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Summary 

 

This study contributes to the body of Clean Condition & Foreign Material Exclusion 

(CC&FME) knowledge regarding large transformer refurbishment in a workshop 

environment, particularly in the Transformer and Switchgear Services (TSS) 

workshop. With this study, the researcher ascertains if the current TSS CC&FME 

control system is sufficient or adequate enough to prevent the presence of foreign 

materials in the transformers. 

 

The detailed literature review looks into overall industry trends and how Original 

Equipment Manufacturers (OEMs) implement Foreign Material Exclusion (FME) 

programmes. Other issues that are dealt with are the key components of effective 

FME, training of personnel, documentation of the intrusion of Foreign Material (FM), 

recovery plans for known or suspected FM intrusion and inspection criteria for 

unrecovered FM. Previous incidents of FM - in transformers at the TSS Rosherville 

workshop – are also studied. Furthermore, the literature review also looks into the 

TSS workshop facility and its ability to maintain clean conditions and foreign 

material exclusion.  

 

During the literature review, system and obstruction analyses, stakeholder, 

processes and employee behaviour are discussed. By applying the systems thinking 

method, a process map (that shows exactly how actions, processes and procedures 

at TSS do not support FME) becomes a visual tool - casual loops - for motivating 

change. By capturing the interaction of feedback loops, the researcher is able to 

discover repeated patterns of behaviour and identify the processes that are 

responsible for stimulating the existing order.  

 

The type of research methodology needed for this research is a mixed-method 

approach (qualitative and quantitative). It is anticipated that more applicable 

conclusions - that both address the central research question and shed light on 

alternative ways of preventing failure caused by FM - will be drawn by utilising this 

theoretical perspective. To maximise the fullness and accuracy of data, case studies 

of previous transformer failures - caused by foreign materials - are carried out. 

 

One of the findings of the research indicates that taking personal responsibility is 

the foundation of an effective CC&FME programme. All personnel working in the 

clean condition area should share a common responsibility for foreign material 

exclusion in order for the process to be a success. The process of CC&FME requires 

a careful, thoughtful, and professional approach by all employees. Another finding 

is that it is only through clean condition training and induction that all those 

working in the transformer refurbishment area know the purposes and importance 

of the CC&FME process and also how it can benefit them and the organisation.  



 

 

 

There is no consistency by TSS supervisors and their employees when it comes to 

deciding the level of clean condition required in each transformer. 

 

Emphasis of a good CC&FME programme should be on change in attitude of all 

those involved in the process. This change should have a specific emphasis on 

prevention rather than mitigation and recovery. This thinking allows all those 

involved to become overseers of the FME program by being responsible for thinking 

through activities before performing them. FME should not be just a procedure but 

a way of doing good business. In closing, the employees’ understanding and 

implementation of the FME program is critical to the overall success of the FME 

program. 
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Chapter 1: Introduction 

 

Medium and large transformers are highly reliable electrical devices/plant provided that 

no foreign objects are left inside this equipment during processes – such as 

maintenance, refurbishment or modification - that could affect their operation. These 

devices/plants can last the full lifespan of the power stations, which is normally 

between 30 and 40 years, provided that these are maintained properly (Mbokodo, 

2012).  

 

Foreign materials or objects can be described as metallic debris (shavings, fillings, 

etc.), rags and any other material either not belonging inside the transformer or 

objects not in their correct place (Mbokodo, 2012). Transformers are by nature 

sensitive to foreign materials. These machines particularly do not like having magnetic 

metallic objects such as bolts, nuts, wires, tools, shavings and/or other similar objects 

inside.  

 

The cleanliness of transformers and their surroundings, including lifting gear used to lift 

the various components, is essential to prevent the ingress of foreign objects or dirt 

into the transformer during a transformer repair, refurbishment or rewind. Metallic and 

conducting objects left lying in the transformer can cause considerable damage when 

the transformer is in use. Various forms of dirt and debris can block cooling ducts with 

similarly disastrous results. Preventing the introduction of foreign materials into a 

transformer requires a careful, thoughtful, and professional approach by all personnel 

involved in the refurbishment of transformers.  

 

Foreign material exclusion mainly focuses on a prevention attitude which requires 

that individuals think through activities before these are performed to prevent the 

introduction of foreign material into the transformer.  

 

1.1 Company background 

 

1.1.1 Eskom Rotek Industries as a company 

 

Eskom Rotek Industries (ERI) forms part of Eskom’s non-regulated businesses grouped 

under the Eskom Enterprises SOC Holding Limited umbrella (Eskom, 2015). Figure 1-1 

below shows how the six ERI Product Groups operations are clustered and aligned to 

the Eskom value chain.  
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ERI started off as three separate companies known as Rotek Engineering, Roshcon and 

Rotran. The process to merge these three organisations into a single entity started in 

2010 and was completed in 2015 with the mission to provide high quality, mission-

critical services to Eskom’s lines of business and evolving Africa strategy. 

 

 

Figure 1-1: ERI operations clustered around six product groups aligned to the 
Eskom value chain 

(Source: Eskom, 2016) 

 

 

1.1.2 TSS as a company 

 

Previously part of Rotek Engineering, the Transformer and Switchgear Services 

(TSS) product group has remained largely the same but has now been 

strengthened by the combined weight of the other product groups (Figure 1-2), 

enabling it to tackle a more complex and more ambitious range of projects within 

the electricity-generation industry. One of the objectives of this product group is to 

deliver to end users a good quality product within budget and timeframes.  

 

TSS offers maintenance, repair, modification and refurbishment of transformers 

and switchgear components. This can take place either on site or at the Rosherville 

workshops. The Rosherville workshops have capabilities to manage large (600T) 

and medium (200T) transformers. This enables the product group to rewind 

transformer units up to 1000 MVA fully and to conduct major transformer overhauls 

with a fairly comprehensive guarantee, including transformer remanufacturing as 
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well as the refurbishment of tank and parts. The workshops also cater for high 

voltage and heat-run testing as well as engineering investigations. Included in the 

Rosherville workshops are all the facilities needed for transformer modification, 

repair, refurbishment and maintenance. 

 

 

Figure 1-2: Eskom Rotek Industries Organisational Structure 

(Source: Eskom, 2016) 

 

 

1.2  Transformational business reality (The Da Vinci Way) 

 

Organisations are constantly forced to reduce costs, improve customer service and 

products, locate new opportunities for growth, and increase productivity. The 

organisation should clarify their current reality and change drivers, shape a vision for 

the desirable organisation, develop action plans that move them towards that future 

and address information, processes, structure, and relationship issues (Kaplan, 2012). 

Transformational business models must be designed around ways to improve the 

customer experience, not around ways to improve the performance of the current 

business model (Kaplan, 2012). 

 

Tomorrow’s world will be different from today’s reality. Therefore new organisational 

and individual strategies and approaches will be required to deal with this accelerated 

change (Da Vinci, 2014). Organisational transformation cannot be seen as a shocking 
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but short-lived moment in a company’s history as it is not an event but rather a whole 

era. When transformation is expected to define an era, it is managed differently. 

Struggling with growing competition and globalisation, more and more companies are 

trying to effect a fundamental change in the way they operate either by introducing 

innovative improvements or at least by improvement programs in every business 

function and process (Mascarenhas, 2011). 

 

In 2010, the three Eskom subsidiaries - Rotek, Roshcon and Rotran - began a process 

of creating a new company. This caused the birth of a strategic integration project 

(SIP). This phase of SIP required a lot of people management and organisational 

changes. A new organisational structure was adopted. The three single entities merged 

to meet future organisational challenges, shift performance and grow sustainably into 

the future.  

 

(Kotter, 2012) says that one of the steps to creating a climate for change is getting the 

right vision. As part of the organisational transformation, the mandate, vision and 

values was changed so that these can be in line with the broader Eskom Holdings. The 

organisation developed a widely inspiring vision and strategy for achieving 

transformation. These were changed as follows: 

Mandate 

To provide strategic and commercial lifecycle services to Eskom’s line divisions, 

cost effectively. 

Vision  

We will be for Eskom, a World-Class Energy Industry Support Service Company. 

Mission  

To become a sustainable and profitable business within Eskom Enterprises - 

which provides high-quality, mission-critical engineering services to Eskom’s Line 

Divisions - that supports Eskom’s energy industry’s evolving African Strategy. 

 

Eskom Rotek Industries established a formal department in April 2010 that deals with 

foreign material exclusion (FME). The sole purpose of this department is to provide 

clean condition and foreign materials exclusion (CC&FME) services to Eskom Generation 

as well as Turbo Gen Services (TGS) and Transformers & Switchgear Services. The 

CC&FME department has the mandate to be an independent service provider that 

makes sure foreign material stays out of generators and transformers. The CC&FME 

department is housed under the risk and resilience product group together with 

integrated risk management, plant compliance, security and Safety, Health, 

Environment and Quality (SHEQ). This product group’s key strategic focus areas are 

safety and security in Eskom Rotek Industries. 
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As the department is housed outside the Turbo Gen Services and Transformers & 

Switchgears product group – which is executing the technical aspect of the projects – it 

is able to be fully independent and impartial. This service is of a strategic nature in the 

Eskom business as per the current contract between Eskom Holdings and Eskom Rotek 

Industries. This also makes the CC&FME department the only service provider that can 

execute such work as there is presently no competition in the current market 

environment. 

 

The CC&FME department was established because it was one of the recommendations 

detailed in the Executive report on the Koeberg bolt-in-the-generator incident (Rodseth, 

Nicholls, & Mthombeni, 2006). The investigation found that clean conditions control - 

undertaken by ERI - was not effective.  

 

Transformation is difficult. It is vital to make it easier by creating conditions for on-

going experimentation. Successful change occurs when there is commitment, a sense 

of urgency or momentum, stakeholder engagement, openness, clear vision, good and 

clear communication, strong leadership, and a well-executed plan. Available literature 

shows that there are many ways of realising transformational business reality. Different 

authors list a number of steps that can be undertaken to achieve business 

transformation. An organisation can also follow diverse steps to achieve business 

transformation. 

 

1.3  Transformers 

 

According to (Pansini, 1998), a transformer is a device that has no moving parts. It 

transfers electrical power from one circuit to another by electromagnetic, usually 

with changes in values of both voltage and current. Transformers are an integral 

part of power systems and their reliable operation directly impacts the whole 

network. Transformers may be used to step up or step down input voltage 

depending on the relationship between magnetism and electricity. The majority of 

household appliances operate at a lower voltage, hence the need to step down.  

 

1.3.1 The making of a transformer 

 

For the purpose of this research, it can be assumed that a transformer consists of 

the following main components: 

  

1.3.1.1 Tank 
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A transformer’s tank defines its appearance and acts as a protective shell that 

accommodates the core, winding assembly and the insulating oil. Welds are dye-

penetrant tested to ensure that there are no leaks. Specific joints, which may be 

stressed during handling and transport, are ultrasonically tested. Tank interiors are 

normally painted a light colour to improve visibility. 

 

1.3.1.2 Active part (core) 

The core forms the central element of every transformer and is made up of 

individual metal sheets. 

  

1.3.1.2 Windings (coils) 

Transformer windings are subject to continuously high electrical and mechanical 

loads. There are generally four types of transformer windings: disc, layer, helical 

and foil. These are manufactured on vertical and horizontal winding lathes. After 

winding, the coils are pressed, dried under constant pressure, impregnated with oil, 

measured exactly, and geometrically adjusted if required. 

 

1.3.1.2 Tap changers 

Tap changers are used for voltage control since grid and generator voltage can 

differ significantly owing to external factors. Some tap changers are fitted with a 

motorised drive and can be controlled either locally or remotely. 

 

1.3.1.2 Cooling system 

Various methods of cooling can be used depending on the individual service 

conditions of the transformer. The two most commonly used cooling methods are 

the oil-air cooling and oil-water cooling systems. The radiator banks can either be 

attached to the transformer or installed separately. 

 

1.3.1.2 Bushings 

Different types of bushings are used on transformers, with two most common types 

of bushings being solid porcelain on smaller transformers and oil-filled condenser 

on larger transformers.  

 

1.3.1.2 Various other parts 

Winding cylinders and spacers are made from high-density pressboard. 

Transformers are filled with oil and other attachments such as motor drive, 

buchholz relay, control cabinets, pumps and fans. Monitoring equipment is also 

installed. 

 

1.4  Problem background 
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If foreign materials are left inside a transformer these can cause catastrophic failure 

during return to service of the transformer. Since the inception of the CC&FME 

department, the organisation has managed to master and fully implement the 

CC&FME system in the Turbo Gen Services product group. When working on 

generators, be it in the workshop or at power stations, clean condition control is 

implemented fully as per the current procedures, policies and work instructions.  

 

The implementation of CC&FME best practices in Eskom Generation and Turbo Gen 

Services has been effective in making sure that there are no foreign materials left 

in the generators. The TSS product group, however, is still a concern as they have 

not been able to adapt and fully utilise the services of this department in the 

managing of their clean condition control. The TSS Rosherville workshop has three 

main sections where refurbishment and repair of transformers take place. These 

sections are: 

• 200T Section, 

• 600T Section, and 

• Coil Winding North and South Sections. 

 

The key issues are that these sections previously had their own different set of 

procedures and policies regarding working with clean condition control. The 

procedures used were outdated and did not relate to current industry best practice.  

 

These procedures and policies were subsequently incorporated into a revised single 

work instruction, F-141. From this revised work instruction and the current working 

practices, the following can be deduced: 

 

• There are different sets of rules for different level of employees in the 

organisation.  

• Designated clean condition areas do not conform to industry best practice. 

• Employees and management do not apply the current clean condition work 

instruction that is in place at the moment.  

• TSS works production department is the custodian of clean condition control. 

They are also responsible for executing the refurbishment and repairs of 

transformers. In the researcher’s view, this creates a conflict of interest as 

they have to maintain a fine balance between following a clean condition 

work instruction that could be perceived as causing production delays. 

• The control of personnel, materials, and tools into power transformers in 

such a manner as to prevent the ingress of foreign objects or dirt during a 

transformer outage is not being done correctly or in line with best practice. 
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• Employees working on transformers appear not to be aware of the 

importance of taking personal ownership and the promotion of FME. 

• The present workshop layout was not designed with clean condition control in 

mind and it is outdated. The layout urgently needs to be updated to include 

all aspects of “clean condition control. 

 

From the researcher’s point of view, the reason why the current study should be 

undertaken is that damage caused to transformers - as a result of foreign material 

ingress during outages – presents major financial losses for Eskom, which far 

outweigh the already-considerable costs of repairing the machines themselves, 

never mind the cost to the economy owing to loss of supply continuity. This in turn 

could have adverse effects on the tariffs and quality of service to Eskom’s 

customers.  

 

With this research, the researcher hopes to obtain strategic data to enable him to 

present the results and findings to the TSS product group management and 

CC&FME departmental management for consideration and implementation. Power 

utilities and original equipment manufacturers (OEM) throughout the world 

generally place a strong emphasis on FME and clean conditions control on 

transformers. 

 

According to (General Electric Company, 2009) cleanliness issues during 

manufacturing, installation, and commissioning can cause delays in delivery, 

performance degradation, and unit damage. CC&FME is mainly dependent on the 

human element for success as people control the movement of tools, equipment 

and materials within the designated working area. The basic concepts or 

fundamentals of an FME program include cleanliness, human element, asset 

tracking, visibility and equipment inspection (EPRI, 2007). 

 

According to (EPRI, 2007), the user’s attitude should be one of prevention versus 

mitigation and recovery. This attitude requires that individuals think through 

activities before performing these in order to prevent the introduction of FM. This 

attitude is consistent with good practices, such as self-checking, peer checking, as 

well as pre-job and post-job briefs.  

 

1.5  Rationale  

 

1.5.1 Ontology 
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The researcher currently works as a project manager in the CC&FME department. 

He is responsible for managing all aspects of clean condition control work at the 

Rosherville workshop, which consists of two product groups:  

• Turbo Gen Services – In this product group, clean condition and FME work - 

related to generator stators, generator rotors and generator exciters - are 

performed. 

• Transformers & Switchgear Services – In this product group, clean condition 

and FME work - related to 200T and 600T transformers as well as coil 

windings for such transformers – are performed. 

 

The researcher’s view is that the employees’ culture – and how they view CC&FME 

in the various product groups – are completely different from each other. Turbo 

Gen Services embraces the concept of CC&FME while TSS is finding it difficult to 

embrace it. The researcher’s desire to perform this research is based on the need 

to see positive change in the TSS workshop. 

 

1.5.2 Epistemology 

 

The researcher’s plan - on how to achieve a positive change in the TSS workshop - 

will be through mixed method research. As research is a way of obtaining 

information, it is important that such information is gathered as accurately as 

possible in a systematic and methodical way. Acceptance of the proposed 

recommendations and findings to the problem will be based on logical and 

reasonably acquired new information. 

 

1.6 Purpose of the study  

 

This study contributes to CC&FME knowledge in large transformer refurbishment in 

a workshop environment, particularly in the TSS workshop. The research problem 

provides the context for the research study and shows what the question the 

researcher is trying to answer 

 

1.6.1 Research problem statement 

 

It is the view of the researcher that, in TSS, there seems to be a general 

unawareness of the importance and necessity of properly applying CC&FME 

processes when refurbishing large transformers. As it is now, the CC&FME model in 

place is only about the control of personnel in the clean condition areas.  
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1.6.2 Aim 

 

With this study, the researcher would like to ascertain if the current TSS CC&FME 

control system is adequate enough to prevent the occurrence of foreign materials in 

the transformers, identify any areas that need improvement include these in the 

development of a new effective, efficient and dynamic process and control system 

that has the buy-in from staff and management alike.  

