97 (Blanchard, 2005) 

3.4  System reliability  

E. Bauer (2009) defines the term mission reliability in railway terms as an operational 

event such as the ability of a locomotive to successfully complete a trip when hauling 

a load from A to B. A locomotive can be regarded as a hauling system that is a 

combination of various sub-systems, e.g. electronic control systems, propulsion 

systems, brake systems, cooling systems, and suspension systems. Locomotive 

reliability R(L) can be statistically calculated as follows: R(L) = R(A) X R(B) X R(C) X 

…..R(n) where R(A), R(B) and R(C) …R(n) represent the individual reliability ratings 

of each sub-system. 
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3.5 Maintenance philosophies used by Transnet  

The processes involved in maintaining this massive equipment are also fairly similar 

and can be applied to certain subsystems common to different classes of 

locomotives. The different techniques applied should have one goal in common; to 

maintain the locomotive in such a manner that whatever is done it is cost effective, 

and continuously improves its performance so that  throughout its life span. One 

would therefore strive for the optimum maintenance mix, applying different 

philosophies at different stages in the life of locomotive (Beauer, Zhang & Kimber, 

2009). 

Throughout the working life of locomotive, it must be stopped for maintenance in 

order to keep it in service. These maintenance actions are commonly known as the 

maintenance plan of a locomotive. The first guideline for such a maintenance plan 

will be obtained from the manufacturer (Ramakumar, 1993). This plan will then be 

optimized by the maintenance manager depending on failure rates, working 

conditions, desired performance levels, etc. A maintenance plan covers all 

maintenance interventions for the entire life span of the locomotive. It is a 

combination of running maintenance (service), component change out/overhaul’s, 

body repair and paint programmes, upgrading of sub systems, replacing of sub 

systems due to obsolescence and end of life (run out) maintenance (O’Connor, 

2002). 

One would apply a combination of different philosophies to the same sub system in a 

locomotive depending on where the locomotive would be located in different stages 

of its life cycle. One widely-used philosophy is the concept of preventative 

maintenance. This is where one maintains a piece of equipment in such a manner to 

prevent it from failing in service (Ramakumar, 1993). This concept can be best 

explained by dividing it into two parts, namely time-based and condition-based 

maintenance. Time-based maintenance happens at regular time intervals. Whenever 

one schedules a time-based maintenance intervention, one uses this opportunity to 

measure the condition of certain components/subsystems (O’Connor, 2002).  
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3.6  Time-based maintenance 

This type of maintenance is done at regular interventions on the locomotive in order 

to replace normal wear and tear items. This happens at regular intervals, normally 

fixed in time, as repetitive interventions, and the intervention is optimized in such a 

way that the downtime of the locomotive is minimal and that components get 

serviced before they fail (Bauer, 2009).  These time-based intervals will vary 

between the different classes of locomotives, and will be optimized according to work 

load as well. Typical examples where this type of philosophy is applied is 

summarized in the table below. 

Table 1: Example of time based maintenance (Geldnehuys, 2001) 

Item Description Inspection interval 

1 Brushes 36 to 60 days  

2 Brake blocks 36 to 60 days  

3 Pantograph strips 36 to 60 days  

4 Compressor oil 180 days 

5 Minor brake programme 2 years 

6 Mini overhaul programme 6 years 

7 Lubrication 14 to 60 days 

3.7 Condition-based maintenance 

This is applied where equipment wear and tear is measurable. The measurement 

tool, condition, and corrective action must be known to the person executing the 

maintenance. An  example where this type of philosophy is applied is summarized in 

the table below (Bauer & Zhang & Kimber, 2009). 
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Table 2: Subsystem maintained by condition (Engineering, 2010) 

 