 

1.6.3 Objectives 

 

The research seeks to explore the following objectives:  

 

Dimension: Training and job climate evaluation 

Objective 1: To determine how human elements affect FME 

Objective 2: To ascertain if cleanliness issues during refurbishment can cause 

delays in delivery, performance degradation and unit damage 

 

Dimension: Clean condition area 

Objective 3: To determine if the current facilities layout is ideal for CC&FME 

 

Dimension: Processes and procedures 

Objective 4: To determine how different policies and procedures affect the 

management of FM 

Objective 5: To determine how to handle FME-related situations 

Objective 6: To ascertain the ideal CC&FME control system or model for TSS 

Objective 7: To determine how transformer OEMs conduct CC&FME when building 

or refurbishing transformers 

Objective 8: To determine the impact that can be caused by FM 

 

1.6.4 Central question 

 

What is the ideal CC&FME control system and resulting best practice for ensuring 

that there is no FM left inside a transformer during refurbishment?  

 

1.6.5 Sub-questions 

 

SQ 1: Is there a need for clean condition and FME in transformers at the TSS 

Rosherville workshop? 
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SQ 2: What steps can be taken to prevent FM from damaging transformers and 

what solutions can be recommended to Eskom? 

SQ 3: How does one determine the impact caused by FM? 

SQ 4: How does an organisation handle FME-related situations? 

SQ 5: What are the methods of reducing failure caused by FM? 

SQ 6: What is regarded as FM in transformers? 

SQ 7: Why is FM not required in transformers? 

SQ 8: Is there a way of making sure there are no FMs left inside the transformers 

after refurbishment or maintenance at the TSS Rosherville workshop? 

SQ 9: Why is TSS not complying with the current clean condition process? 

SQ 10: Is the workshop environment adequate and conducive for clean condition 

processes? 

 

1.6.6 Assumptions 

 

The assumptions made when performing this type of research are as follows: 

• FM are - and will still be - left in transformers because of the human factor. 

• New solutions to the current problem can still be found. 

• The current CC&FME control system or model employed at the TSS workshop 

is not ideal and effective. 

 

1.6.7 Return on investment 

 

As with any research that is sponsored by an employer, there is an expectation 

from the employer/sponsor about what the research should be about and the 

expected deliverables. The employer can expect reduced Unplanned Capability Loss 

Factor (UCLF), which deals with power generation losses (also known as load 

losses) owing to unplanned or forced outages (i.e. plant breakdowns). In Eskom 

terms, unplanned outages are shut downs that were not scheduled at least four 

weeks in advance. UCLF can be reduced by having less unplanned plant shut downs 

owing to FM in transformers.  

 

By reducing UCLF, the South African community will also benefit by having a 

constant uninterrupted power supply to factories, mines, shops and households. 

This will greatly improve the economy and quality of life for residents. On a 

personal level, the research will assist the researcher in advancing his career within 

the organisation and beyond by transforming him into an expert on this matter 

while also sharing lessons learned as well as possible solutions with management 

and in the workplace.  
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1.6.8 Limitation of scope of research 

 

The selected topic applies to Eskom Rotek Industries TSS Product Group whose 

main function is the refurbishment and maintenance of medium and large 

transformers.  

 

1.7  Previous research 

 

A study was done into the Optimization of Transformer Workshops but it focused on 

the material-handling system and finalisation of the facility layout (Jonker, 2011). 

Another piece of research focused on FME failures of large turbo alternators (Singh, 

2009). The researcher could not locate any research done within Eskom on FM and 

transformer related failure that focuses on the optimisation of the TSS Rosherville 

Workshop Control System. 

 

1.8 A guide to dissertation chapters 

 

The structure and presentation of the dissertation takes the following generally 

accepted format. Chapters will have subsections for clarifying the topics under 

discussion. 

 

Chapter 1 – Introduction 

This chapter sets the scene of the research. The reader is introduced to Eskom and 

TSS as an organisation. Transformational business reality is introduced to clarify 

the current organisational reality, change drivers and vision for the desirable 

organisation. Transformers and the concept of clean condition and foreign material 

exclusion is discussed briefly. The research question and objectives are also set in 

this chapter.  

 

Chapter 2 – Literature review (CC&FME) 

This chapter looks into overall industry trends and how OEMs implements FME 

programmes. Other issues that are looked at are key components of effective FME, 

training of personnel, documentation of the intrusion of FM, recovery plan for 

known or suspected FM intrusion and inspection criteria for unrecovered FM. 

Previous incidents of FM in transformers at the TSS Rosherville workshop are also 

reviewed. 

 

Chapter 3 –Literature review (Managing the System Way) 
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This chapter looks into the TSS workshop as a system and its susceptibility to clean 

condition and FME. Topics such as waterfall model, foundations of systems thinking, 

mess formulation and current reality, as well as the three states of a system are 

discussed. The researcher also discusses system and obstruction analysis.  

 

Chapter 4 – Research methodology  

This chapter describes how the research is conducted and also what was the 

rationale for performing it in the chosen way. It will also give details on what the 

researcher did to answer the research question. The chapter describes how the 

results were analysed. The researcher defines the materials used in the study and 

explains how the materials were prepared for the study. Methods of data collection 

and analysis are also explained. 

 

Chapter 5 – Research findings: Analysis and discussion  

This chapter covers the data analyses and interpretation of the results obtained 

during the research. It also covers a brief rephrasing of the research question and 

informs the reader what tests were used to assess the research question and the 

associated results. The analyses of the obtained data and the concluding results - 

with concrete recommendation pertaining to the way - are discussed in detail in this 

chapter  

 

Chapter 6 – Conclusions and recommendations 

The following topics will be concluded on: 

 

• What needs to change going forward? 

• How is the researcher going to change the current environment? 

• What needs to happen next?  

• How do staff attitude and behaviour need to change and what does the 

researcher propose in this regard?  

 

1.9 Chapter summary and conclusions 

 

A lack of sharing of information on operating experience is one of the major 

contributors to some events. If previous similar events had been recognised 

throughout the industry, their recurrence might be avoided. This study is expected 

to add significant value to the field of clean condition and FME in transformers and 

switchgears. The study is expected to produce suggestions for policy, standards 

and procedures changes related to FME in Eskom.  
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While much has been done over the past few years to develop policies and 

procedures promoting awareness on FME, resulting in the adoption of world best 

practices, much work still remains to be done.  
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Chapter 2: Clean condition and FME 

 

Reviewing literature is crucial for gathering information that is relevant and useful to 

the dissertation. Any work that involves opening or exposing the active part of a power 

transformer to the atmosphere must be strictly supervised, controlled, inspected and 

certified to eliminate contamination of the transformer (Mbokodo, 2012).  

 

Eskom requires that during a power transformer outage, a clean condition area is 

established to control access of personnel, materials, components and tools to the area 

to prevent the ingress of foreign material into the transformer and associated systems 

during repairs or any intrusive work being performed. The Electric Power Research 

Institute states industry experience shows that effective FME programs emphasise 

prevention versus mitigation and recovery methods (EPRI, 2014). 

 

In this chapter, the researcher explores literature on clean condition and FME as well as 

its various elements in a bid to understand the role these concepts play in the 

prevention of foreign materials in transformers. This review will also examine the 

governance and leadership processes and their effect on clean condition and FME. This 

review takes note of factors that motivate and deter the company employees and 

managers from buying-in to the clean condition process.  

 

Information regarding attitudes and specific reasons for not following the CC&FME 

process are studied to see if there is a link between attitude and not following the 

process. The review is done in relation to the research sub-questions which are posed 

in Chapter 1. 

 

2.1  The concept of clean condition and FME 

 

FME is vital to the safe and reliable operation of power plants. An organised approach to 

FME is necessary because the sources of foreign materials is essentially infinite and the 

possible preventative methods are numerous and, in most cases, unique to particular 

plant configurations. 

 

Rework associated with foreign material intrusion increases operations and 

maintenance costs, and replacement energy costs owing to extended outage times 

(EPRI, 2014). Single instances of foreign material intrusion have cost hundreds of 

millions of US dollars because of damage to plant equipment and complicated recovery 

requirements. 
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It is important that all people working in a specific plant or with equipment understand 

the potential sources of foreign material, basic FME work practices, the need for 

preplanning systematic measures to prevent foreign material intrusion, and the 

consequences of foreign material intrusion. It should also be noted that the traditional 

approach of cleaning up afterward is not sufficient to meet the objective of FME. 

 

2.1.1 The purpose of FME control 

 

The main purpose of establishing FME control is to launch the process for 

preventing the uncontrolled introduction of foreign material into transformers and 

recover from instances of contamination. The emphasis of this process is intended 

to provide positive controls before and during work rather than relying on 

mitigation and recovery after foreign material enters systems or components (EPRI, 

2014). 

 

FME control requires good human performance practices, such as a questioning 

attitude, self-checking, peer checking, as well as pre-job and post-job briefs. 

Procedures, work instructions and guidelines have been developed to prevent the 

introduction of foreign materials such as residue, dirt, debris, tools and equipment 

into open transformers and other related systems to avoid equipment damage. At 

workshops and plants - where FME practices have not been followed – there has 

been significant damage and economic loss when materials end up in equipment 

where these do not belong. 

 

2.1.2 The work process of conducting an FME task 

 

The FME process is primarily a thought process that produces foreign material intrusion 

preventive actions applicable to particular tasks (EPRI, 2014). The FME control process 

should interface with other programmes and processes such that these should support 

the needs of the FME process if the FME process is to succeed. In such cases, those 

programmes and processes are a supplier of services or information needed by the FME 

process. In addition, the FME process should support other programmes and processes 

with certain services and information if those processes are to succeed. Figure 2-3 

below shows typical process of conducting an FME task as per EPRI. 

 

The basic solution to the successful execution of FME controls are recognition, 

understanding and cooperation. Where workers recognise the need for FME controls, 

understand their responsibilities, act accordingly, and cooperate with one another while 

performing work tasks within an FME area, successful FME control is easily achievable 

(Urjan, 2008). 
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Figure 2-3: The EPRI FME process 

Source: (EPRI, 2014) 

 

 

2.1.3 Levels of FME 

 

One of the attributes of systems with few FME issues is to have well-defined FME 

risk levels. In general, two different FME risk levels are sufficient to address most 

plant situations: “high risk” and “standard risk.” Level determination should 

consider the possible consequences of foreign material intrusion, the probability of 

foreign material intrusion, and the difficulty of foreign material detection and 

recovery.  

 

When working on equipment that requires FME, consistency among all workers, 

supervisors, managers, and observers in selecting the risk level is vital. Therefore, 

it is imperative to choose one of the two methods and apply it consistently. It is 

also important to specify clearly the standardised criteria used to decide which 

method everyone will use for each case. 
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Figure 2-4: FME level determination flowchart 

Source: (EPRI, 2014) 

 

 

A good method of selecting the appropriate FME risk level is to use a flowchart to guide 

the decision. The flowchart or matrix - as shown in Figure 2-4 above - should be 

provided in a procedure that is signed by a competent authority. 

 

2.1.4 FME good work practice 

 

Some of the FME good work practices are based on common sense methods to keep 

unwanted material out of the systems, equipment and components and to deal 

properly with it when detected or inadvertently introduced. 
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Rags, gloves, and other similar materials should not be stuffed inside piping for use as 

FME devices. Good housekeeping is a cornerstone of FME performance therefore 

eating, drinking, spitting and chewing within the boundaries of an FME zone should be 

strictly prohibited. Workers should remove all items from their person/pockets that are 

not necessary for the activity they are performing. 

 

2.1.4.1 Leadership by example 

Management must take the initiative to ensure that they set a good example for all the 

workers and any other personnel involved in the FME area by adhering to existing FME 

procedures. 

 

2.1.4.2 Employee training 

Employee training is one of the cornerstones of an effective FME program. Training 

should be incorporated into all operations training programmes offered. An FME-specific 

training programme should also be available. 

 

2.1.4.3 Post-FME incident evaluation 

Post-FME incident discussions with involved employees are one of the most effective 

ways of identifying and preventing a recurrence of process-related FME incidents.  

 

2.1.4.4 Other good practices 

Other general good practices include ensuring that external surfaces are clean and 

continuous housekeeping are included as work progresses. Work is also stopped when 

suspecting that there is loss of FME control. 

 

2.1.5 Worker responsibilities 

  

All personnel working in the clean condition area should share a common responsibility 

for FME for the process to be a success. Although different levels of employees - from 

artisans to management - have specific roles to play in the process, preventing the 

introduction of foreign materials into a transformer requires a careful, thoughtful, and 

professional approach by all employees. 

 

2.1.6 Methods to prevent foreign material intrusion 

 

2.1.7.1 Control of airborne FM 

Airborne FM may be controlled by containing the source activity within tents, tarps or 

other barriers erected around the generating activity. This method has the advantage 

of limiting the impact of foreign material ingress on in-service or operating equipment. 
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This method also eases the effort involved in clean-as-you go because the exposed 

area is limited. 

 

 

2.1.7.2 Control of deliberately introduced FM 

Some activities - such as welding, grinding or certain non-destructive evaluation 

methods - introduce FM into systems to meet a particular need. Welding or grinding 

debris can be limited by use of pipe plugs to eliminate transfer to inaccessible regions. 

Vacuuming alone is not always sufficient to ensure material removal. 

 

Welding rods should be accounted for in the FME register before being brought into the 

FME area. On job completion, all unused welding rods and used rod stubs - that were 

introduced into the FME area - should be accounted for. 

 

2.1.7.3 Overhead cranes 

Overhead cranes travel over open systems and equipment, routinely creating the 

potential for foreign material intrusion. An inspection of the overhead crane, including 

crane rails, should be performed before its operation. Any load that passes through an 

FME area should be inspected to ensure that these are free of any debris. 

 

2.1.7.4 Documents in work areas as a source of debris 

Secure all sheets of paper such as procedures, work packages, drawings, and signage 

used in and around open systems and components. Pages should be accounted for and 

secured by an approved method (for example, with a clipboard, notebook, coloured 

plastic sleeves). Staples and paper clips have the potential to become foreign material. 

 

2.1.7.5 Tools and materials 

Tools and materials are a major source of potential FM (EPRI, 2014). It is advisable 

only to introduce tools and materials into the FME area as and when required to 

support current work activities. All equipment and components should be inspected for 

loose, broken, or missing parts and FM before installation. Replace worn or damaged 

tools – these can be secured with lanyards when being used in the FME area to avoid 

being dropped. Tools, materials and equipment registers should be used to account for 

all items that enter and leave the FME area. 

 

2.2  Standard for transformer outage clean conditions in Eskom 

 

Eskom generation has a standard procedure with unique identifier 240-56356472 that 

is used when working on power transformers. The purpose of such a standard is to 
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ensure that Eskom achieves the required performance and useful life out of its power 

transformers at power stations. 

 

In a power station, there are transformers that are deemed to be essential to the 

continuous running of a generating unit or the power station. Some of those 

transformers are: generator transformers, unit transformers, service transformers and 

station transformers. The following literature describes the requirements - as set out by 

Eskom - when working on such transformers. 

 

2.2.1 Preparation 

 

At the beginning of any transformer outage and before any dismantling is started, 

there are minimum requirements that must be complied with. Those requirements 

include: 

 

• Transformer area to be barricaded off and divided into a restricted and clean 

condition area, 

• The barricaded area is to be thoroughly cleaned and have no dirt, rags, bolts, 

nuts, washers, etc.,  

• A permit system to control the movement of personnel must be enforced, 

• A dedicated toolbox with an inventory list is to be used, and 

• Prohibitory entry signs to be affixed at each entry point to the clean condition 

area warning unauthorised persons not to enter the area. 

 

2.2.2 Cleanliness of the transformer 

 

Anyone who is in any way associated with transformers is made aware of the 

importance of taking personal ownership of the need to avoid any form of 

contamination.  

 

2.2.3 Reporting of lost or missing items 

 

The responsibility is placed on everyone - working in the clean condition area - to 

report lost, misplaced or broken tools or materials as soon as the loss or 

misplacement is noticed to the area supervisor.  

 

2.2.4 Searching for lost or missing items 

 

The personnel searching for the lost/missing/broken object are required to be 

capable of recognising the object or part thereof. In addition, the personnel are 
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required also to be capable of recognising when a section of a transformer is 

contaminated, i.e. be aware of what belongs to the transformer and is in its place, 

and what is foreign. Finding the lost or missing object, or part thereof, has to take 

absolute priority once noticed. 

 

2.2.5 Access control 

 

Eskom requires that a permit system is enforced regarding the access control of 

personnel, materials and tools. The area supervisor has the authority to issue and 

prevent access to all the personnel and visitors. Eskom requires that an access 

controller is on duty inside the access control area for the duration of the 

transformer outage. 

 

2.2.6 Audits and inspections 

 

The area supervisor is required to verify and sign off materials and tools at the end 

of every shift. Scheduled and unscheduled audits are done by appointed persons 

during the outage and findings are documented.  

 

2.2.7 Packing-up 

 

All audit requirements must first be met before the barricading is removed. The 

transformer has to be fully assembled. All tools and inventories have to be checked 

and signed off before removing the barricading.  

 

2.2.8 Records 

 

All control documentation, audits, inspection results and log sheets are handed over 

to the area controller for storage and are to be archived - for the life of the power 

station or relevant transformer – so that these can be retrieved if necessary. 

 

2.3  Clean conditions for power transformer as per TSS work instruction 

 

TSS has a work instruction - with document identifier F-141 - that is used when 

working on power transformers. The purpose of this work instruction is to ensure 

satisfactory clean conditions for transformers and associated components activities. 

 

2.3.1 Roles and responsibilities 
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Roles and responsibilities - for each employee in TSS and the CC&FME department - 

are explained in detail. One can say that two of the most important roles described 

in the work instruction are those for the works service manager and CC&FME 

manager, which are to drive the implementation of clean condition processes and 

the continuous improvement of the clean condition control processes.  

 

2.3.2 Process for monitoring 

 

The process of maintaining checks and balances of the clean conditions process for 

power transformer in the workshop takes place through the audit process. This is 

the internal technical audit process.  

 

2.3.3 Methodology 

 

The work instruction indicates that there are two possible work situations when 

working on transformers:  

• Situation A (work on active part) 

Assembly operations on active parts, pre-tanking and final tanking, and any 

other work involved in working on a transformer - after final tanking when 

any part of the tank is open – will only be performed in a designated clean 

condition area. 

• Situation B (work in clean condition access situation) 

Applied whenever any transformer cover/flange associated part is removed 

or an opening is created that exposes the internal parts. 

 

2.3.4 Clean conditions area general requirements 

 

The clean conditions area layout is designed with specific floorplan dimensions and 

constraints in mind. In principle the layout should achieve an access-controlled, 

barricaded environment in which all access of personnel, tools, equipment, 

materials, spares, consumables, etc., can be managed.  

 

The work instruction also says that the typical minimum requirements of the clean 

condition area are: 

 

• Access control cabin (with metal detectors and turnstiles), 

• Dedicated spares area, and 

• Closed-Circuit Television (CCTV) system. 

 

2.3.5 Dress code 
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Only two-piece clean condition overalls with no pockets may be worn in the clean 

condition area. White T-shirts (without pockets and buttons) may be worn in place 

of the overall tops. An exception is made for production managers, service 

managers, senior supervisors, project managers and customers/visitors: they will 

only be allowed into the working area wearing a white dust coat. They are to stay in 

the walk ways and may not do any physical work on the transformers/windings. 

They are also to be accompanied by the access controller or champion at all times. 

Those exempted will still be expected to remove all metallic and other foreign items 

from their pockets including belts, jewellery, pens, etc. Normal safety shoes maybe 

worn for those exempted people provided they remain in the walkways. 

 

2.3.6 CCTV surveillance 

CCTV surveillance equipment in the clean conditions area is obligatory. This 

additional measure will assist the clean conditions personnel in providing an 

effective means of controlling the area. It is the responsibility of the champion and 

senior supervisors to determine the exact number of cameras and their placement. 

 

2.3.7 Scaffolding 

It is recommended to minimise the use of scaffolding as far as possible and rather 

use purpose-made platforms. Platforms must be designed with minimum small 

components that can be detached. 

 

2.3.8 Barricading requirements 

The barricading should comply with the following minimum requirements: 

 

• Enclose the entire work area, 

• Be at least 1.8m high, 

• Have no openings between the barricading and the floor, 

• Be of such a design to discourage the free passing through of items, 

• External boundary barricading must be solidly constructed, 

• Barricading constructed with expanded metal and covered with Perspex will 

be allowed as a boundary between the bays, and 

• Sections should interlock by means of interlocking brackets and should 

preferably not be fastened with bolts and nuts (bolts and nuts poses an 

additional risk in the clean conditions area). 

 

2.3.9 Machining, cutting, welding, brazing or other activities 
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The work instruction states that these activities should be avoided as far as possible 

in the clean condition area as these may result in the release of uncontrolled FM. 

The risk for fire, magnetisation of transformer components as well as the release of 

uncontrolled FM exists and can have catastrophic consequences for the 

transformer. 

 

2.3.10 Clean conditions violations and incidents 

 

Examples of reported incidents include the reporting of a broken knife blade or a 

missing rag while examples of violations include not declaring a tool at the entrance 

of the clean condition area and smuggling it into the area or breaching the 

barricading. 

 

2.3.11 Clean conditions concession application 

 

During any transformer maintenance or inspection activity, the possibility exists 

that a unique requirement or work activity may exist that could result in the 

uncontrolled release of FM into the transformer. This in turn may result in undue 

transformer downtime or, worse, a catastrophic transformer failure. An approved 

and documented system must be in place to manage these types of risks 

effectively. 

 

2.3.12 Quality process and work procedures 

 

An essential part of the clean conditions process is to have a well-defined quality 

control and assurance system in place consisting of detailed quality plans, work 

procedures, best engineering practices and ad-hoc audits/review/assessments 

during the execution of work. Quality plans include inspections with specific-hold 

witness and other points to ensure that all precautions are taken to prevent ingress 

of debris, loose components or foreign components into the transformers/windings. 

 

2.3.13 Clean conditions practice notes 

 

With continual operational experience gained during the execution of clean 

conditions control measures, it is inevitable that changes or additions to the work 

instruction may be required. The custodian of the work instruction periodically 

reviews new requirements and proposals and - if required - will issue the necessary 

approved practice notes to that effect. The practice notes are documented and also 

distributed in the organisation. It is therefore required that the work instruction be 

read in conjunction with practice notes where applicable. 
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2.4  Incidents of FM in transformers 

 

The researcher investigates previous incidents of FM in transformers in a bid to 

understand their magnitude. The type and source of the FM is discussed as is how such 

an incident could have been avoided. Although such incidents do occur, investigation 

reports are classified as confidential and the contents of the reports are seldom made 

public or reach the customer. All incidents of transformer failures caused by FM - 

discussed in this section - are given pseudonyms.   

 

2.4.1 Transformer FM incident one 

 

A 20 Megavolt Ampere (MVA) three-phase transformer was reportedly in service at 

station one when it failed on an inter-turn fault on C-phase Low Voltage (LV) winding, 

distortion on the High Voltage (HV) windings and copper and carbon contamination on 

the active part. The transformer was then received at the workshop for repairs. The 

engineering investigations and recommendations - that were carried out when the unit 

was received - was that the unit was to be rewound completely. The scope of work was 

carried out and completed as planned. The transformer then passed separate source 

tests but the core was found to be down to earth before dispatch.   

 

 

Figure 2-5: The foreign objects lying on the core and core clamp insulation 

(Source: Eskom, 2015) 
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What followed was an investigation by draining the oil and un-tanking the active part. A 

visual inspection using an endoscope reveled that there was a foreign object lodged 

between the core and core clamp as well as a high degree of particulate contamination. 

This foreign object was found to be conductive and was the cause of the transformer 

failure after the transformer was rewound in the workshop. Figure 2-5 above shows the 

foreign object lying on the core and core clamp insulation as seen through an 

endoscope.  

 

The vast bulk of the contamination visible in the endoscope appeared to be paper-

based debris, either in the form of torn-off strips of paper or degraded paper 

particles. Samples of debris were also taken from the bottom of the vapour-phase 

tank and from the filter of the vapour phase drainage point. Figure 2-6 shows the 

magnetic debris taken from a small sample of contaminants from the vapour-phase 

tank.  

 

 

Figure 2-6: Magnetic debris taken from the vapour phase tank 

(Source: Eskom, 2015) 

 

 

In evaluating the potential source of the contamination it could be seen that the 

composition of the samples from the transformer and the vapour-phase tank were 

broadly similar in content. It could also be seen that the contamination is not sourced 

from the vapour phase but that the vapour phase tank acts as a collector of debris from 

a variety of transformers that are loaded into it. 
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In general, it would appear that the debris found on the transformer was most likely as 

a result of insufficient cleaning of the core and lack of cleanliness controls during 

workshop activities. 

 

The engineering recommendation was that the unit should be dismantled and the core 

laid down so that the lower core clamp insulation could be inspected and replaced. 

 The unit should then be reassembled and fully re-tested to prove functionality. 

 

 

2.4.2 Transformer FM incident two 

 

An 11 MWA transformer from station two was received in the workshop aisle after it 

reportedly failed in service when it tripped on Buchholz protection. The unit was 

received at the workshop for further engineering investigation and repairs. The 

workshop inspection showed that the A-phase HV winding was contaminated with 

copper particles on the top and bottom discs. The active part was contaminated with 

carbon. The A-phase HV winding paper insulation was damaged on the bottom discs. 

 

Further inspections also showed arc marks on the copper conductor and burnt 

insulation on the A-phase LV winding. Figure 2-7 shows the burnt insulation damage 

and the washer noted in the vicinity of arced bottom discs of the A-phase HV winding.  

 

 

Figure 2-7: Burnt insulation and washer noted (A-phase HV winding) 

(Source: Eskom, 2009) 
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Other burn marks were noted on the cylinder of the A-phase HV winding which were 

made by a washer. This can be seen in Figure 2-8. 

 

Figure 2-8: Burn mark on A-phase HV winding cylinder made by the 

washer 

(Source: Eskom, 2009) 

 

The unit failed because of a washer that was stuck between the A-phase HV winding 

and its cylinder. Engineering investigations also showed that it seems there was 

another washer that was also stuck on the opposite side of A-phase HV winding which 

caused arcing between the LV winding bottom discs.  

 

With a compromised insulation, this led to an inter-turn fault between winding discs. 

The inter-turn fault caused the production of gases and tripped the Buchholz relay and 

the differential protection trip owing to an imbalanced current. The engineering 

department then recommended that all windings be replaced. 

 

2.4.3 Transformer FM incident three 
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A 45 MVA transformer was initially repaired at the workshop following a site inspection 

that revealed damage and displacement of the HV winding shield rings. After the 

repairs, the transformer was returned to the station where it was re-commissioned. 

Once this had taken place, the tap changer diverter switch failed owing to the absence 

of oil inside the diverter switch, which damaged the complete tap changer and all 

Tapping windings. 

 

The transformer was then returned to the workshop for inspection and repair. After 

those repairs, the transformer was reassembled. Once the final tanking had been 

performed the transformer was subjected to final LV and HV testing that included 

megger-testing. The transformer then failed the megger test before it was released 

from the test bay. 

 

A piece of wire - making contact between the LV side bottom core clamp and core in 

the vicinity of B-phase (as shown in Figure 2-9) - was deemed the cause of the failure 

following engineering investigations.  

 

 
Figure 2-9: A piece of wire near the LV side bottom core clamp 

(Source: Eskom, 2015) 

 

 

The engineering investigations revealed that the wire could have been a cut off from 

the wire used to lock the top and bottom yoke straps. The megger test was deemed 
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successful after removing this wire. Figure 2-10 shows the location where the piece of 

wire is normally used on the transformer. 

 

 

 
Figure 2-10: Location where the piece of wire is normally used 

(Source: Eskom, 2015) 

 

2.5  Overall industry trends 

 

This section looks at the control and management processes of manufactures and 

repairers of medium and large transformers. 

 

2.5.1 Siemens 

 

Three cornerstones of this organisation’s quality strategy are product, people and 

process quality. The objective is to achieve the greatest customer satisfaction with 

cost-efficient processes. Siemens’ view is that for them to achieve this, all 

employees involved must have a profound understanding of the customer needs 

and specific requirements in the transformer business.  

 

For Siemens, quality and performance is regarded as a tradition and a matter of 

principle. There are nine mandatory elements that cover product and service quality 

(Siemens, n.d.): 
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• Customer integration, 

• Embedded quality in processes and projects, 

• Consequent supplier management, 

• Business-driven quality planning, 

• Focused quality reporting, 

• Qualification of employees on quality issues, 

• Continuous improvement, 

• Management commitment, and 

• Control and support role of quality manager. 

 

 

Figure 2-11: Cornerstones of Siemens quality strategy 

(Source: Siemens, n.d) 

 

 

Siemens believes that there is nothing that cannot be improved. This organisation 

places a large emphasis on continuous improvement and they make it an integral part 

in all processes. When specific performance targets are not met, managers begin a 

performance-improvement process using the DMAIC (define, measure, analyse, 

improve, control) approach as detailed in Figure 2-12. 

 

The quality of a transformer is based on the quality of all processes that are necessary, 

from project acquisition to project closure. The quality of the processes depends 
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essentially on people. Only well-trained and motivated employees are able to guarantee 

that a process will be performed with a high degree of quality (Siemens, n.d.). 

 

 

Figure 2-12: Six Sigma DMAIC Circle used at Siemens 

(Source: Siemens, n.d.) 

 

 

2.5.2 Alstom Power  

 

Clean condition control process is an integral part of everything Alstom does when 

working on transformers. This organisation places an emphasis on the FME area, 

people and basic rules. 

  

2.5.2.1 Clean area and FME area 

Siemens defines an FME area as a delimited work area, which is installed around a 

transformer during refurbishment, that must stay clean and have regulated access 

(Chiesa, n.d.). This area is cordoned off and has a controlled access point. Only 
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authorised workers and visitors are allowed in this area. Specific tools, equipment and 

components are allowed. 

 

The clean area is defined as an FME area that is completely enclosed by a tent that is 

pressurised and has a dehumidifier in place (Chiesa, n.d.).  

 

 
Figure 2-13: Example of a clean condition area (site) 

Source: n.d. 

 

 

The role of the clean area is to avoid any risk of pollution in the windings when the 

transformer is opened for refurbishment. The floor plan of both the clean and FME 

areas are - in each instance - discussed and approved with the customer. Alstom 

prohibits the storage of anything in the clean or FME area that is not directly relevant to 

the work in progress.  

 

2.5.2.2 People 

Access to the clean and FME areas are controlled by a dedicated “guard” until the 

refurbishment of the transformer is completed and the transformer is closed off. The 

management of entry and exit, and the application of the procedure for access, are left 

to the controller as appointed by the specific workshop manager. The roles of the 

“guard” are: 

• Manage and verify access of personnel and visitors to the FME area, ensuring the 

validity of authorisations. For this, the guard has the personnel list (stating who 

has what rights. He also maintains an IN/OUT register. 

• Manage the entrance and exit of tools into the FME area. 

• Ensure that workers’ clothing complies with the set standard and that they 

access the area without personal effects. 
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• Inform the workshop manager - in real time - of any attempt to exception or 

deviation. 

 

2.5.2.3 Basic rules 

To ensure the cleanliness of the work area, and prevent introduction of FM into the 

transformer, Alstom follows the following guidelines: 

• Only authorised personnel are allowed entry in the clean and FME area. Such 

authorisation is to be obtained from the workshop manager or team leader. 

• Visitors are always kept to a minimum. They request access to the area from the 

workshop manager. Their presence inside the area is allowed for a minimum 

period of time. 

• FME risk management and cleanliness observations are the foremost basic 

precautions that must be observed by everyone working in the area. 

• The area has only one authorised access point that is clearly indicated as such 

with an access controller.  

 

Furthermore, to ensure the cleanliness of the work area and prevent the introduction of 

FMs, the following guidelines are observed: 

• Personal effects 

Before entry into the area is granted, every person is to leave all personal 

effects which can get lost into the transformer, e.g. cigarettes, lighter, coins, 

watch, necklace, etc. This provision is imperative. Personal lockers are provided 

for the purpose of keeping these items safe outside the clean condition area. 

 

• Work clothes 

All personnel entering the clean condition area are to wear PPE without any 

metallic and loose parts such as zips, wires, buttons, shoelaces, etc. All PPE is to 

be without any pockets. White safety shoes are to be worn by all. When entering 

the transformer tank, overshoes are to be worn. 

 

• Floor 

Complementary equipment required for cleanness of the floor area includes 

covering the floor surface with something easy to install and clean like novilon. 

Adhesive floor mats are to be placed at strategic points in the clean condition 

area, such as the entrance of the transformer. 

 

2.5.3 General Electric Company 

 

This organisation has general rules and guidelines for activities and users regarding 

FME when specific procedures are not available. Cleanliness issues during 

manufacturing, installation, and commissioning can cause delays in delivery, 
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performance degradation and unit damage (General Electric Company, 2009). The 

General Electric Company (GE) emphasises that strict controls to prevent foreign 

material contamination are crucial when refurbishing transformers.  

 

The most efficient method of maintaining system cleanliness is to prevent the entry 

of FMs into the transformer during refurbishment or maintenance. GE defines three 

categories of cleanliness control levels being critical, controlled, and FME: 

• Critical systems – contamination can cause a catastrophic failure,  

• Controlled systems – contamination can cause degradation, and  

• FME system – have the potential to contaminate critical or controlled. 

 

The organisation observes the following steps to prevent the entry of FM: 

• They install temporary covers on all openings. 

• FME covers are designed in such a way that these cannot fit inside the 

system opening. 

• Inspection and clean of work area are done to prevent FM ingress. 

• The organisation uses a quality assurance process to certify cleanliness 

 

2.5.4 SPX Transformer Solutions 

 

The clean condition process of this organisation starts off by having humidity and 

dust-controlled environment to minimise the potential for contamination and 

moisture ingress (SPX Transformer Solutions, 2016). This ensures less than 0.5% 

moisture content in the finished transformer. The coil winding room is also fully 

enclosed and environmentally controlled.  

 

2.6 Chapter summary and conclusions 

 

This chapter looks into the concept of CC&FME in detail, referencing industries best 

practices, i.e. EPRI. Other issues under review include key components of effective 

FME, training of personnel, and documentation of intrusion of FM and recovery 

plans for known or suspected FM intrusion. Previous incidents of damage to 

transformers caused by FM were also reviewed. Overall industry trends and how 

OEMs implement FME programmes are also discussed.  

 

  



 

50 

 

Chapter 3: Managing the system way  

 

In a world characterised by rapid change, the management of people, technology 

and innovation within the organisation requires a more fundamental appreciation of 

the total environment in which the organisation operates (The Da Vinci Institute, 

n.d.). There are models to cover almost everything that one does in the  daily work 

environment. One talks about business models, management models or specific 

categories such as quality models, stakeholder models or models for the value 

chain (Jonker & Pennink, 2010). One such model is systems thinking. 

 

The Systems Approach looks at the entire environment and has - as an underlying 

principle - the fact that the ‘whole is greater than the sum of the parts’ (The Da 

Vinci Institute, n.d.). By applying a systems-thinking approach, a process map that 

shows exactly how actions, processes and procedures at work do not support FME 

can be a powerful visual tool for motivating change. Hence the idea of using casual 

loops.  

 

Challenges faced by contemporary organisations tend to stem from a complex 

interaction between a number of variables. Such challenges do not exist in 

isolation. Only once a manager is able to identify all the elements that constitute 

that environment will it be possible to identify a sustainable solution to a specific 

problem (The Da Vinci Institute, n.d.). This chapter looks at the interactions and 

interdependence of systems in the TSS workshop. 

 

3.1 Defining a system 

 

A system is a construct that the designer creates by assembling interacting parts of 

the world (either concrete or abstract) for the purpose of design (The Da Vinci 

Institute, n.d.). A system can be defined only in the context of its environment, in 

other words the environment of those other systems within which it is contained, 

and with which it interacts (Hitchins, 2003). Systems thinking moves away from 

working with the idea of an obvious problem that requires solution to that of 

working with the idea of functioning with a situation. Systems thinking can also be 

described as a deliberate attempt to think when thinking itself is put at risk by 

emotion, confusion and confrontation (Boardman & Sauser, 2008).  