Description 
Measurement 
tool Condemning level Correct action 

Wheels Wheel gauge ve action Replace wheel 

Pantograph KM11 Up, down force diff > 2N Replace 

Traction 
motor Fein Pruff >80 micron's OOR 

Grid to less than 
10 micron's 

Brake system Brake test Fail on procedure 
Repair before 
release 

Transformer's Oil analysis 
>100ppm 
impurities/wetness Repair or purify 

Pantograph   Contact strips < 3mm 
replace contact 
strips 

Wheels Wheel gauge 

Wheel diameter within 
6mm/bogie & 
12mm/Locomotive 

UFL cut or change 
out wheel 

M.A Set's Fein Pruff > 80 micron's 
Grind to less than 
10 micron's 

Traction 
motor Ruler 

Brushes < 8mm above 
wear line Change brush 

    

3.8   Run to failure 

This type of philosophy will be applicable to components/equipment of which the 

wear and tear cannot be measured (Bauer & Zhang & Kimber, 2009) Typical 

examples can be globes, cab lights, instrument lights, electronic cards, rectifiers, 

choppers, semiconductor devices, thyristor, blocking diodes, cab hot plates, and 

windows. These components will be changed out after failure. 

3.9  Work load based maintenance (Bauer & Zhang & Kimber, 2009) 

This type of maintenance will be applied to a class of locomotives that work under 

specific conditions, be it high distance, dirty, hot or cold conditions. With high 

distance, one would have to decrease the time intervals for regular maintenance like 

chopper heat exchangers on 10E, 10E2 that operate in the manganese and iron ore 

environment. Dust from these products is highly conductive and requires regular 

cleaning of high voltage connections and heat exchangers on chopper tanks. 

Temperature extremes, whether hot or cold, might lead to restrictions in load 
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conditions such as degrading the MG 680 traction motor on the class 7E/7E2 from 

685 Amp down to 635 Amp to increase traction motor life. 

3.10   Upgrades and general overhaul (E. Bauer, 2009) 

This type of maintenance interventions happens around mid-life of the locomotive. 

Subsystems that are too costly to maintain or unreliable will be redesigned. By re-

designing certain subsystems, the locomotive’s performance (such as increasing the 

tractive effort or braking effort of the locomotive) might be enhanced. This will enable 

the locomotive to pull heavier loads. Upgrades would also provide opportunities to 

optimize maintenance. By putting in state of the art technology, certain maintenance 

interventions can be extended like changing from DC to AC drive systems that make 

it unnecessary for traction motors to be opened up and inspected. 

3.11   Root cause analysis (O'connor, 2002) 

In order to maximize the reliability of locomotives, it would be necessary from time to 

time to improve poorly performing sub systems. By applying well known theories 

such as Pareto Analysis, underperforming sub systems can be identified. In order to 

arrive at the root cause of failure, various techniques such as the five why’s and fish 

bone technique are applied. 

3.12   Run out maintenance (O'connor, 2002) 

This is a stage where the locomotive reaches the end of its useful life. It will then be 

maintained with available stock, after which it will be scrapped. Running 

maintenance will continue as long as wear and tear items are still available. No more 

money will be spent on overhauling of components such as traction motors and 

wheels. Locomotives withdrawn from service due to component failure will be 

cannibalized to keep the rest of the fleet in service until the complete fleet is staged 

and ready for scrapping. 
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3.13  Types of diesel locomotives 

3.14  Background  

It is generally acknowledged that the fundamental innovations in the development of 

transportation included the discovery of a wheel, the railway and the airplane. 

Railways in their present form made their appearance at the beginning of the 19th 

century in the British mines. Their main characteristic is the guided movement of the 

wheel by the track through metal-to-metal contact, conferring to the rail vehicle a 

single degree of freedom. Railway development was decisively influenced by the 

industrial revolution, the introduction of steam and the extensive exploitation of coal 

and iron mines. The first railway lines began operating in most European countries 

around 1830 and most railway networks attained maximum density at the beginning 

of the 20th century. A factor contributing to the massive growth of railways was high 

speed, which enabled fast connections (Stone. Lynn M. Steam Locomotive, Vero 

Beach 1999). This chapter describes the different types of locomotives – diesel and 

electric – used by Transnet and how they are organized. 

 

3.14.1 Rail transport 

Transnet Rail Engineering began its operations almost a century ago as the 

Mechanical Engineering Workshops of the South African Railways and grew in 

unison with the expansion of railways in the region. By 1990 when its owner, the 

South African Transport Services registered as Transnet Limited, Transnet Rail 

Engineering was formed as a separate division and now operates as a portfolio of 

eight national product-focused businesses being Locomotives, Coaches, Wagon, 

Foundry, Rolling Stock Equipment, Rotating Machines, Wheels and Auxiliary (Grabe, 

2010).  

According to the Transnet web-site, the processes of manufacture and overhaul are 

as important as the product itself and Transnet Rail Engineering is not only 

committed to increased research and development (R&D) but also to invest in new 

production equipment, infrastructure, and training of its personnel. This also includes 

a fully integrated computerized system of control extending to all activities. Turnover 

of refurbished, converted, upgraded or remanufactured rolling stock units per annum 

currently amounts to 11000 wagons, 150 locomotives, 500 coaches, and 52 000 
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wheels. In order to determine the challenges affecting reliability of diesel locomotives 

within the South African railway industry, it is important to understand the principles 

and characteristics of diesel locomotives (Transnet, 2011). 

3.14.2 The diesel locomotive 

The modern diesel locomotive is a self-contained version of the electric 

locomotive.  Like the electric locomotive, it has an electric drive in the form of traction 

motors driving the axles and controlled with electronic controls.  It also has many of 

the same auxiliary systems for cooling, lighting, heating, braking for the train.  It can 

operate over the same routes and can be operated by the same drivers.  It differs 

principally from the electric locomotive in that it carries its own generating station 

around with it, instead of being connected to a remote generating station through 

overhead wires.  The generating station consists of a large diesel engine coupled to 

an alternator producing the necessary electricity.  A fuel tank is also essential.  It is 

interesting to note that the modern diesel locomotive produces about 35% of the 

power of an electric locomotive of similar weight.   

3.15 Different types of Diesel Locomotives  

There are seven different types of classes on the diesel locomotives used by Transnet 

and one dual class of locomotive. The differences between these are their appearance, 

manufacturers (GE-General Electric, and GM (EMD) for electromotive diesel types), 

horse power, engine operation, arrangement and control system ( (Vos, 2010). Most 

GE locomotives engines are four strokes engines while EMD locomotives are two 

strokes engines. A diesel locomotive is a complex piece of equipment, whose system 

of operation has needs to be explained in detail. This is done in the chapter to follow. 

The table below outlines the different classes owned by Transnet as well as their bogie 

types, max speed rates and maximum axle loads.  From the table it can be noted that 

electrical locomotives are identified with the letter E while the rest are diesel 

locomotives.  
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Table 3: Transnet freight rail locomotives (Vos, 2010) 

 

Class Locomotive Bogie Type Max Speed 

(km/h) 

Max. Axle Load 

(kg) 

5E/5E1 Bo-Bo 100 21 000 

6E/6E1 Bo-Bo 113 22 000 

7ESeries Co-Co 100 21 000 

8E Bo-Bo 75 21 000 

9ESeries Co-Co 90 28 000 

10ESeries Co-Co 90 -100 21 000 

11E Co-Co 90 29 000 

12E Bo-Bo 150 21 000 

14E Bo-Bo 140 23 000 

15E Co-Co 100 30 000 

19E Bo-Bo 120 26 000 

33Series Co-Co 100 16 000 

34Series Co-Co 100 18 850 

35Series Co-Co 100 14 000 

36Series Bo-Bo 90 -100 18 000 

37-Series Co-Co 100 21 000 

39-Series Co-Co 100 21 000 

43-series Co-Co 120 26 000 

38-Class (Dual) Co-Co 100 21 000 

 

3.16  Main parts of a diesel locomotive 

The diesel engine was invented in the 1890's by Rudolph Diesel. By 1925 a diesel 

engine was already looking a lot like a car engine; in fact it can now be used in 

tractors, cars, trucks and many other pieces of machinery. The one difference 

between the internal-combustion engine that runs on gasoline and the diesel engine 

is that a diesel engine ignites the fuel without a spark. This happens when the piston 

in the engine compresses the air in the cylinder, and it gets hot. When the fuel is 

sprayed into the cylinder, it ignites, forcing the piston to move. In a diesel-electric 
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locomotive the diesel engine functions as a generator. The generators send the 

power to the wheels. The electricity from the generator runs a motor which turns the 

wheels.  