 

The most stubborn habits, which resist change with the greatest tenacity, are those 

that worked well for a space of time and led to the practitioner being rewarded for 

those behaviours (Gharajedaghi, 2011). Elegant solutions to complex problems are 

derived with the use systems thinking. Understanding the effects of the interactions 
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- as opposed to detailed efforts to predict outcomes - is the main focus of systems 

thinking.  

 

3.2 The Waterfall Model 

 

Traditional thinking, cognitive studies, and the prevailing design methods all 

predicted that the best way to work on a problem is to follow an orderly and linear 

‘top-down’ process, working from the problem to the solution. Figure 3-13 below 

shows the traditional wisdom for solving complex problems. 

 

 

Figure 3-14: The waterfall 

(Source: Conklin, 2008) 

 

 

This is the pattern of thinking that everyone attempts to follow when they are faced 

with a problem, and it is widely understood that the more complex the problem is, 

the more important it is to follow this orderly flow (Conklin, 2008). 

 

The researcher deviates from the traditional wisdom of solving problems by 

following the Systems Thinking way of solving a problem. 

 

3.3 Foundations of Systems Thinking 

 

In the Systems Approach, attention should be focused strictly on the whole as 

opposed to the parts making up the whole (Barile & Saviano, n.d.). Without a clear 

understanding of the ‘big picture’ of an organisation, management tends to focus 
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only on the behaviours and events associated with problems in the workplace, 

rather than on the systems and structures that caused the problems to occur in the 

first place (The Da Vinci Institute, n.d.). The first step in the Systems Thinking 

Process is to document the current situation with all its complexities. A structure 

that is used frequently has five viewpoints or dimensions: 

 

• Authority (power),  

• Physical processes or method (knowledge),  

• Measurement system (wealth),  

• Emotion (beauty), and  

• Conflict resolution (values).  

  

 

Figure 3-15: Obstruction analysis 

(Source: The Da Vinci Institute, 2011) 

 

 

If these dimensions are not addressed or taken into account when formulating the 

chaos, the problem-solving is bound to be ineffective. 

 



 

53 

 

Failure to define the scope of the problem properly results in inadequate problem 

statements and is commonly referred to as the error committed by giving the 

correct answer to the incorrect problem (Hester & Adams, 2014).  

 

 
Figure 3-16: Foundations of System Thinking 

(Source: Gharajedaghi, 2011) 

 

 

3.4 Chaos formulation and current reality 

 

Formulating the chaos is to map the dynamic behaviour of a system (Gharajedaghi, 

2011). It is to capture the iterative nature of the multiple feedback loops 

demonstrating the nature of interdependencies in the system. The main purpose of 

chaos formulation is to get management of an organisation to move away from 

solving individual problems and issues within the organisation - as these occur - 

and move towards redesigning the organisation.  

 

There are two kinds of analyses performed during chaos formulation: systems 

analysis and obstruction analysis (Britton & Torvinen, 2014). 

 

3.4.1 Systems analysis 

 

A systems analysis is needed to give a detailed picture of the organisation, its 

stakeholders and relationships with its environment (Jackson, 2002). Systems 

analysis provides a thorough and concise description of the organisation. 
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3.4.2 Obstruction analysis 

 

Obstruction analysis is performed to identify behaviour that prevents an 

organisation from developing effectively. There are two kinds of obstruction: 

discrepancies and conflict (Britton & Torvinen, 2014). 

 

A discrepancy is a difference in belief - between stakeholders - about the 

organisation and its environment. Discrepancies prevent development because the 

stakeholders have different views of the situation and hence value the cost and 

benefits of development proposals differently. Discrepancy analysis lists the major 

differences in beliefs.  

 

Conflict analysis identifies the major repetitive conflicts within an organisation and 

their impacts. Repetitive conflicts that cannot be resolved hinder development and 

create psychological stress. 

 

3.5 The three states of a system 
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Figure 3-17: The 3 states of a system 

Source: (The Da Vinci Institute, n.d.)
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By exploring the three states of a system, the organisation is able to gain a 

fundamental appreciation of its current positioning and gain useful insights into its 

future. Figure 3-16 above shows the three states of a system (The Da Vinci Way). 

 

A casual loop diagram is a convenient way of representing the principal feedback 

loops and related casual relationships relevant to a particular problem situation, 

without distinguishing between the natures of the interconnected variables 

(McLucas, 2003). Systems behaviour - in system dynamics - is modelled by using 

feedback (causal) loops, stock and flows (levels and rates), and the non-linearities 

created by interactions among system components. We will now analyse the causal 

loop for the CC&FME department in figures below. 

 

3.5.1 The “as-is” state 

 
 

Figure 3-18: The “as-is” state at TSS workshop 

(Source: Self-generated) 
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The ‘as-is’ state defines the current situation. It is an understanding of what is 

taking place within the organisation's system. As previously stated, the TSS 

Rosherville workshop has three sections where refurbishment and repair of 

transformers take place namely: 

 

• 200T Section,  

• 600T Section, and 

• Coil Winding North and South Sections. 

 

Each of the three different sections of the workshop has its own set of procedures, 

policies and work instructions when it comes to clean condition control and FME. 

They have found it challenging to adapt and fully utilise the services of the CC&FME 

department in the managing of their clean condition control. The work instructions 

being used do not relate to the current industry best practices.  

 

Designated clean condition areas do not conform to industry best practices. It can 

also be seen that employees and management do not apply the current clean 

condition procedures that are in place currently. The TSS works department is the 

custodian of clean condition control and they are also responsible for executing the 

refurbishment and repairs of transformers. In the researcher’s view, this creates a 

conflict of interest as this department has to maintain a fine balance between 

following a clean condition procedure that could be perceived as causing production 

delays. 

 

Employees working on transformers appear not to be aware of the importance of 

taking personal ownership and the promotion of FME. The present workshop layout 

was not designed with clean condition control in mind. 

 

3.5.2 The “as-it-should-be” state 

 

The ‘as-it-should-be’ state defines a desired future state of the system. It is that 

state that will ensure sustainable growth for the organisation. What the system 

should be is that there should be a uniform approach to clean condition control 

within the TSS workshop. The approach that should be taken is that which is in line 

with international best practice, such as EPRI. 
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Figure 5-19: The “as-it should-be” state at TSS workshop 

(Source: Self-generated) 

 

 

3.5.3 The “as-it-will-be” state 

 

The ‘as-it-will-be’ state is discussed in the concluding chapter following the 

literature review and research results analysis. 
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Transformer failures caused by FM can influence a number of things within the 

organisation and externally. The following can be deduced from the causal loop 

diagram: 

 

• Transformer failure, caused by FM, will cause an increase in the plant shutdowns 

for maintenance and repairs. 

• This will in turn cause an increase of electricity demand. 

• The increase in electricity demand will put a strain on the currently running 

plant. 

• When the plant is running at maximum capacity for long periods it is bound to 

show fatigue and fail. 

• Failure of the plant will result in CC&FME personnel working longer hours to cope 

with the demand. 

• The service quality for the rest of the department will also be affected negatively 

as the team will focus on bringing the transformer back to service as soon as 

possible.  

• Transformer failures because of FM will also cause the organisation to revise the 

current policies and procedures. 

• Once the policies are revised, these will increase the workload on training 

department to get everyone trained. 

• Trained personnel will have an added advantage of being able to cope with the 

workload. 

 

3.7 Chapter summary and conclusion 

Systems thinking is a holistic approach that emphasises the connection between 

issues and components in the chaos and simplifies complexity by thinking at a 

greater level of abstraction or generality.      

   

A good chaos formulation makes a convincing case for fundamental change and 

sets the stage for effective redesign of the system. By capturing the interaction of 

feedback loops, the researcher was able to discover repeated patterns of behaviour 

and identified the processes that are responsible for stimulating the existing order. 

All the stakeholders can see - clearly and easily - that (by formulating the chaos) 

the current situation is no longer acceptable. 

 

An organisation must be willing to say that the processes they have become expert 

in are no longer relevant, they must invent new ones designed to get new 

outcomes and that the new processes can take the place of the old (Hoy & DiPaola, 
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2008). The authors further say that leaders must understand the system and its 

processes well enough to lead and support redesign efforts.  
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Chapter 4 Research methodology 

 

A basic objective of any research project is the questioning of knowledge that can 

be used as a basis for decision-making to meet identified aims and objectives (The 

Da Vinci Institute, n.d.). In order to contribute to a solution, the research will need 

to consist of a combination of theory and (research) methodology that need to be 

elaborated on to form an appropriate and well-reasoned research design fitting the 

problem at hand (Jonker & Pennink, 2010).  

 

A connection needs to be made to the specific world or context in which the 

problem or question occurs. The result of this process - if done well are - a 

dedicated customised methodology for the research project. A fundamental premise 

here is that the researcher is in a position to manage his research process and can 

be held responsible for the choices made (Jonker & Pennink, 2010). 

 

This chapter clearly and precisely describes how knowledge and information are 

acquired and also what was the rationale for performing the process in the chosen 

manner.  

 

4.1 Research and methodology definition  

‘Research’ can be defined as a scientific and systematic search for pertinent 

information on a specific topic (Kothari, 2004). This is a careful investigation or 

systematised effort to gain new knowledge and information. Research consists of 

defining and redefining problems; formulating hypothesis or suggested solutions; 

collecting, organising and evaluating data; making deductions and reaching 

conclusions; and carefully testing the conclusions to determine whether these fit 

the formulated hypothesis. 

 

Methodology is a form of thinking and acting that, while obviously entailing 

research work, can also include the design and change of organisations (Jonker & 

Pennink, 2010). A methodology indicates the main path to the destination but 

without specifying the individual steps. The purpose of research is to discover 

answers to questions through the application of scientific procedures. The main aim 

of research is to find out the truth which is hidden and which has not been 

discovered as yet. 

 

4.2 Research approach 
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If the methodology is good and if the actual process of research is properly conducted, 

a decent piece of research can be expected. (‘Decent’ means resulting in research that 

is useful in organisational practice and meets academic standards (Jonker & Pennink, 

2010).)  

 

There are basic types of research that one can undertake to solve an organisational 

problem (Kothari, 2004):  

 

• Descriptive – the state of affairs as it exists at present. It means the researcher 

can only report what has happened or what is happening. 

• Fundamental – mainly concerned with generalisations and with the formulation 

of a theory. 

• Quantitative – based on the measurement of quantity or amount. It is applicable 

to phenomena that can be expressed in terms of quantity. 

• Qualitative – phenomena relating to or involving quality or kind. It is especially 

important in the behavioural sciences where the aim is to discover the 

underlying motives of human behaviour.  

• Conceptual – it is generally used by philosophers and thinkers to develop new 

concepts or to reinterpret existing ones. 

• Empirical – relies on experience or observation alone, often without due regard 

for system and theory. 

 

The selection of quantitative versus qualitative techniques is not a matter of the data 

that happens to be available (Goertz & Mahoney, 2012).  For some research goals, 

quantitative methods are more appropriate than qualitative techniques, and qualitative 

methods are more appropriate than quantitative methods for other research questions.  

 

4.2.1 Qualitative method 

 

Qualitative research is an approach for exploring and understanding the meaning 

individuals or groups ascribe to a social or human problem (Creswell, 2014). The 

qualitative approach to research involves the use of a greater degree of 

subjectivity, personal opinions, and perceptions (The Da Vinci Institute, n.d.). 

Qualitative research is often regarded as being vague, not scientific and not 

following a structured plan (Jonker & Pennink, 2010). Several data analysis 

methods that can be used for this type of research include ethnographies, grounded 

theory, case studies, phenomenological research, and narrative research.  

 

4.2.2 Quantitative method 
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Quantitative research on the other hand is an approach for testing objective 

theories by examining the relationship among variables. Quantitative research is 

often regarded as being purely scientific, justifiable, precise and based on facts 

often reflected in exact figures (Jonker & Pennink, 2010). 

 

As implied by its name, quantitative research is conducted by acquiring relevant 

data and quantified using numerical values. Quantitative research can be measured 

using instruments so that the numbered data can be analysed using statistical 

procedures.  

 

This approach is essentially objective, with arguments based solely on the use of 

suitable analytical methods to analyse the data and draw objective conclusions (The 

Da Vinci Institute, n.d.). Analysing numerical data implies the use of statistical 

methods namely averages gradients, standard deviations, and confidence limits.  

 

4.2.3 Mixed method  
 

Another research approach is the mixed method which involves collecting both 

quantitative and qualitative data, integrating the two forms of data and using 

distinct designs that may involve philosophical assumptions and theoretical 

frameworks.  

 

The core of this type of research approach is that the combination of qualitative and 

quantitative approaches to provide a more complete understanding of the research 

problem than either approach alone. One of the mixed-method data analysis 

methods is triangulation which increases the certainty of experimental results by 

essentially honing in on research results from different angles or research methods.  

 

4.2.4 Components involved in research approach 
 

There are three components involved in a research approach with two of those 

components involving philosophical assumptions or worldviews as well as distinct 

methods or procedures (Creswell, 2014). The worldviews can be regarded as the 

epistemologies and ontologies. Figure 4-20 shows the interconnection of worldview, 

design and research methods. 
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Figure 4-20: Interconnection of worldview, design and research methods 

Source: (Creswell, 2014) 

 

 

4.3 Research design  

 

This is a type of inquiry within the different research approaches that provide 

specific direction for procedures in a research design. Figure 4-21 shows the 

alternative research designs that can be used. 

 

 

Figure 4-21: Alternative research designs 

Source: (Creswell, 2014) 

 

 

4.4 Research methods 
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Research methods may be understood as those approaches or techniques that are 

used for conducting research. Thus these refer to the methods the researcher uses 

in performing research operations (Kothari, 2004) in other words the specific 

methods of data collection, analysis and interpretation used in the studies.  

 

Table 4-1: Quantitative, mixed and qualitative methods 

(Source: Creswell, 2014) 

 

4.5 Rationale 

 

A single perception of reality does not exist (Jonker & Pennink, 2010). Anyone who 

examines a problem will not start from scratch but with some kind of pattern as 

well as some assumptions and ideas in mind.  

 

It is a given fact that the researcher has his own thoughts about the research topic, 

the organisation being studied and also about himself. With this in mind, the 

researcher acknowledges that his interpretation can be biased through his 

behaviour. The ontology and epistemology will explain the reasons why a specific 

research approach was chosen over the other approaches.  

  

4.5.1 Ontology 
  

Ontology in general relates to the assumptions one holds about reality, whether it is 

external or a construct of one’s mind (Jonker & Pennink, 2010). The researcher 

currently works as a project manager in the CC&FME department and is responsible 
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for managing all aspects of clean condition control work at the Rosherville 

workshop. The Rosherville workshop consists of two product groups:  

• Turbo Gen Services (TGS) – In this product group, clean condition and 

foreign material exclusion work (related to generator stators, generator 

rotors and generator exciters) is performed. 

• Transformers & Switchgear Services – In this product group, clean condition 

and FME work (related to 200T and 600T transformers as well as coil 

windings for such transformers) is performed. 

 

It is the researcher’s view that the employees’ culture - and how they view CC&FME 

at the various product groups - are completely different from each other. Turbo Gen 

Services embraces the concept of CC&FME while TSS is finding it difficult to 

embrace it. The researcher’s desire to perform this research is based on the need 

to see positive change in the TSS workshop. 

 

4.5.2 Epistemology 
 

Epistemology is the philosophy of knowledge, especially with regard to its methods, 

validity, nature, sources, limits and scope (Jonker & Pennink, 2010). It concerns 

the investigation of what distinguishes justified belief from opinion. Justification is a 

central element to any research design and its outcome. In other words, the nature 

of the facts, the nature of the data and how they have been acquired forms the 

cornerstone in such a design (Jonker & Pennink, 2010). 

 

Participative research design is the overall strategy that was selected to integrate 

the different components of the study in a coherent and logical way thereby 

ensuring that the research problem is effectively addressed. The intention of this 

research is to investigate and develop a control system or model at the TSS 

workshop and to ascertain the value the clean condition service can add to the TSS 

product group. The type of research needed is a mixed-method approach 

(qualitative and quantitative).  

 

To maximise the fullness and accuracy of data, as well as transferability of the 

findings, case studies of previous transformer failures caused by foreign materials 

will be carried out. 

 

4.6 Data collection  

 

There are many choices to be made about the nature of data that will best answer 

the research questions and that can reasonably be collected within the limits of the 

research, the resources and time available, the participants that need to be 
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engaged and the skills of the researchers (Lewis, et al., 2014). Data involves all the 

information the researcher collects during his research.  

 

4.6.1 Data types and sources 

  

One of the key decisions in the research design stage is the type of data required 

to answer the research questions. There are six types of data (Jonker & Pennink, 

2010): 

 

• Existing numerical data, 

• Newly generated numerical data, 

• Existing linguistic data, 

• Newly generated linguistic data, 

• Existing visual data, and 

• Newly generated visual data. 

 

Data that will be collected includes case studies of previous failures caused by FM 

as well as financial reports that show monitory losses for Eskom. For the purpose of 

this study, methods of data collection will include cooperative inquiry, personal 

interviews and observations. Interviews will be used to explore the views and 

experiences of individual experts in the field of FME.  

 

Structured and semi-structured interviews - that consist of several key questions 

which can help to define the areas to be explored - will be conducted with 

participants as these allow the interviewer or interviewee to digress in order to 

pursue an idea or response in more detail. Interviews with participants will be 

recorded on a Dictaphone and then transcribed when analysing the results.  

 

As observations involve the researcher taking lengthy and descriptive notes of what 

is happening, these will assist in giving an insight into the bigger picture and help 

in the design of the rest of the research. 

 

A combination of primary and secondary data sources will be used for this study. 