The diesel locomotive started taking over steam in the 1950's. Some advantages 

diesels have over steam are that diesels are cleaner, they do not need as much 

repair, they do not need to refuel as often as steam, and finally they are more 

powerful than steam. It might have taken two steam engines to haul a heavy train 

whereas one diesel can handle that train very well (Anon., 2005). 

3.17  Parts of a diesel-electric locomotive 

The following diagram shows the main parts of a diesel-electric locomotive. 

Figure 8: Parts of a locomotive (Odendaal, 2010) 

                

3.18  Summary  

 

This section gave a brief survey of transporting goods through railways. It further 

discussed the organization at which this research is being conducted, and 

elaborated on the products and services the organization renders. The chapter 

discussed the different types of diesel locomotives operated by Transnet and also 
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explained the major differences between the two types of diesel locomotives that 

Transnet uses. These differences are manufacturers, engine operation, structure, 

power rating and control systems.  
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CHAPTER 4: Data collection, analysis and results 

4.1  Introduction  

This chapter presents the findings, analysis and results of the case study research. It 

applies a number of techniques that can be used to analyse data derived from all 

participants. The objectives of the study was to explore the concepts of reliability 

engineering and maintenance management, and to provide guidelines on how these 

concepts can be used to improve the reliability of diesel locomotives within the South 

African railway industry. 

 

4.2  Data collection methods  

 

The study focuses on challenges affecting the reliability of diesel locomotives within 

the South African railway industry. For the purpose of this study, only GM diesel 

locomotives operating on inland areas were investigated. A questionnaire has been 

developed with the aim of identifying factors that are regarded as contributing factors 

to reliability. Individuals were requested to participate by marking an appropriate 

answer that best suits them from the questionnaire without the influence of the 

researcher. 

 

4.3  Equipment data analysis  

One of the engineering reliability tools that has been used to resolve the problem 

discussed in this research is the Pareto Analysis method. It is important to work on 

and correct the vital few problems that provide the largest financial gain to the 

business. Pareto’s distribution for reliability focuses on key elements that offer the 

largest financial gains by using the cost of unreliability. For example, 10 – 20% of the 

items on the list will count for 70 – 80% of the financial impact. These visual forms of 

the ranked cost of unreliability focus attention on solving the largest problem first and 

reserving the other problems to last because of their lack of bottom line financial 

impact (Barringer, 1996). Data analysed has been drawn from computerized 

maintenance system called SAP MORNACS. The Failure Reporting and Corrective 

Action System (FRACAS) commonly referred to a "Closed Loop Reporting System", 
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is instrumental in understanding how an equipment or system is actually performing 

in the field from a reliability (and maintainability) perspective (Barringer, 2006).  

The purpose of a FRACAS procedure is to provide the required method, guidelines 

and the responsibility for implementing a Failure Reporting and Corrective Action 

System and Data Reporting and Corrective Action System (DRACAS) that would be 

required for a particular project or programme. The FRACAS could require the 

support from many team members, who themselves are required to play an active 

role in the FRACAS process (Barringer, 2006). Figures 9, 10 &11 below show three 

different classes of the top failing locomotive that causes high production loses and 

poor reliability targets  

Figure 9: 34-class failing locomotives  

 

 

 

Figure 10: 35-class failing locomotives 
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Figure 11: 36-class failing locomotives  

 

 

 

Failures are further broken down per class of diesel locomotive and for each class 

the focus is on the top faults contributing to failures. Figures 12, 13 and 14 below 

show the top contributing faults reported towards per class. 
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Figure 12: 34-class failures 

 

 

Figure 13: 35-class failures 
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Figure 14: 36-class failures 

 

 

 