Case studies, interviews, observations and action research are the primary data 

sources while secondary data sources are previous research, historical data and 

information, companies’ reports, policies and standards as well as OEMs manuals. 

 

4.6.2 Literature survey 

 



 

67 

 

There are several ways of collecting the appropriate data which differ considerably 

in terms of monetary costs, time and other resources at the disposal of the 

researcher (Kothari, 2004). In the case of a survey, data will be collected in any of 

the following ways. 

 

4.6.2.1 Interviews 

An in-depth interview is one of the commonly used data sources. The investigator 

follows a rigid procedure and seeks answers to a set of pre-conceived questions 

through personal interviews (Kothari, 2004). This method of collecting data is 

usually carried out in a structured way where output depends on the ability of the 

interviewer to a large extent. 

 

4.6.2.2 Questionnaires 

The most frequently used method of generating data is the questionnaire, followed 

by the collection of existing data material from the organisation (e.g., annual 

reports, financial reports and so forth) (Jonker & Pennink, 2010). This type of data 

collection is highly structured, in general, as questionnaires are pre-coded with 

possible answers. The researcher and the respondents do come in contact with 

each other if this method is adopted (Kothari, 2004). Questionnaires are the most 

widely used method in various surveys. Before applying this method, usually a Pilot 

Study for testing the questionnaire is conducted that will reveal the weaknesses of 

the questionnaire, if any.  

 

4.6.2.3 Observations 

In a limited number of cases, observations are also used. This method implies the 

collection of information by way of investigator’s own observation, without 

interviewing the respondents (Kothari, 2004). This method is not suitable in 

inquiries where large samples are concerned as the data collected could be very 

limited and require time. 

 

4.6.2.5 Data collection limitations 

The researcher should select one of these methods of collecting the data taking into 

consideration the nature of investigation, objective and scope of the inquiry, 

financial resources, available time and the desired degree of accuracy (Kothari, 

2004). 

 

4.7 Data interpretation and analysis techniques 

 

The interpretation of data of whatever kind is, by definition, a subjective matter 

(Jonker & Pennink, 2010). The obligation to work carefully and produce applicable 
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results therefore lies with the researcher. The analysis of data requires a number of 

closely related operations such as establishment of categories, the application of 

these categories to raw data through coding, tabulation and then drawing statistical 

inferences (Kothari, 2004). Raw data must be classified into some purposeful and 

usable categories (Kothari, 2004). Editing is the procedure that improves the 

quality of the data for coding. Tabulation is a part of the technical procedure 

wherein the classified data is put into tables. 

 

Analysis, relationships or differences supporting or conflicting with original or new 

hypotheses should be subjected to tests of significance to determine what validity 

data can be said to indicate any conclusions (Kothari, 2004). 

 

Since a mixed-method approach (both qualitative and quantitative) will be 

employed for this research, the data analysis technique will also be of a mixed 

nature.  

 

4.8 Data credibility and validity 

 

The researcher will only approach industry experts and those who are currently 

working in the TSS FME for conducting interviews. OEMs will also be approached for 

data and information. These should be credible and valid as they work with 

transformers on a daily basis. Published academic books and journals will also be 

used when collecting data. 

 

The following four criteria will be used to measure trustworthiness of data, namely; 

credibility, dependability, transferability and conformability. The findings of the 

study will be shared with colleagues for constructive criticism. The findings will also 

be shared with employees who did not participate in the study.  

 

4.9 Population 
 

All the items under consideration in any field of research constitute a population. 

Research can only be really valuable when it is reliable and it represents a 

particular population of respondents. The researcher must decide the way of 

selecting a sample or what is popularly known as the sample design (Kothari, 

2004). A sample design is a definite plan determined before any data is actually 

collected from a given population.  

 

Determining the ideal research population size and sample can be difficult. Thus, 

the researcher has to ask themselves who they will have to be surveying and how 
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many people will they have to survey. In this study the context is Eskom Rotek 

Industries and as such the sample size will be drawn from this group.  

 

4.9.1 Respondents’ base 

 

It is hardly ever possible to survey the entire population to be studied and for this 

reason sampling techniques need to be employed. A representative sample 

produces results which can be used to formulate generalisations. The questionnaire 

will be distributed to individuals of different age groups, diverse professional 

backgrounds and experience in the world of transformer refurbishment. The role 

players involved in the refurbishment of transformers are depicted in the Figure 4-

23 below: 

 

Table 4-2: Research respondents’ base 

(Source: Self-generated) 

 

 

4.9.2 Number and size of the sample of respondents 

 

The size of the sample should neither be excessively large nor too small (Kothari, 

2004). An optimum sample is one which fulfils the requirements of efficiency, 

representativeness, reliability and flexibility. While deciding the size of sample, the 

researcher must determine the desired precision as also an acceptable confidence 

level for the estimate.  
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4.10 Survey questionnaires and question design 

 

A questionnaire is a document containing questions and other types of items 

designed to solicit information appropriate to analysis (Jonker & Pennink, 2010). 

Such questions are aimed at obtaining reliable answers to gain insight on responses 

to specific research questions to determine what the respondents think or feel 

about a particular topic. There are three basic types of questions: closed-ended, 

open-ended or a combination of both (Dawson, 2002). 

 

The questions in the questionnaire are compiled using the positivistic paradigm 

which is characterised by the following: 

• It is assumed that the question posed will not influence the attitude or 

thinking of the target population. 

• Questions are kept short and simple. 

 

The survey questionnaire has been designed to answer specific questions about 

clean condition and FME on transformers and is based on the literature survey and 

review. The majority of the respondents were notified about this study and asked 

for their participation and cooperation in completing it prior to the survey 

questionnaire being forwarded to them. 

 

The researcher decided to use both the survey questionnaire as well as structured 

interviews to allow both instruments to provide answers to the research objectives.  

 

The second phase entailed face-to-face semi-structured interviews with five 

employees being: champion, production manager, senior technician and two senior 

supervisors. Since the researcher works closely with some of the respondents, this 

created a comfortable environment for the respondents to express their views and 

experiences freely.  

 

4.11 Pilot study 

 

After good questions have been formulated, using the principles of question 

construction, the researcher pilots the questions (Creswell, 2015). This helps 

determine that the individuals in the sample are capable of completing the survey 

and that they can understand the questions.  
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A pilot study of the questionnaire was performed on four conveniently selected 

respondents. Amendments were made to the final questionnaire based on the 

feedback received. Such amendments included rewording of several questions and 

addition of Question 5.10. Other changes that were made include the removal of 

abbreviations from the questionnaire.  

 

4.12 Confidentiality and anonymity 

 

The subject of FM failures is considered a sensitive matter in many organisations 

although such incidents do occur. It is understood that investigation reports might 

be classified as confidential and the contents of the reports are seldom made public 

or reach the customers. All incidents of transformer failures caused by FM 

discussed in this dissertation will be given pseudonyms. Promising confidentiality 

and anonymity may help but many respondents can understandably be sceptical 

about these promises (Dawson, 2002).  

 

4.13 Chapter summary and conclusions 

 

This chapter described the research design, data collection and analysis, 

trustworthiness and ethical considerations. The decision to choose a specific 

research approach, design and method was influenced by the research problem 

being studied as well as the ontology and epistemology. The chapter has, in great 

detail, explained the data-collection phase, including sampling and ethical 

considerations. 

 

The next chapter accurately summarises and describes the data that was collected 

during the data-collection phase, interviews and survey. 
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Chapter 5 Research findings: analysis and discussions 

 

The aim of this chapter is to summarise and describe the data that was collected. A 

cover letter was compiled to ask for permission to conduct the study within the 

organisation and to explain the purpose of the study. The cover letter and 

questionnaire were distributed to individuals of diverse professional backgrounds 

and experience in the world of transformer refurbishment. Those role players 

involved in the refurbishment of transformers are shown in Figure 4-23 in the 

previous chapter.  

The statements and questions in the questionnaire were created to address the 

research questions. There were 11 open-ended questions and one closed-ended 

question that required a “yes”, “no” or “not sure” answer. The remainder of the 

questions were based on an answering and scoring system of 1 – 5, with typical 

answers of “strongly disagree”, “disagree”, “neutral”, “agree” and “strongly agree”. 

This is a Likert-type scale which is shown in Table 5-3 below. 

 

Table 5-3: Likert-type scale 

(Source: Self-generated) 

Strongly disagree  1 

Disagree  2 

Neutral  3 

Agree  4 

Strongly agree 5 

 

The Likert-type scale is a useful question type when researchers want to get an 

overall measurement of sentiment around a particular topic, opinion or experience. 

 

The following dimensions were assessed: 

 

Table 5-4: Research questionnaire dimensions and number of questions 

(Source: Self-generated) 

 Dimension Questions 

1 Dimension 1: Demographics Four questions 

2 Dimension 2: Training and job climate evaluation Seven questions 

3 Dimension 3: Clean condition area Four questions 

4 Dimension 4: Processes and procedures Eight questions 

5 Dimension 5: Open-ended questions Eleven questions 
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Closed-ended questions drastically limited the possible responses while open-ended 

questions allowed an infinite number of possible answers. During the face-to-face 

semi-structured interview, the open-endedness of the interview questions allowed 

the participants to provide as much detailed information on their experiences as 

possible and enabled the researcher to ask follow-up probing questions. The last 

section of this chapter presents a summary of the results.  

 

5.1 Research response rate  

The researcher distributed questionnaires to 80 people within the organisation 

based on their role profile in the organisation. For employees who do not have e-

mail, manual questioners were handed to them. Such respondents include general 

workers, access controllers and artisans. A total of 39 employees completed the 

questionnaire within the given time. Four responses were interview based. 

 

5.2 Statistical analysis undertaken  

From the research questionnaires, quantitative data for Dimension 1 to Dimension 

4 was codified and analysed using standard research software ‘Project R’ while 

Microsoft Excel spreadsheets were used for Dimension 5. The main focus of the 

structured interviews and questionnaire was to collect data to understand the 

perceptions of participants on all aspect of clean condition and FME related to 

transformer refurbishment at the TSS Rosherville workshop. 

 

5.3 Results presentation 

 

The researcher will try to convey applicable information in a clear and concise 

manner. Results of the analysis are arranged into five main themes. Tables and/or 

graphs are presented for each statement and responses are interpreted. A 

summary statement is included to conclude the interpretation of each dimension. 

On Dimension 5, at least two direct quotations from the respondents will be 

illustrated. Such direct quotes from the respondents will be in closed shaded brace 

text boxes. 

 

5.4 Response results by dimension – employees’ perspective 

In order to answer the main research question of this study, the following issues 

are discussed: 

 

5.4.1 Dimension 1: Demographics 
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The demographic dimension is not part of the purpose of the study but this set of 

data was intended to describe demographic variables of the sample and to assess if 

such data has any influence on the research findings. The demographic composition 

reflects job grade, job title/designation, number of years in the organisation and 

years’ experience in transformer refurbishment. 

 

5.4.1.1 Employees and their grades who answered these questions 

 

Employees from the bargaining unit (i.e. T4 to T10) account for 22 (56.4%) of the 

respondents while 7 (17.9%) are junior managers (i.e. T11-T13). Eight (20.5%) of 

the respondents are middle managers (M14 to M18) with the remaining two (5.2%) 

respondents being either a learner or unclassified. 

 

Table 5-5: Respondents based on task grading 

(Source: Self-generated) 

Task grading Number 

T4 to T10 22 

T11-T13 7 

M14 to M18 8 

Learner/unknown 2 

 

Figure 5-26 below shows respondents per task grading as a percentage. 
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Figure 5-22: Employee job grading 

(Source: Self-generated) 

 

5.4.1.2 Number of years in the organisation vs years’ of experience in 

transformer refurbishment 

 

The majority of the respondents – 30 (78.9%) - have less than nine years’ 

experience working on transformers with 22 (57.9%) of them having been in the 

organisation for less than nine years. Four (10.5%) of the respondents have 

between 10 to 19 years’ experience on transformers while 12 (31.6%) have been 

in the organisation for between 10 to 19 years. The remaining respondents - with 

up to 39 years’ service in the organisation – constituted a significantly small 

percentage.  

 

It is noticeable that a high percentage of respondents have less than nine years 

with the organisation. This can be attributed to the fact that there has been a drive 

to employ labour broker employees who had been with the organisation for more 

than two years as at 31 March 2011.  It can also be noticed that a high number 

(78.9%) of respondents have less than nine years’ transformer refurbishment 

experience. This indicates a hint of a lack of extensive transformer refurbishment 

experience, which is likely to result in a lack of knowledge of CC&FME.  
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Figure 5-23: Number of years in the organisation 

(Source: Self-generated) 

 

 

5.4.2 Dimension 2: Training and job climate evaluation 

 

5.4.2.1 Have you ever done clean condition training and/or induction related to 

transformers? 

 

Twenty-one (53.8%) of the respondents have done clean condition training while 

17 (43.6%) of the respondents have not done so. Only one respondent was not 

sure if they have done so or not. Half – 4 (50%) - of the middle managers said that 

they have been trained while the other half said they have no clean condition 

training. Twelve (54.5%) of the bargaining unit employees said they have 

undergone clean condition training while nine (40.9%) have no training. Only one 

bargaining unit employee was not sure. Five (71.4%) of the junior managers said 

they have done clean condition training while two (28.6%) said they have not done 

so. 
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Figure 5-24: Clean condition training and/or induction 

(Source: Self-generated) 

 

 

The fact that nearly half the respondents have not done clean condition training or 

induction is a big concern. The researcher considers this as a disadvantage to the 

effective implementation of clean condition and FME. Having done training does not 

make an employee good at CC&FME processes but is critical for the employee’s 

understating of the risks associated with FM on transformers. 

 

It can also be argued that well-trained employees can be of benefit to an 

organisation whereby they will be able to share their experiences at the same level 

of understanding. A well-trained employee is valuable in making sure that there are 

no FMs in transformers during refurbishment. Management and employees are 

encouraged to put more effort in becoming trained so that they could be more 

productive in their duties. 

  

5.4.2.2 TSS Rosherville employees are adequately trained and equipped 

to identify FMs 
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Figure 5-25: Adequacy of clean condition training 

(Source: Self-generated) 

 

An equal number of respondents, 11 (28.2%) each, either agreed or were neutral 

in their response. Eleven (17.9%) of the respondents strongly agreed with this 

statement while an equal number of respondents disagreed. The remaining three 

(7.7%) of the respondents strongly disagreed with this statement.  

 

Half – four (50%) - of the middle managers believe that the employees are 

adequately trained and equipped to identify foreign materials in transformers while 

two (25%) either said they disagree or were neutral.  

 

The CC&FME training that is provided to employees ranges from a 15-minute 

induction video to a maximum of five days of training depending on the job 

description of the employee. With only 46.1% of the respondents saying the 

training is adequate, the suitability of curricula and necessary skills to identify FMs 

- that employees need in their day-to-day activities - is questionable. The 

researcher is of the view that the employee’s competencies and the acceptable 

level of performance should take the shape of professional standards. This means 

that the trainers should also be adequately trained to impart the knowledge and 

have real life examples of what could go wrong if FM is left inside the transformer.  

 

It is therefore clear that adequately trained and equipped employees plays a vital 

role in making sure that there are no FMs in transformers especially to the young 

and inexperienced workforce such as the one found in TSS. 
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5.4.2.3 All employees know their roles and responsibilities when it comes 

to FMEs 

 

 

Figure 5-26: Employees roles and responsibilities 

(Source: Self-generated) 

 

Starting with those respondents who acknowledge that employees know their roles 

and responsibilities, 12 (30.8%) agreed while three (7.7%) strongly agreed. Nine 

(23.1%) were neutral. Of those who did not agree with the statement, five (12.8%) 

strongly disagreed while the remaining 10 (25.6%) disagreed. Three (37.5%) of 

the middle managers agree that employees know their roles and responsibilities 

while the same number disagreed. The remaining two (25%) were neutral. Eleven 

(37.9%) employees in junior management and bargaining unit levels agreed with 

the statement while 12 (41.4%) disagreed. The remaining six (20.7%) were 

neutral in their response. 

 

The researcher believes that to have effective employees who support CC&FME, 

one needs to have everyone involved in the CC&FME process. The organisation 

needs to communicate to everyone, clearly, what their roles and responsibilities are 

when it comes to FME. The issue where employees do not know their roles and 

responsibilities when it comes to FME needs to be addressed by senior 

management. Failing to address this aspect could seriously impede the 

organisation’s ability to provide sustained quality transformers. 
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5.4.2.4 Are you aware of the importance of taking personal ownership 

and the promotion of FME? 

 

 

Figure 5-27: Importance of taking personal ownership and the promotion 

of FME 

(Source: Self-generated) 

 

Taking personal ownership of one’s job is a direct reflection of oneself as a 

professional. Working around people who are enthusiastic about their job is 

infectious and as such one ends up mimicking their emotions and attitudes. It is 

good to see that 29 (76.3%) either agreed or strongly agreed that they are aware 

of the importance of taking personal ownership and the promotion of FME. This is 

the base from which senior management can motivate employees to embrace the 

CC&FME concept fully.  

 

To win over the six (15.8%) of the respondent who were neutral in their response 

and the three (7.9%) who strongly disagreed with the statement number 2(d) of 

the research questionnaire, senior management can use the satisfaction, 

enjoyment and success of those who make the conscious decision to own their 

jobs. The respondents who strongly disagreed were bargaining unit employees. All 

neutral respondents were bargaining unit employees. 
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5.4.2.5 Do you generally think other employees working on transformers 

appear to be aware of the importance of taking personal 

ownership and the promotion of FME? 

 

 

Figure 5-28: Employees working on transformers appear to be aware of 

the importance of taking personal ownership 

(Source: Self-generated) 

 

What is interesting is that the perception of employees about each other taking 

personal ownership is the same. It is often said that perceptions which are not 

managed can become unintended realities for others and this can lead to 

destruction. A total of 17 (43.6%) of the respondents agree that other employees 

appear to be aware of the importance of taking personal ownership and the 

promotion of FME. The same number of respondents disagrees with this statement.  