4.4  Results for equipment failure  

 

The organization reliability target is set to 90% and Figure 15 below shows the 

performance of each class verses reliability target. It can be noted that 34-class 

locomotives were having the most challenge in achieving reliability targets for the 

entire period of the year 2010. 35-class locomotives experienced reliability 

challenges during the month of June and the 36-class locomotive were the only fleet 

operating within the reliability target. The data below was drawn from the period of 

January 2010 to January 2011. 
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Figure 15: Availability  

 

 

It can be noted that once the Pareto analyses was implemented effectively from the 

month of November 2010, the reliability of the 34-class GM locomotives began to 

improve. It is important to work on and correct the vital few problems that provide the 

largest financial gain to the business. 

  

4.5  Other causes of reliability failure  

 

Early returns are those locomotives which were drawn out of service due to a failure 

or planned maintenance schedule. Planned maintenance is called an examination 

(exam), either for service maintenance or daily fuelling inspection. Figures 16 and 17 

below indicate the total number of three different classes of locomotives that caused 

delays. By focusing on the top 10 failing locomotives and the top 10 failures reliability 

of the diesel locomotives can be improved. This shows that by focusing on 20% of 

the faults 80% of failures can be eliminated. 
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Figure 16: Early returns  

 

 

Figure 17: Early returns 

 

 

 

It can be noted from Figure 15 above that for the entire 2010 period 

reliability/availability targets for the D34-class fleet was never achieved. 99% of the 

D34-class fleet that are contributing towards high failure rates and poor reliability are 

operating at Thabazimbi and that is where they were receiving examination and 

fuelling inspection with shortage of resources such as personnel and material. 
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4.5.1  Other data analysis 

 

The questionnaire in Appendix A was used to further investigate the possible 

challenges affecting the reliability of diesel locomotives operated by Transnet from 

the management perspective.  Only data that was relevant to the study was 

analysed and the results are indicated in the graphs below.  

 

1.    My knowledge towards the research topic is fairly good 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Disagree 1 2.9 2.9 2.9 

Moderately Agree 11 31.4 31.4 34.3 

Agree 16 45.7 45.7 80.0 

Strongly Agree 7 20.0 20.0 100.0 

Total 35 100.0 100.0  

 

Only 2.9% of participants were not familiar with the research subject. Majority of the 

participants had a fairly good understanding of the subject matter, representing 
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45.7%; another 20% strongly agreed and 31% moderately agreed that they know the 

subject matter fairly well. From these findings, conclusions can be drawn on the 

accuracy of participants regarding the causes and effects of reliability challenges as 

valid 

 

2.    Reliability of any equipment is determined by maintenance carried out 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Disagree 1 2.9 2.9 2.9 

Moderately Agree 6 17.1 17.1 20.0 

Agree 10 28.6 28.6 48.6 

Strongly Agree 18 51.4 51.4 100.0 

Total 35 100.0 100.0  

 

Niebel (1985) states that, for the overall engineering maintenance management 

programme to have high performance, improvements have to occur in terms of 

organization, control system, estimating and measurement of maintenance work, 

inventory control and use of maintenance materials, planning and scheduling, as well 
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as predictive and preventative maintenance. It is noted that that majority (51.4%) of 

the participants strongly agree that the maintenance management strategies that an 

organization adopts plays a role in achieving reliability targets. What this means is 

that one of the key requirements for achieving reliable products are the right 

maintenance strategies. 

 

3.    Availability of product/service is depended on reliability 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Moderately Agree 3 8.6 8.6 8.6 

Agree 21 60.0 60.0 68.6 

Strongly Agree 11 31.4 31.4 100.0 

Total 35 100.0 100.0  
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Availability (A) is defined as the probability that a system is in normal operation 

(Bauer, 2009). Blanchard & Fabrycky (1990) define reliability engineering as the 

probability that an item will perform a required function without failure under stated 

conditions for a stated period of time and that reliability can also be expressed as the 

number of failures over a period. The findings of this research confirm that this is 

true, indicated by 60% of participants agreeing and 31.4 strongly agreeing. This 

reinforces the fact that an organization cannot expect to have a reliable product or 

service if its reliability requirements are not being met. 