 

The perception of others not taking personal ownership and the promotion of FME 

need to be changed as a matter of urgency. This can take time and energy as it 

means employees have to learn to be aware of and ready to evaluate their 

behaviour at all times. 

 

A quarter – two (25%) - of the middle managers disagreed with the question while 

the same number of middle managers were neutral. The remaining four (50%) said 
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they believe employees appear to be aware of the importance of taking personal 

ownership and the promotion of FME. Nearly half – 14 (48.3%) - of junior 

managers and bargaining unit employees disagreed with the question with only 

three (10.3%) being neutral.  

 

5.4.2.6 Management supports the transformer clean condition process 

 

 
Figure 5-29: Management supports the transformer clean condition 

process 

(Source: Self-generated) 

 

A manager who provides support to employees makes them feel valued and as 

such employees can carry out the organisation's mission and vision with 

confidence. Half the respondents, 20 (51.3%), consider that management supports 

the clean condition process while 10 (25.6%) were neutral in their response. The 

remaining nine (23.1%) consider management support as inadequate.  

 

Seeing that 57% of the employees have less than nine years’ service with the 

organisation and 78% have less than nine years’ experience on transformer 

refurbishment, it can be argued that this group of employees feels uncertain when 

executing their job. As such, the perception of management support should be 

more prevalent. Managers were split equally – four (50%) - in their responses with 

one half saying they think management supports the process while the other half 

thinks there is no management support. 
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5.4.2.7 Management is committed to making changes related to clean 

condition 

 

 

Figure 5-30: Management is committed to making changes related to clean 

condition control 

(Source: Self-generated) 

 

The majority of the respondents, 25 (64.1%), agree that management is 

committed to making changes related to clean condition while a small number – 

five (12.8%) - disagrees with this statement. The remaining nine (23.1) were 

neutral in their response. 

 

Almost two-thirds, five (62.5%), of middle managers said there is commitment to 

making changes from management side. One middle manager disagreed with the 

statement while two (25%) were neutral. Again, almost two thirds – 19 (65.5%) - 

of the junior managers and bargain unit employees were in agreement saying 

management is committed to making changes related to clean condition control. 

 

One of an organisation’s biggest challenges is to deal with the demands of change 

management. It can be seen that it is vital for managers to understand how to 

engage employees and lead the organisation - in partnership with the employees - 

around change.  
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5.4.3 Dimension 3: Clean condition area 

 

5.4.3.1 The TSS Rosherville Workshop designated clean condition areas 

conform to industry best practice 

 

 

Figure 5-31: Designated areas conform to industry best practice 

(Source: Self-generated) 

 

This item of the questionnaire was designed to establish whether the designated 

clean condition areas at the TSS workshop conform to industry best practice. 

Interestingly, 16 (41%) said the designated clean condition areas do not conform 

to industry best practice with 15 (38.2%) saying that these do conform. The 

remaining eight (20.5%) were neutral.  

 

From the above information, it can be seen that the opinions of the respondents 

are divided almost equality (difference of one respondent) between agree and 

disagree. This can be attributed to the fact that the majority of the respondents – 

30 (78.9%) - have less than 10 years’ experience working on transformers with 22 

(57.9%) of them having been in the organisation for less than 10 years. The 

respondents may not have knowledge and understanding of what industry best 

practice dictates.  

 

The majority – five (62.5%) - of middle managers said the workshop-designated 

clean condition area does not conform to industry best practice while the other 
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three (37.5%) said it does. Junior managers were spilt equally – two (28.6%) - 

between agree and disagree with the remaining three (42.8%) being neutral. 

 

Since this is a manufacturing workshop, the clean condition areas are supposed to 

determine how the workshop best supports production. The concept of continuous 

improvement of the workshop layout is important to help achieve efficiency in the 

entire transformer refurbishment process. Because of the nature of transformer 

refurbishment, it becomes challenging to have an area that conforms to industry 

best practice because of the multiple activities involved. 

 

5.4.3.2 The present TSS Rosherville workshop layout is conducive to the 

implementation of clean condition control 

 

 

Figure 5-32: Layout conducive to implementation of clean condition 

(Source: Self-generated) 

 

A total of 16 (41.0%) agreed with the statement while 14 (35.9%) disagreed. Nine 

(23.1%) of the respondents were neutral in their response. Looking further into the 

responses, four (50.0%) of middle managers said the workshop clean condition 

area does not conform to industry best practice. Middle managers were also split 

equally – two (25%) each - between agree and neutral. Junior managers and 

bargaining unit respondents – 11 (45.8%) - agreed with the statement while an 

almost equal number – 6 (25.0%) and 7 (29.2%) - were neutral and disagreed 

respectively.  
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In any transformer refurbishment process, the basic objective of workshop layout is 

to ensure a smooth flow of work, material, and information. Although the 

responses to the questionnaire were almost equal on either side of the Likert-type 

scale, observations by the researcher shows that the workshop layout was not 

designed with CC&FME in mind as there is no integration of the needs of people, 

materials and machinery in such a way that to create a single, well-functioning 

system. 

 

5.4.3.3 The floor layout in all clean condition areas needs to be updated 

 

 
Figure 5-33: Floor layout needs to be updated 

(Source: Self-generated) 

 

The majority of respondents – 30 (71%) - felt that the floor layout in all clean 

condition areas needs to be updated. Only three (7%) of the respondents said 

there is no need for change in the floor layout. six (15.4%) respondents were 

neutral. 

 

Of those who said the floor layout does not need to be updated, two were junior 

managers while one was from the bargaining unit. All middle managers said the 

floor layout needs to be updated. 
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The drive and development towards better CC&FME performance for TSS is 

essential. CC&FME industry best practice dictates that there is traceability of all 

components, materials and equipment in the process of refurbishing transformers. 

One alternative is obviously to update the workshop floor layout to conform to 

industry best practice. It could be expensive to redesign the workshop layout but 

the benefits would be immense. The organisation will have to come up with 

alternatives and decide which one would best suit their objectives.  

 

5.4.3.4 The current clean condition access control system must be 

changed 

 

 

Figure 5-34: Current access control system must be changed 

(Source: Self-generated) 

 

Nineteen (48.7%) of the respondents felt that the current clean condition access 

control system must be changed. Eleven (28.2%) felt that there is no need for 

change in the access control system. The remaining nine (23.1%) were neutral. 

The majority – six (75.0%) - of middle managers agreed that the current clean 

condition access control system must be changed while one (12.5%) each was 

neutral and disagreed respectively.  

 

It should be noted that during the time of the study, the organisation was 

undergoing change as indicated in Chapter 1. Similar changes were being 
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introduced in the clean condition areas as well. The researcher is of the opinion that 

this question might have confused the responses. Therefore, the responses may be 

a reaction to how the current process (implemented changes to date) is carried out 

and not what the process was before the changes. 

 

5.4.4 Dimension 4: Processes and procedures 

 

5.4.4.1 The current clean condition access procedures are easy to 

understand and follow 

 

 

Figure 5-35: Current procedures are easy to understand and follow 

(Source: Self-generated) 

 

The majority – 24 (61.6%) - of the respondents were of the view that the current 

procedures are easy to understand and follow. Eight (20.5%) of the respondents 

did not agree with the statement while seven (17.9%) were neutral. 

 

Of those who disagreed, seven (87.5%) were junior and bargaining unit 

respondents while only one (12.5%) middle manager disagreed with this 

statement. The majority of middle managers agreed with the statement while only 

one (12.5%) middle manager was neutral.  

 

If employees understand what they are expected to do and are given the necessary 

support, training and development, they are bound to improve their knowledge and 
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performance in CC&FME. This will ultimately benefit the organisation. As indicated 

by the findings above, there is a need to enhance the employees’ knowledge and 

understanding of CC&FME. This improvement can be achieved by further training 

and induction of employees, as discussed in section 5.4.2 above. 

 

5.4.4.2 Clean condition procedures must have different rules for different 

levels of employees, e.g. artisans should be treated differently 

from management 

 

 

Figure 5-36: Clean condition procedures must have different rules for 

different levels of employees 

(Source: Self-generated) 

 

Twenty-five (64.1%) of all respondents disagreed with having different rules for 

different levels of employees while a quarter – 10 (25.4%) - were in agreement. 

The majority of – 21 (84.0%) - those who disagreed with this statement were 

junior and bargaining unit employees. Middle managers were split equally between 

agree and disagree.  

 

Another pillar of a successful CC&FME programme is leadership by example. As 

discussed in literature review section 2.1.4.1, management must take the initiative 

to ensure that they set a good example for all the workers and any other personnel 

involved in the FME area by adhering to existing FME procedures. It should be 

noted that well-written organisational procedures help employers manage 

employees more effectively. As per EPRI’s CC&FME industry best practice, all 
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personnel working in the clean condition area should share a common responsibility 

for FME for the process to be a success.  

 

Although different levels of employees - from artisans to management - have 

specific roles to play in the process, preventing the introduction of FMs into a 

transformer requires a careful, thoughtful, and professional approach by all 

employees. CC&FME procedures cannot work if there is no collective and 

consistence approach by all working in the CC&FME environment. 

 
5.4.4.3 Employees and management apply the current clean condition 

procedures that are in place at the moment 

 

 

Figure 5-37: Employees and management apply the current clean condition 

procedures that are in place at the moment 

(Source: Self-generated) 

 

Eighteen (46.2%) of the respondents disagreed with this statement while an almost 

equal number – 16 (41.0%) - agreed with the statement. This left five (12.8%) 

neutral. As has been seen, the majority of the respondents - by a slight margin of 

18 (46.2%) - have said that employees and management do not apply the current 

clean condition procedures that are in place at the moment. There may be 

repercussions for this, which possibly could lead to issues in the organisation in the 

future. In a normal instance, employees are often disciplined when they do not 

follow organisational procedures. However, when both management and employees 
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are seen not to be following procedures, incorrect precedence is set and it becomes 

difficult to change such. 

 

In any organisation, procedures are implemented for a valid business reason. In 

the case of TSS, the CC&FME procedures are there to prevent FM contamination of 

transformers during refurbishment. It is therefore important that TSS management 

and employees have a consistent method of applying the current procedures. There 

should be careful consideration when a decision not to follow the procedure is made 

and the possible consequences of such a decision. It has been seen - in the 

literature review in section 2.3.11 - that TSS has a process called clean condition 

concession application. If both management and employees follow this process, 

perceptions of not following the procedures could be avoided as any deviations 

from the procedure would be recorded and communicated to all concerned.  

 
5.4.4.4 Control of personnel, materials and tools into power transformers 

in such a manner as to prevent the ingress of foreign objects or 

dirt during a transformer outage is done correctly or in line with 

best practice 

 

 
Figure 5-38: Control of personnel, materials and tools 

(Source: Self-generated) 

 

Interestingly, an equal number – 13 (34.2%) - of respondents each agreed or 

disagreed respectively with the remaining 12 (31.6%) were neutral. The 

respondents’ difference in opinions regarding this statement is not that significant. 
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This fact demonstrates or suggests that the respondents view the current control 

as ineffective or lacking. Observation by the researcher has indicated that there is 

indeed a lack of control where the current procedure is not followed. Research 

results shown above in section 5.4.4.3 also confirm that there is a perception that 

procedures are not being followed. 

 

5.4.4.5 Cleanliness issues during refurbishment can cause delays in 

delivery, performance degradation and unit damage 

 

 

Figure 5-39: Cleanliness issues 

(Source: Self-generated) 

 

The majority – 22 (57.9%) - agreed with the statement while 10(26.4%) 

disagreed. Six (15.8%) were neutral. Again referencing EPRI’s CC&FME industry 

best practice in section 2.1.4, good housekeeping is a cornerstone of FME 

performance. An incident has also been seen - in section 2.4.1 - that was cause by 

cleanliness issues. Such an incident could have been avoided should cleanliness issues 

take a priority when refurbishing such a transformer. Rework time and cost as well 

reputation damage to the organisation could also be avoided if such issues are 

addressed.  

 

5.4.4.6 Transformer OEMs conduct FME when building or refurbishing 

transformers 
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Figure 5-40: Transformer OEMs conduct FME 

(Source: Self-generated) 

 

Half – 19 (50.0%) - of the respondents agreed that transformer OEMs conduct FME 

when building or refurbishing transformers while 18 (47.4%) were neutral. Only 

one respondent disagreed with this statement. In the literature review - sections 

2.5.1 to 2.5.5 – it was noted that transformer OEM’s FME processes are discussed. 

This is a clear indication that such processes or programmes are important.  

 

5.4.4.7 Human elements affect FME 

 

Almost two-thirds, 25 (65.7%), of the respondents agreed that human elements 

affect FME while three (7.9%) disagreed. Just over a quarter – 10 (26.3%) - were 

neutral. Human elements or behaviour can develop into an organisation’s culture, 

which can be difficult to define and even more difficult to change (General, 2012). 

The culture of an organisation is essentially the sum total of the attitudes, 

behaviours, beliefs, and traditions of an organisation. High-performing companies 

often view culture as an enabler of strategy and performance, and want to create a 

culture that will support and enable employees in achieving those goals (General, 

2012). 
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Figure 5-41: Human elements affect FME 

(Source: Self-generated) 

 

This view is also in line with literature review in section 2.1.1 where it was 

discussed that FME control requires good human performance practices, such as a 

questioning attitude, self-checking, peer checking, and pre-job and post-job briefs. 

Culture exists at all companies, whether it is actively maintained or left to chance. 

It can be a liability or an asset and it is often the difference between short-term 

gains and long-term success. 

 

 

5.4.4.8 Different policies and procedures affect the management of FM 

 

Just over half – 19 (51.3%) - of the respondents agreed that different policies and 

procedures affect the management of FM. Seven (18.9%) disagreed with this 

statement while 11 (29.7%) were neutral. 

 

Observation by the researcher indicates that CC&FME procedures in TSS are an 

afterthought. The main priority for TSS is skewed towards production success. 

What seems not to be not known is that CC&FME procedures can in fact assist in 

achieving high levels of quality refurbished transformers. The literature review - in 

section 2.5.1 - shows that for Siemens, quality and performance are regarded as a 

tradition and a matter of principle.  
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Figure 5-42: Different policies and procedures affect the management of 

FM 

(Source: Self-generated) 

 

High levels of quality refurbished transformers are essential for an organisation to 

achieve its business objectives. Quality refurbished transformers can be a source of 

competitive advantage. In principle, different company policies and procedures do 

affect the end product which is a FM-free refurbished transformer in this case. 

  

5.4.5 Dimension 5: Open-ended questions and personal interviews 

 

5.4.5.1 In your opinion, what is regarded as FM in transformers? 

 

Respondents – 31 (82%) - gave various answers to this question while seven 

(18%) of the respondents did not attempt to answer. The key words in the answers 

given by the respondents were: “does not belong, potential to cause damage, not 

meant to be in the transformer, debris, dirt, can negatively impact the functionality 

of a transformer, unwanted, left inside during maintenance and not intended for 

use in the refurbishment of transformers.” 
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Figure 5-43: What is regarded as FM in transformers? 

(Source: Self-generated) 

 

 

 

 

 

 

 

 

The respondents also mentioned that materials, tools and components such as, 

“hand tools, bolts and nuts, binding wires” are also referred to as FMs. Personal 

items like rings, watches and cellphones are also seen as FMs. 

 

It is evident that the opinions of the respondents are in line with what was defined 

in chapter 1 as FM. It also becomes easier to influence the team to manage FMs 

since they are aware what is FM.  
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5.4.5.2 Have you, or any of your colleagues, ever experienced 

transformer failure caused by FM? Please explain. 

 

 
Figure 5-44: Transformer failure caused by FM 

(Source: Self-generated) 

 

Sixteen (42%) of the respondents answered affirming that they have experienced 

transformer failure because of FMs. Of these 16, two said they were told by their 

colleagues that a certain transformer failed owing to foreign material. Seventeen 

(45%) of the respondents either said they had not experienced it or did not 

comment. The remaining five (13%) of the respondents did not attempt to answer 

this question. Some of those respondents who answered the question gave the 

following account of what they experienced: 
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A transformer failed electrical test and investigations concluded that a lose bolt 

found between the yolk and the winding was the cause of the failure. 

A wire that fell between the core and the core clamp caused the transformer to fail 

on insulation resistance. 
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Other narratives by the respondents were of foreign materials like conductive 

copper shavings that lay on the core, causing circulating currents that lead to a 

fault. A knowledgeable person who works in the quality department of TSS 

mentioned that they have experienced many transformer units that have failed 

because of foreign materials. 

The respondents said that some of the foreign materials that were found in the 

transformers included rags left inside the tank, hand tools left between the 

windings and active part, loose wires left inside the transformer, and a spanner 

found inside the transformer. One instance of water ingress in the transformer 

insulation was mentioned and this was attributed to poor drying-out of moisture. 

 

The two respondents who said they have not personally experienced failure caused 

by FMs said that they were told by their colleagues that a loose washer - that was 

left inside the transformer - caused a transformer failure.  

 

These responses confirm that transformer failure caused by FM is a reality within 

the organisation. It however does not correspond to what is officially recorded in 

the engineering and quality departments. Official records show few incidents of FM 

that have been recorded. Of those incidents recorded, these have been marked 

confidential. Some of those incidents have been discussed in section 2.4 of the 

literature review. 

 

5.4.5.3 Is there a need for clean condition and FME on transformers at the 

TSS Rosherville workshop? Please explain. 

 

Seven (18%) of the respondents said there is no need for having clean condition 

control and the same number of respondents did not comment on the question. 

One of the respondents who said there is no need for clean condition control and 

FME process said that the workshop refurbishment process should be standardised 

Oil cooler pipe blocked resulting in transformer overheating and damage to the 

windings insulation. 

Copper sleeves were found inside the transformer after the transformer failed 

during testing. Inspections revealed that there were copper material at the bottom 

of the tank. 
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and that everyone should adhere to it. Meaning, clean condition control should form 

part of the standard work instruction of transformer refurbishment. 

 

Two other respondents said that they just have to follow the practice for the sake 

of obeying the set procedures and processes. Another two respondents simply said 

they are not sure. Another respondent said they would rather prefer a “control 

area”. 

 

 
Figure 5-45: Need for clean condition control  

(Source: Self-generated) 

Some of the positive responses that were in favour of having a clean condition and 

FME system had the following to say: 
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Another respondent said that Eskom cannot afford any delays, failure or damage of 

transformers owing to avoidable clean condition and foreign material exclusion 

incidents. A respondent gave the reason that such processes will be used for 

preventing, controlling, accounting and resolving the uncontrolled introduction of 

FMs into the transformers. 

 

Two respondents believed that clean condition control is required to monitor and 

produce a quality product. They also mentioned that there is a need for the 

handling of personal belongings around transformers as it may reduce carelessness 

which might lead to poor quality product. 

 

Other reasons given by the respondents as to why clean condition control and 

foreign material exclusion is required included: 

 

• Transformers require the flow of current to be undisturbed or not hampered 

by foreign matter. Transformer failure in general disrupts national supply of 

electricity.  

• Clean condition control and FME minimises the possible ingress of FM into 

the area. 

• Two critical stages of a transformer refurbishment are final assembly and 

internal inspection. These two activities expose the active part of the 

transformer to foreign material which would lead to transformer failure at the 

electrical testing stage. 

Tools, rags, chemicals and some consumables are not properly controlled in 

TSS. I have an experience while I was busy tanking the transformer one top 

cover bolt and the spanner fell inside the transformer tank that was filled with 

oil and it took us more than two hours to retrieve them with a magnet. But if 

clean condition and foreign material exclusion was used it could have been 

prevented by using CC&FME lanyard and other clean con measures and we 

should have been able to save a lot of time. 

 

During the windings of coil, if any metal object gets stuck between the coil (HV 

coil, LV and MV coil) it will blow the transformer during testing. By 

implementing clean condition, the risk of foreign objects being left inside the 

transformer and transformer coils will be reduced. 
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Again, these responses do compare favourably with what literature review states. It 

means employees are aware of the dangers and consequences of FM being left 

inside a transformer.  

 

5.4.5.4 Which component of the transformer is most likely to fail owing to 

FM? 

 

 
Figure 5-46: Components that can fail  

(Source: Self-generated) 

 

Seven (18%) said no transformer component can fail because of FM contamination 

of the transformer while six (16%) did not respond to the question. The remaining 

respondents - 25 (66%) - acknowledged that some transformer component can fail 

owing to FM contamination. One respondent who said no component can fail 

because of foreign material contamination also said the following: 
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Looking at those who responded, windings and the core accounted for 80% with 

the remaining split between tap changer, all components, tanking and a selection 

of those who were not sure.  

 

 

 

 
Figure 5-47: Components that can fail 

(Source: Self-generated) 

 

These research results do show that there are components that can fail if FMs are 

left inside a transformer.  

 

5.4.5.5 What steps can be taken to prevent FM from damaging 

transformers? 

 

The majority of the respondents - 29(76%) - answered affirming that there are 

possible FME steps that can be followed to prevent damage to transformers. Nine 

(24%) of the respondents did not answer this question.  

3%

50%

3%

30%

7%
7%

Component that can fail

All components Windings Tapchanger Core Not Sure Tanking

The core insulation, it is however rare for this failure to manifest during service on 

site. Most often, the transformer would continue to operate without any serious 

damage. The failure would be detected during testing. 
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Figure 5-48: FME steps to prevent damage to transformers 

(Source: Self-generated) 

 

 

The respondents used the following words to answer this question: 

• Intensify, 

• Benchmarking,  

• Conducting audits,  

• Management and employee compliance,  

• Apply stricter control measure,  

• Effectively introduce and adherence by all,  

• Restrict materials being carried into transformers,  

• Complete control of access,  

• Ensure area is free from external environment materials such as dust, 

• X-ray quality scans,  

• Ensure that only components and tools required are signed in and out on a 

daily basis, 

• Do not bring foreign materials, 

• Proper intense training of employees, 

• Procedure, 

• Teamwork and cooperation, 

• Training, 

• Enforce, 

• Do not mix dirty and clean windings, 

24%

76%

FME steps to prevent damage to 

transformers 

No Response Response
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• Have a separate dismantling and assembly area, 

• Access controlling, 

• Manage movement of materials, 

• Get rid of birds and seal the roof, and 

• Implement full clean condition measures. 

 

The respondents also mentioned that damage to transformers can be prevented by 

putting a process in place that will monitor all items being taken in and out during 

the refurbishment of the transformers.  

 

One interesting response was that: You cannot, it is mostly workmanship. This 

respondent was adamant that it all has to start with the employees. Another 

respondent recommended benchmarking against industry best practice and 

developing stringent control measures. 

The majority of the respondent’s opinions align to EPRI’s CC&FME industries best 

practices. 

 

 

 

 

 

 

 

Strict conformance and discipline to current clean conditions procedures provide 

training, management commitment, independent audits, correct observations 

and findings, on-job supervision of staff involved in clean conditions, create an 

atmosphere of reporting/flashing lost items/components without fear of 

discipline. Revise current procedures with improvements; modify floorplans and 

working areas to improve clean conditions. Utilise latest High Definition (HD) 

CCTV equipment; create a positive value adding culture with staff. 

1. Proper implementation of Clean Conditions Control and Foreign Materials 

Exclusion Procedure. 

2. Management & employees compliance. 

3. Conducting audits during disassembly, refurbishment & reassembly 
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5.4.5.6  What other FME solutions or methods have you heard that are 

used outside of Eskom? 

 

 
Figure 5-49: FME solutions used outside of Eskom 

(Source: Self-generated)  

 

The majority of the respondents – 30 (79.9%) - did not attempt to answer this 

question or responded with “none” as an answer. The remaining eight (20.1%) 

mentioned the following: 

 

• One respondent said that they are aware of a bin system where each 

transformer has its own dedicated bin or storage area with its component. 

• Another respondent mentioned that the aircraft industry has a clean 

condition system but he has no further details regarding this system. 

• The rest of the respondents then talked about wearing of clean condition 

PPE, overshoes and implementation of x-ray machines and metal detectors. 

They also mentioned that quality check plans with hold points is what is 

being used by other organisation with an emphasis on supervision. 

 

The lack of response to this statement can be attributed to the fact that the 

majority of the respondents – 30 (78.9%) - have less than nine years’ experience 

working on transformer while 22 (57.9%) of this number have been in the 

organisation for less than nine years. It can therefore be deduced that the 

79%

21%

FME solutions used outside of Eskom

No Response Response
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respondents have limited experience of CC&FME other than what they have been 

exposed to in TSS.  

  

5.4.5.7  Do you think TSS is complying with the current clean condition 

process as it should?  

 

If yes, what are the benefits of complying with the clean condition processes? 

If no, what could be the cause of not complying? 

  

 
Figure 5-50: TSS compliance with FME processes  

(Source: Self-generated) 

 

Four (11%) said TSS is complying with the current FME process while seven (18%) 

did not respond to the question. The majority of the respondents - 27(71%) - said 

no.  

 

Of those that admitted that there is compliance with the current FME processes, 

they mentioned that they can see the following benefits: 

 

• Rework prevention,  

• Reduction of failure costs,  

• Repeat business because of customers,  

• Positive image and reputation for the organisation, and 

• Some jobs were completed without any failure. 

 

11%

71%

18%

TSS compliance to FME processes

Yes No No response
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Of those that said there is no compliance, they had a wide range of comments and 

reasons why they believe there is no compliance. 

 

The remainder of the responses can be categorised as follows. 

 

Training 

Poor workmanship and lack of skilled employees are resulting in transformer 

failure. 

Employees are not aware of the clean condition and FME requirements and they 

need training in this regard. Employees are not wearing clean condition PPE. There is 

lack of knowledge and understanding from both management and employees. 

 

Management 

TSS management sometimes perceives clean condition and FME as a delaying 

process. Management is perceived as not entirely supporting the process and enforcing 

the rules. This behaviour is deemed negligent from both the management and 

employees  

 

Attitude and culture 

There is a culture of bad discipline in the workforce and the tendency to politicise 

every process. Sometimes the access controllers are not at the clean condition 

cabin or there are too many people sitting in the clean condition cabin. There is a 

perception that management and the workers are resistant to change.  

 

It is interesting that an overwhelming majority of the respondents - 27(71%) – 

state that TSS does not comply with the processes.  

Management is not an example in that they want to be treated differently from the 

rest of the employees and the procedure is not fairly drafted to best suit the 

material/transformers protection from ingress of foreign material. 

There is always room to improve; 

catastrophic avoidable failure is the 

consequence of not complying. 

Employees are not wearing clean 

condition PPE and that they are not 

trained in terms of the current clean 

condition work instruction. 
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Correlating research results of this question with results in sections 5.4.2.6, 5.4.3.3 

and 5.4.4.3 of the research results and analysis reveal consistency in the views 

expressed by the respondents. The majority of the respondents in all four questions 

agree that people do not adhere to the current processes. Contributing factors to 

this include employee attitude and culture, lack of training and management not 

leading by example. 

 

5.4.5.8  How can the TSS Rosherville workshop make sure there are no 

FMs left inside the transformers after refurbishment or 

maintenance? 

 

 
Figure 5-51: Ways of making sure there is no FM 

(Source: Self-generated) 

  

The majority of the respondents – 23 (61%) - made suggestions on ways to make 

sure there is no FM left in the transformer while 15 (39%) of the respondents did 

not attempt to respond to the question. The responses received talked about a 

wide range of topics that include strict clean condition and FME process, compliance 

with the current processes by all, the use of metal detectors and x-ray scanners, 

clean condition training, development of procedures and improving on current 

processes, thorough inspections and the use of roaming access controllers (RACs) 

inside the clean condition area.  

 

61%

39%

Ways of making sure there is no FM

Response No Response
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The respondents also suggested that an endoscope be used to inspect the 

transformer before or after tanking. All clean condition registers should balance and 

a physical inspection by a highly skilled and competent specialist should be 

undertaken before the transformer refurbishment is signed off was one of the 

suggestions. 

Proper quality checks on the transformers before tanking need to be carried out as 

well as using the clean conditions inventory list to verify that all FM/tools etc. are 

accounted for, in other words they have been booked out of the clean conditions 

area. 

 

 

The researcher’s observation is that the majority of respondents are aware of what 

needs to be done to avoid transformer contamination because of FMs. The question 

can then be asked that if employees are aware of the requirements what is 

stopping the implementation of this process? 

 

5.4.5.9  What do you make of the TSS workshop environment? Is it 

adequate and conducive for clean condition processes? 

 

Nine (22%) of the respondents said the workshop environment is adequate and 

conducive for clean condition and FME while 13(35%) did not respond to the 

question. One (3%) respondent said that they believe it is a work in progress. 

Sixteen (40%) of the respondents said the environment is not adequate or 

conducive for clean condition and FME. 

 

Of those who said it is adequate and conducive, they suggested that it is a matter 

of fully implementing the current system and enforcing it. 

 

The organisation can make use of a well-organized quantifying system of all items 

entering and leaving the refurbishment area through clean condition control 

process. 

The test bay department should also be part of the clean condition process since 

the transformers are exposed or opened that side. The tank bay needs some 

control measures as transformers are exposed but there is no control. 
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Figure 5-52: Workshop environment adequate and conducive  

(Source: Self-generated) 

 

Looking at those who said the environment is not adequate or conducive, they find 

floor layout small, dirty with bird droppings, tools and equipment everywhere. The 

respondents also criticised the bad discipline of employees and the fact that 

maintenance of other workshop machines is done while transformers are being 

refurbished. FME is completely disregarding.  

 

Employees at TSS are going through a transformation phase because they have 

worked on transformers for many years without clean conditions control. The 

workshop was not designed with clean condition control in mind, the area should have 

been completely enclosed and there should be temperature and pressure control. 

22%

40%

3%

35%

Workshop environment adequate 

and conducive 

Yes No Work inprogress No response

Transformers must not be treated 

like generator rotors as they are 

two different types of equipment. 

It is adequate if all the aspects 

outlined in the clean condition 

procedure can be fully observed 

and adhered to by the employees 

and TSS management. 

Not adequate, it is congested. Sometimes times clean condition area is used as 

storage area because of lack of space in the workshop. 
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5.4.5.10 What is the best FME control system or model that could be 

effective at the TSS workshop? 

 

 
Figure 5-53: Best FME control system  

(Source: Self-generated) 

 

Half of the respondents did not respond to the question while the remaining half did 

propose a system of some sort. Most of the responses revolved around the current 

FME system. Another respondent said the best control system model involves control 

of tools and equipment by access controllers. 

 

Ensuring that inspections are done and cleanliness compliance are the best ways to 

manage FMs. Some respondents suggested the use of electronic scans and biometric 

system while others recommended that RACs be introduced just like the in the TGS 

model.  

 

 

 

50%50%

Best FME control system

No response System proposed

There is a big room for improvement. Certain improvements can be made to 

upgrade the area to the level that is desired in terms of clean condition procedures 

and standards. 

Apply the same model used in TGS and work on discipline issue. 
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5.5 Spearman Correlation Matrix 

 

Spearman’s Correlation Coefficient is a statistical measure of the strength of a 

monotonic relationship between paired data. The closer the number is to -1.00 or 

+1.00, the greater the strength of relationship. The correlation coefficient is used 

to explain the relation between variables in this study. 

 

Reliability of the questionnaires is discussed below. 

 

 
Figure 5-54: Spearman Correlation Matrix 

(Source: Self-generated) 

 

The most positively correlated questions between TSS Rosherville employees are 

adequate trained and equipped to identify FMs; and all employees know their roles 

and responsibilities when it comes to FMEs (correlation 0.73). 

The current control system is actually the best with the addition of support from 

the employees and management in upholding and adherence to detail of the clean 

condition work instruction that has been recently authorized as a working 

document. 
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Figure 5-55: Top 5 most positively correlated questions  

(Source: Self-generated) 

 

The most negatively correlated questions were between the current clean condition 

access control system must be changed; and the current clean condition 

procedures are easy to understand and follow (correlation -0.43). 

 

 
Figure 5-56: Top 5 most negatively correlated questions  

(Source: Self-generated) 

 

5.6 Principal component analysis 

 

Principal component analysis (PCA) is a technique that is useful for the compression 

and classification of data. The purpose is to reduce the dimensionality of a data set 

(sample) by finding a new set of variables, smaller than the original set of variables 

that nonetheless retain most of the sample's information. (By information the 

researcher means the variation present in the sample, given by the correlations 

between the original variables.) The new variables, called principal components 

(PCs), are uncorrelated, and are ordered by the fraction of the total information 

each retains. 

 

From the scatter plot dimensions of the PCA, the following can be deduced: 

• The questions that are closer to each other mean that they are highly 

correlated. 
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• The question that are far apart, or orthogonal (angle: 90 degrees) to each 

other, means that are they are less or negatively correlated. For instance 

question 2(a) looks to be orthogonal or far apart from all of the other 

questions which is also indicated from the correlation matrix with this 

question being more negative than the other questions. 

 

 
Figure 5-57: Scatter plot 

(Source: Self-generated) 

 

5.7 Summary and conclusions  

 

As indicated in section 2.1.4.2, employee training is one of the cornerstones of an 

effective FME programme. In order for the organisation to prevent transformer 

failure caused by FM and improve their performance, it is imperative that all 

employees are trained in CC&FME and that they know their roles and 

responsibilities. As per EPRI industry best practice, training should be incorporated 
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into all operations training programmes offered by the organisation. This is also 

supported by the assertions in section 2.5.1 that say only well-trained and 

motivated employees are able to guarantee that a process will be performed with a 

high degree of quality. The quality of a transformer is based on the quality of all 

processes that are necessary from project acquisition to project closing. The quality 

of the processes depends essentially on people.  

 

Furthermore, from the literature review in Chapter 2 it can be deduced that taking 

personal responsibility is another foundation of an effective CC&FME programme.  

This is also clearly illustrated by responses is section 5.4.2.4 above where a large 

number of respondents – 29 (76.3%) compared to three (7.9%) - agreed with the 

statement. On the contrary, the same employees have a perception that their 

colleagues seem not to be aware of their roles and responsibilities. Again, the 

literature review confirms that all personnel working in the clean condition area 

should share a common responsibility for FME for the process to be a success. The 

process of CC&FME requires a careful, thoughtful, and professional approach by all 

employees. 

 

It is only through clean condition training and induction that all those working in 

transformer refurbishment will know the purposes and importance of the CC&FME 

process and also how it can benefit them and the organisation. This training and 

induction will also go a long way to making the CC&FME process more effective and 

beneficial for both the employees and the organisation. 

 

It is now possible to get an opinion of what the clean condition area should be like. 

As can be seen from the responses in section 5.4.3 above, the respondents are of 

the view that that the designated clean condition areas need to be changed. The 

researcher’s observations indicated that there is no consistency by TSS supervisors 

and their employees when it comes to deciding the level of clean condition required 

on each transformer. EPRI’s FME process - as stipulated in figure 2-3 - clearly 

shows the steps to be taken. However, the practice in TSS is not consistence as 

some of the transformer’s active parts are opened in uncontrolled areas without 

any form of clean condition control.  

 

The results analysis and discussion in this section, together with the literature 

review, has demonstrated the importance of having proper designated clean control 

areas. However, it also became evident from the findings that the current CC&FME 

areas and the control system, as practiced in TSS, is not adequate in many 

respects. 

 



 

116 

 

Discussing the CC&FME processes and procedures further shows that the majority -  

seven (87.5%) - of those who said the current process was not easy to understand 

and follow were junior managers and bargaining unit respondents. This can be 

considered a concern as these are the employees who are on the workshop floor on 

a daily basis. They are the first line of defence when it comes to FME. It is further 

evident that more work needs to be done to change their current views and opinion 

to prevent transformer failure caused by FMs. 