 

4.    Effectiveness of maintenance at my organization/department is excellent 

 Frequency Percent Valid Percent Cumulative Percent 

Valid strongly disagree 1 2.9 2.9 2.9 

Disagree 6 17.1 17.1 20.0 

Moderately Agree 18 51.4 51.4 71.4 

Agree 7 20.0 20.0 91.4 

Strongly Agree 3 8.6 8.6 100.0 

Total 35 100.0 100.0  
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A high moderate percentage (51.4 %%) was recorded on the effectiveness of 

maintenance strategies on rail engineering industry, followed by 20% of participants 

that agreed and 8.6% strongly agreeing. The literature further indicated that rail 

industries in South Africa are using maintenance management systems to achieve 

reliable products. However, the total percentage of 17.1% and 2.9% of participants 

that felt that their current maintenance is not effective is still too high, and 

improvements are still required in this regard. 

5.    Reliability of a product is depended on Logistics engineering 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Disagree 6 17.1 17.1 17.1 

Moderately 

Agree 

14 40.0 40.0 57.1 

Agree 13 37.1 37.1 94.3 

Strongly Agree 2 5.7 5.7 100.0 

Total 35 100.0 100.0  
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Scheduled maintenance is performed at constant intervals of time, even if the 

system is still working satisfactorily. This means that nothing is done in terms of 

maintenance until the system fails. As soon as this occurs, replacements, 

adjustments, or repair of components are done to restore the system to normal 

operation (Ramakumar, 1993). Only 17.1% disagreed with this, with the majority of 

participants agreeing that a logistic engineering plays a role in achieving the 

reliability of a product. 

 

6.    Reliability is time depend 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Disagree 2 5.7 5.7 5.7 

Moderately 

Agree 

12 34.3 34.3 40.0 

Agree 13 37.1 37.1 77.1 

Strongly Agree 8 22.9 22.9 100.0 

Total 35 100.0 100.0  
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Reliability is defined by Bauer (2009) as the measure of a successful system 

operation over a period of time or during a mission. During the period of the mission, 

no failure is allowed. More than 80% per cent of participants agree with this, and only 

5.7% recorded disagreement. It can thus be concluded from the literature review and 

the research findings that this is correct.  

7.    Reliability differs from Quality on a product 

 Frequency Percent Valid Percent Cumulative Percent 

Valid strongly disagree 4 11.4 11.4 11.4 

Disagree 9 25.7 25.7 37.1 

Moderately Agree 6 17.1 17.1 54.3 

Agree 10 28.6 28.6 82.9 

Strongly Agree 6 17.1 17.1 100.0 

Total 35 100.0 100.0  
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8.    Quality and Reliability Engineers share different objectives on a product 

 Frequency Percent Valid Percent Cumulative Percent 

Valid strongly disagree 3 8.6 8.6 8.6 

Disagree 10 28.6 28.6 37.1 

Moderately Agree 8 22.9 22.9 60.0 

Agree 13 37.1 37.1 97.1 

Strongly Agree 1 2.9 2.9 100.0 

Total 35 100.0 100.0  

 
 

  



60 

 

9.    Customers should always form part of reliability management system 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Disagree 3 8.6 8.6 8.6 

Moderately 

Agree 

11 31.4 31.4 40.0 

Agree 10 28.6 28.6 68.6 

Strongly Agree 11 31.4 31.4 100.0 

Total 35 100.0 100.0  
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11.   Gender 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Male 21 60.0 60.0 60.0 

Female 14 40.0 40.0 100.0 

Total 35 100.0 100.0  
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12. Age 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 21-25 yrs 8 22.9 22.9 22.9 

26-30 yrs 8 22.9 22.9 45.7 

31-35 yrs 9 25.7 25.7 71.4 

36-40 yrs 7 20.0 20.0 91.4 

Above 41 yrs 3 8.6 8.6 100.0 

Total 35 100.0 100.0  
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13.  Highest Education completed 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Grade 12 1 2.9 2.9 2.9 

Certificate/Diploma 18 51.4 51.4 54.3 

Degree and Above 16 45.7 45.7 100.0 

Total 35 100.0 100.0  
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14.  Number of employees in your organization/Department 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Less than 200 15 42.9 42.9 42.9 

201-300 6 17.1 17.1 60.0 

301-400 2 5.7 5.7 65.7 

401-1000 1 2.9 2.9 68.6 

1001-2000 1 2.9 2.9 71.4 

Above 2000 10 28.6 28.6 100.0 

Total 35 100.0 100.0  
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15.  Category of your organization’s product or service 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Railway 27 77.1 77.1 77.1 

Transportatio

n 

3 8.6 8.6 85.7 

Mining 1 2.9 2.9 88.6 

Other 4 11.4 11.4 100.0 

Total 35 100.0 100.0  
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CHAPTER 5:  Conclusions  
 

5.1 Introduction  

The study’s main objectives were to identify challenges affecting the reliability of 

diesel locomotives. The study further explored the correlation between maintenance 

management strategies aimed at reducing equipment failures and increased product 

availability, and how maintenance management systems can be used to achieve 

reliable products based on customer needs.  

Chapter One explained the rationale for the study, elaborated on the research topic 

and where the research was conducted. It also described the research design. It 

described the research methodology in detail and elaborated on the data collection 

techniques Chapter Two provided a literature survey on reliability engineering and 

maintenance management systems, while Chapter Three provided further 

discussions of the existing literature on reliability and maintenance management 

within the South African rail industry. Chapters Four shows the data collected and 

analysis, and this chapter presents conclusions and recommendations  

5.2  Findings 

The research seeks to provide guidelines to maintenance engineers based on 

information that can be used in decision making on maintenance management. The 

process must be easily understandable and should not be influenced by the level of 

expertise of the person performing the maintenance. This study explores the 

possibility of identifying challenges affecting the reliability of diesel locomotives in the 

South African Railway industry through analysis of data obtained from related 

literature reviews and feedback from questionnaires. 

 

Knowing what affects the reliability of any product will enable maintenance engineers 

or anyone for that matter to take correct informed decisions to improve the 

availability of a product. Although the study is conducted and based on diesel 

locomotives within the South African Railway industry, the findings can be applied in 

various different industries. 



67 

 

The successful identification of reliability challenges in any organization can lead to 

correct implementation of maintenance strategies, and the improvement of 

availability and reliability of products. In the process of doing this study certain 

shortcomings were identified which should be addressed in future studies. Perhaps 

the most important of these is the lack of participants from other organizations that 

form part of the support system in the railway industry. It can be noted that only 8.6 

per cent of participants did not agree that customers be excluded from the reliability 

system. This highlights the fact that lack of input by customers is a key factor 

affecting product reliability.  

 

The following were identified as factors contributing towards the failure of 34-class 

locomotives to reach their reliability targets: 

 Shortage of resources and materials to perform maintenance activities as 

scheduled; 

 Shortage of skilled and trained personnel to do maintenance activities as 

planned; 

 Absence of quality checks; 

 On a monthly basis (as revealed in Figure 12), high numbers of scheduled 

maintenance are planned but proper plans are not made for the required 

resources; 

 More than 90 per cent of participants had knowledge of the subject of the 

research; 

 Personnel conducting maintenance form a very crucial role in ensuring that 

reliability is achieved for any product with more than 60 per cent  agreeing with 

this observation; 

 It is also important to make customers happy; one of the key ways of doing this is 

through availability of customers’ product (more than 51 per cent of participants 

agreed that reliability determines the availability of the product); 

 Currently, the South African railway industry is facing a challenge with meeting 

reliability targets (only 40 per cent moderately agreed that their departments are 

performing with regard to reliability targets); 

 Majority of the participants believe that logistics engineering  plays an important 

role in achieving reliability of any product; 
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 To some extent, participants believe that ensuring quality and ensuring reliability 

require different procedures;  

 Reliability and quality Engineers are believed to have different objectives. 

5.3  Recommendations  

Reliability has been defined as the probability that a device will perform its required 

function under stated conditions for a specific period of time and that quality can be 

defined as how the recipient of the product or service views the product or service 

before buying, upon delivery, and after the delivery and use (Barringer, 2006) The 

researcher therefore recommends that: 

 

 Reliability and quality should not be viewed differently from each other. The 

South African railway industry needs to realize that reliable products cannot be 

achieved without quality, and that both qualities are interdependent; 

 

 Customers should form part of reliability management systems; 

 

 Developing ways of identifying possible failures before they actually happens is 

key to achieving reliability targets; 

 
 Maintenance engineers must be trained to work in the maintenance field and 

quality personnel should work hand in hand with maintenance personnel to 

ensure greater reliability and availability of products; 

 
 Resource planning and utilization plays an important role in eliminating reliability 

challenges. Over and under-utilization of resources leads to poor reliability. 

 
5.4  Recommendations for further research  

The researcher also recommends that further studies can be carried out to examine 

how quality management systems can be used within maintenance departments to 

improve on product reliability. Secondly, research can be done to investigate how 

quality engineers can work with maintenance engineers towards achieving reliability 

targets within an organization. 
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Appendix A: Interview questionnaire 

 

Research Title: 

Challenges affecting reliability of diesel locomotives within the  

South African Railway industry 

 

In this research, the study is interested in your views with regard to challenges affecting 

reliability of diesel locomotives within South African Railway industry. Please take a few 

minutes to complete the questionnaire below.  

 

You will be presented with a scale next to each question, please mark with an X over the 

number that best corresponds with your answer. For example, if you strongly disagree with 

the question you will put an X through the number 1. Below is the interpretation of the 

ratings: 

 

1. Strongly disagree 

2. Disagree 

3. Moderately agree 

4. Agree 

5. Strongly Agree  

 

By completing the questionnaire below, you would not only be making a valuable 

contribution to this research, but will also provide valuable insight which will help 

maintenance engineers to make constructive decisions. 

 

 You are assured of the confidentiality of your responses and thus no names of participants 

are required. 

 By completing the questionnaire below, you agree that the data can be used  to draw research 

conclusions. 
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Please complete the following: 

 

Section A: Strategic Planning 

 

Questions: 1-represent Strongly disagree, 2-Disagree,  

3-Moderately agree, 4-Agree and 5-Strongly Agree  

 

Mark with an “X” over the 

number that best correspond 

with your answer  

 

1. My knowledge of the research topic is fairly good 1 2 3 4 5 

2. Reliability of any equipment is determined by maintenance carried 

out 

1 2 3 4 5 

3. Availability of product/service is depended on reliability 1 2 3 4 5 

4. Effectiveness of maintenance at my organization/department is 

excellent 

1 2 3 4 5 

5. Reliability of a product is depended on Logistics engineering 1 2 3 4 5 

6. Reliability is time depend 1 2 3 4 5 

7. Reliability differs from Quality on a product 1 2 3 4 5 

8. Quality and Reliability Engineers share different objectives on a 

product 

1 2 3 4 5 

9. Customers should always form part of reliability management 

system 

1 2 3 4 5 

10. Comments: 
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Section B: personal Profile 

 

11. Gender 

 

 Female  Male 

 

12. Age 

 

 
 

Below 21 Yrs  21-25 Yrs 

 
 

26-30 Yrs  31-35 Yrs 

 
 

36-40 Yrs  Above 41 Yrs 

 

13. Highest Education completed 

 

 
 

Below Grad 12 

 
 

Grade 12 

 
 

Certificate and/or Diploma 

 
 

Degree and Above 

 

 

Section C: Organisation Profile 

 

14. Number of employees in your organization/Department 

 

 
 

Less than 200  201-300  301-400 

 
 

401-1000  1001-2000  Above 2000 

 

15. Category of your organization’s product or service 

 

 
 

Railway 

 
 

Transportation 

 
 

Mining 

 
 

Other 
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