  

As for the clean condition process, the researcher’s view is that the current work 

instruction does comply with industry best practices and both Eskom Generation 

standard procedure with unique identifier 240-56356472 and TSS own work 

instruction. This is what is required is for the full implementation and participation 

by both management and employees.  

 

The research findings have indicated that the CC&FME processes and procedures - 

in the refurbishment of transformers - plays a crucial role in making the process 

more effective. The research results analysis has also revealed that there is a need 

to improve the CC&FME system through training of all and by collaboration between 

management and employees. 

 

Although the results in some questions reflect divided opinion (neutral results in 

some questions), a significant number of the respondents have indicated that the 

implementation of clean CC&FME process is not effective as it should be. 

 

The research results presented were derived from the survey questionnaire, 

observations by the researcher, personal interviews and the literature review. From 

the research results highlighted in this chapter, conclusions and recommendations 

will be made in Chapter 6, contextualised again with literature. The questionnaire is 

attached as Annexure A while results are tabulated in Annexure B. 
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Chapter 6 Conclusion and recommendations 

 

The aim of this research study is to ascertain if the current TSS CC&FME control 

system is sufficient or adequate enough to prevent the occurrence of FMs in 

transformers. In this last chapter of the research, the researcher will review the 

research question and sub-questions against the findings. Further to this, 

conclusions will be drawn and recommendations will be made while limitations will 

be discussed last. 

 

6.1 Achievement of the research objectives 

 

To guide this research, the objectives of the study were structured according to 

three research dimensions with eight objectives to ascertain if the current TSS 

CC&FME control system is sufficient or adequate enough to prevent the occurrence 

of FMs in the transformers. The central research question was designed to seek the 

ideal CC&FME control system and resulting best practice for ensuring that there is 

no FM left inside transformers during refurbishment. Data from the survey, 

observations, interviews and the literature review were used to answer the 

research questions posed by the researcher. The gathered data led the researcher 

to realise that some of the biggest stumbling blocks to the implementation of 

CC&FME process are actually employee perception and CC&FME-related training.  

 

A high-risk FME zone for any internal activities or inspections of large transformers, 

such as station transformers, should be established (EPRI, 2014). The literature 

review and research results have shown that the consequences of FM intrusion in 

the transformer can be severe and catastrophic. It has also been seen that large 

power transformers are complex pieces of equipment with a variety of components. 

In view of that, extra attention is warranted to prove that each transformer that 

goes through the TSS workshop is refurbished in accordance with industry CC&FME 

best practice and control systems. 

 

From the gathered data, it is evident that while TSS has a well-written CC&FME 

procedure, the actual process was not being carried out according to such 

procedure. The research results showed that change in culture and compliance with 

current process by all are some of the ways to prevent damage to transformers by 

FMs.  

 

Following the research results, it is clear that the following steps can be 

implemented to prevent FM inclusion into the transformers during refurbishment: 
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• Benchmarking,  

• Management and employee compliance,  

• Apply stricter control measures,  

• Only components and tools required are signed in and out on a daily basis, 

• Proper and intense training of all employees, 

• Instill teamwork and across-the-board cooperation among all role players 

and stakeholders, and 

• Have a separate dismantling and assembly area. 

 

The implementation of systematic layout will achieve improvements and prevent 

the introduction of FM during the refurbishment of transformers at the workshop. 

The full implementation of the CC&FME process as per industry best practice has 

the direct impact of improving specifically the flow of material, equipment, tools 

and personnel ultimately optimising the efficiency and production effectiveness 

throughout the transformer refurbishment process. 

 

6.2 Conclusion 

 

Starting with the literature review chapter, it was demonstrated why FME processes 

are needed when refurbishing large transformers and why employees and 

management should to participate in this process. The cost of not adhering to clean 

condition and FME can be categorised into the following: 

  

• Transformer damage – Damaged transformers are costly to refurbish and 

repair. It therefore makes financial sense to prevent FM and debris from 

entering transformers rather than to repair this. 

• Reputational damage – The organisation’s reputation can be damaged by the 

non-provision of electricity to customers. A situation like this can spiral out of 

control very quickly. It has been seen in the past, during load shedding, that 

recovery of the organisation’s reputation can take a long time.  

• Plant downtime – Transformer downtime costs can be massive. The cost of 

lost production time and the impact to the country’s economy cannot be 

quantified as this can run into millions of rands. The effects of transformer 

downtime can be felt on a larger scale because the country's economy is 

dependent on a reliable supply of energy. 

 

The following four dimensions, as mentioned in the previous chapters, will be 

concluded on. 
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6.2.1 Training and job climate evaluation 

 

People can only change when they have the capacity to do so (Feld, 2001). Ability 

is defined as having the necessary skills and knowing how to use these (Feld, 

2001). Willingness is the motivation to apply those skills to a particular situation. 

 

It is important that when implementing CC&FME process, all stakeholders are 

engaged if such changes are to succeed. Employees are more likely to disengage 

from the implementation process if a persuasive narrative - as to why the change is 

essential - is not presented to them. It has been demonstrated that one of the most 

important aspects of clean condition and FME is that all those involved understand 

their roles as an individual and team member. 

 

Organisational ethos is one of the most difficult traits to change. It has been seen, 

in the research analysis chapter, that a certain culture and behaviour for the 

organisation has been developed over the years. Some of these behaviour and 

culture tendencies are not necessarily in line with formal organisational systems. A 

company’s culture contributes significantly in the formation of an organisation’s 

behaviour and can be difficult to alter (Feld, 2001). 

 

With change in an organisation, there is always pain and resistance to such 

changes. These can be avoided by looking out for the following errors. 

 

6.2.1.1 Allowing too much complacency 

If managers and employees, who are supposed to lead the change are allowed to 

be complacent, the results of the intended change will not come through. This will 

in turn demotivate the project leader. The leading team must instil a sense of 

urgency in the managers and employees responsible for the change 

implementation.  

 

6.2.1.2  Failing to create a sufficiently powerful guiding coalition 

Implementation of CC&FME processes cannot be achieved by working as an 

individual. The whole team - from the product group manager to every employee - 

must work as a coalition. When introducing CC&FME processes, it is inevitable that 

some employees and managers will try to discredit the efforts being made. The 

coalition is always powerful in terms of formal titles, information and expertise, 

reputation and relationships and the capacity for leadership (Kotter, 2012). 

 

6.2.1.3  Underestimating the power of vision 
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Vision plays a key role in producing useful change by helping direct, align and 

inspire actions on the part of large number of people. Without vision, 

transformation can easily become confusing. Time-consuming projects that go in 

the wrong direction yield no useful results. The product group manager and her 

management team should communicate the vision to the team and also commit to 

uphold the implementation of such vision. 

 

6.2.1.4  Permitting obstacle to block the vision 

Obstacles to change can be in the employees’ mind or these can also be physical. 

The way out of this is to help everyone in the organisation identify and remove all 

obstacles. Some of these obstacles can be the current organisational structures. 

This can easily undermine the efforts being made to change how things are 

currently being done in the workshop.  

 

6.2.1.5  Failing to create short-term wins 

As change takes time, there should be short-term goals where employees can 

celebrate when these are achieved. The route to change a process in an 

organisation is a long-term progression not a single event. If there are no short-

term goals, the process risks losing momentum and relevance. 

 

6.2.2 Clean condition area 

 

When the active parts of the transformer are exposed, the transformer workshop 

refurbishment area has to be separated from the rest of the facility to maintain 

cleanliness requirements. Refurbishment of large transformers should be performed 

in an area that makes it possible to maintain a controlled environment with the 

required levels of cleanliness and orderliness. The facility should, as far as possible, 

allow for performance of all critical steps of the repair inside the controlled area. 

 

Industries best practices which are based on EPRI guidelines dictate that the clean 

condition area boundaries should be clear and concise. The current clean condition 

areas in TSS do have physical boundaries but the control of materials in and out is 

not been done. Further to this, the designated clean condition area is not inspected 

to ensure that loose debris and other potential FM is removed. This is all in against 

what is required by the current work instruction F-141.  

 

6.2.2.1  Control of materials, components, equipment and personnel 

The research results show that there is no adequate control of materials, tools and 

equipment into the clean condition area. Evidence shows that such uncontrolled 

materials do cause damage to the transformer. 
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6.2.2.2  Clean condition area floor layout 

Relatively small changes in the position of a machine in a factory or goods in a 

supermarket or changing rooms in a sport centre can affect the flow of materials or 

people through the operation (Pycraft, et al., 2005). This in turn can affect the 

costs and general effectiveness of the operation. Changing the transformer 

workshop floor layout can be a lengthy and difficult task because of the resources 

required. It should also be noted that when embarking on a re-layout process, this 

can disrupt the running of current operations. The bottom line is that when doing 

this exercise, the project leader has to get it right as the consequences of any 

misjudgement are normally significant. 

 

6.2.3 Processes and procedures 

 

If an organisation has well-defined processes and procedures, it becomes much 

easier to take corrective action when there are issues to be resolved. This also 

helps an organisation pull in the same direction. Communication of processes and 

procedures to the entire team, and why the organisation is embarking on the 

project, is important. The organisation needs to recognise that there is a 

relationship between ‘processes and procedures’ and change in an organisation. It 

is important to note that a change in one process often affects other processes. It is 

also important to understand the problem of FME in transformers and the solution 

being developed.   

 

It was evident, from the literature review and results, analysis that procedures are 

an important part of the CC&FME process as no project is risk free. However, the 

main challenge is in the application of the current clean condition procedures to 

prevent damage to the transformer caused by FMs. The importance of good FME 

procedures cannot be overstated. It is also clear that correct and well-written 

procedures can mean the difference between total transformer failures, minor 

damage to transformer and the complete prevention of such. There are several 

benefits of having set processes and procedures. 

 

6.2.3.1 Accountability 

A company’s procedures facilitate the definition of accountability. Procedures 

provide proof that an organisation is serious about providing quality service and 

products to its customers. Procedures also set performance standards and provide 

a performance-evaluation basis.   

 

6.2.3.2 Set expectations 

A path for a mutually desirable outcome for an organisation can be well communicated 

to all stakeholders. With procedures in place, organisation and employee behaviour and 
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responsibilities can be well established. This will in turn allow FM-free refurbished 

transformers. 

 

6.2.3.3 Consistency 

Well-established CC&FME procedures will help make sure that TSS’ way of refurbishing 

transformers does not deviate or deteriorate over time, even with the departure of key 

managers and employees. Consistency breeds both efficiency and quality. The process 

of refurbishing large transformers is performed in a repeatable manner providing the 

basis for operational improvement. It has been seen that the majority of personnel 

working on transformers have less than 10 years’ experience.  

 

6.2.4 The state of the system 

 

The “as-is” and “as-it-should-be” states of a system were discussed in section 3.5. 

Based on the research findings in chapter 5, the “as-it-will-be” state will now be 

discussed. 

 

6.2.2.1  The “as-it-will-be” state 

The “as-it-will-be” state defines the system in a point of time in the future if 

nothing but natural influences are imposed on the system. This state as the ‘Early 

Warning’ state.  

 

If the system is left as it is, the FMs can have the potential to cause catastrophic 

damage to the transformers, cause electricity distraction resulting in similar load 

shedding experienced when Koeberg failed owing to FM in the generator. 

 

(McLucas, 2003) states that a casual loop diagram is a convenient way of 

representing the principal feedback loops and related causal relationships relevant 

to a particular problem situation, without distinguishing between the nature of the 

interconnected variables. One can gain insight into the operation of a system by the 

use of casual loops. Formulating the chaos helps develop operating or resource 

policies to improve system performance. It helps gain information without 

disturbing the actual system. 

 

Procedures and work instructions should be revised as soon as possible to help 

employees implement new ways of doing things. This will help improve service level 

to the clients and the quality of the work. The necessity for re-work will also 

decrease by having well-trained personnel. 
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Figure 5-58: The “as-it-will-be” state at TSS workshop 

(Source: Self-generated) 

 

Having a systems view is critical for accomplishing effective organisational 

development. The use of various organisational strategies is key to effective 

organisational development. Such strategies would include planning, leadership 

development, team-building, supervisory development and employee performance 

management. 

 

6.3 Recommendations 
 

Instituting the following strategic recommendations will allow TSS to become a 

world-class transformer refurbishment and repair facility over the next couple of 

years. 
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S 

Running plant 
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Electricity price 

S 

Processes 

not 
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S 
Unhappy 

customers 

(Eskom) 
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6.3.1 FME process owner 

 

An interesting fact from the literature review is that the current clean condition 

process is owned by production management. The same production management is 

responsible for the refurbishment of these transformers. The following questions 

can be asked: 

 

• Is production management the correct custodian of the FME programme? 

• Are they senior enough to own this process? 

• Does production management give the FME programme the attention it 

deserves? 

• What are their main priorities? 

• Do they support the FME programme? 

 

The researcher’s answer to these questions points to the fact that there seems to 

be a conflict of interest. Accordingly, the best possible custodian would be the 

engineering manager as this individual is not concerned about production deadlines 

and delivery to the customer but rather with the integrity of the refurbished 

transformer. 

 

6.3.2 Stakeholder buy-in 

 

Four different departments have been identified as key stakeholders in the previous 

chapters. The programme stakeholder-identification activity is aimed at 

systematically identifying as many programme stakeholders as possible to create a 

stakeholder register (PMI, 2013). One may ask why it is necessary to identify 

programme stakeholders. The simple answer is that it allows the programme 

manager to recruit them as part of the effort to achieve a successful programme. 

Stakeholder analysis helps the programme manager to identify the most positive or 

negative influences on a programme. The programme manager can also identify 

those who are likely to be most affected by the programme, and how he should 

work with stakeholders with different levels of interest and influence.  

 

Further to identifying the stakeholders, it is recommended that the stakeholders are 

analysed using the power-interest grid which is best used to pin-point which 

stakeholders play an important role in the programme as well as why they play 

such a role. Stakeholders with low interest and low power are not vital to the 

programme while stakeholders with high interest and high power are regarded as 

key players in the programme. The main purpose of this stakeholder power-interest 
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grid is to help the programme manager understand what kind of influence each 

stakeholder has on his programme. 

 

 

 

Figure 5-59: Stakeholder Power-Interest Grid 

(Source: n.d) 

 

 

6.3.3 Culture change 

 

Employees will always become uncertain of their future prospects when change 

takes place in an organisation. It should be noted that there is no one correct 

organisational culture. All cultures promote some form of behaviour and constrain 

others. Some are well suited to rapid and repeated change, others to slow 

incremental development. The right culture for an organisation will be the one that 

closely fits the direction and strategy of a particular organisation as it confronts its 

own issues and the challenges of a particular time. In this case, the culture which 

TSS must pursue is one of embracing the clean condition and FME process.  

 

There are always benefits and unintended consequences of any culture change. The 

unintended implications of culture in an organisation imply the unforeseen or 

unpredicted results are actioned. These results are negative in nature most of the 

time. The organisation can do the following to minimise the unintended implications 

of culture change:  
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• The organisation should be willing to modify the objectives of the 

transformational business reality as the understanding of the new culture 

of CC&FME evolves. 

• The organisation can avoid bureaucratic procedures by implementing 

lightweight processes. 

• The project decision-makers should also be open to improvisations as 

things may not go their way all the time. 

• Decision-makers should try to create an environment in which a diverse 

group of stakeholders can air and reconcile their viewpoints 

 

6.3.4 Communication and implementation plan 

 

Effective communication can give an organisation a competitive edge (Smit & de J 

Cronje, 2001). Organisations in which communication systems are effective are 

likely to be more successful than those in which it is not. When people see activity 

happening within the organisation and do not understand what the purpose of it is 

or what it is intended to do they tend to be suspicious of the project and will not 

readily engage themselves with the effort. It is recommendation that: 

  

• Management needs to develop and roll out a communication plan early in the 

project to avoid excessive rumours and speculation. Employees need to be 

informed of the proposed new project to implement CC&FME in the 

workshop, why it is being done, and how they are going to be affected. 

• Management must coordinate roll-out of the project with top management 

approval. Top management is ultimately responsible for what happens at the 

workshop level and therefore should approve major changes to the clean 

condition and FM process which is under their span of control. 

• Management must develop a communication plan that is focused on three 

levels within the organisation, and tailor the content and subject matter to 

each level as proposed by (Feld, 2001) in the figure below: 
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Figure 5-60: Communication-planning hierarchy 

(Source: Feld, 2001) 

 

6.3.5 Clean condition area 

 

It is important that there be control of non-essential personnel, equipment, 

components and material entering the clean condition area. It is advisable that the 

clean condition area be typically as small as practically so as not to impede or 

restrict other work activities. When planning to re-layout the workshop floor area, it 

should be done with clean condition control in mind. Customer satisfaction and 

exclusion of FM should be the primary objective of this process.  

 

Housekeeping plays an important role in the prevention of FME. Cleaning of tools, 

equipment, materials and the general working environment should be every 

employee’s responsibility, i.e. clean as you work. In principle, good housekeeping 

improves the quality of the transformers, customer service and perception that they 

are receiving better service and increases the development of continuous 

improvement. 

 

6.3.6 Roles and responsibilities 
 

Once all the stakeholders are identified, their roles and responsibilities should be 

clearly acknowledged and communicated to all. Should the identified stakeholder 

not be available for some reason, then their duties must be delegated in writing 

and authorised. In this way, there is always someone who is accountable for clean 

condition activities that must be conducted at all times. Some of the important 

roles in the clean condition area includes: ensuring that all tools and equipment, 
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parts, component and materials are accounted for. This will in turn establish FME 

controls that protect the transformer from being damaged and degraded.  

 

6.4 Limitations 
 

There are limitations to the scope and content of this research owing to its being 

conducted in, and focused on, the TSS Rosherville workshop. Another limit is that 

the target survey population was in four distinct departments within Eskom Rotek 

Industries. Opinions expressed by the respondents may therefore differ compared 

with respondents working at large transformer OEM facilities. 

 

It should be noted that several transformer OEM were approached during literature 

review for information on their CC&FME processes, procedure and previous 

incidents of FM. They all decline to comment on the subject.  

 

6.5 Further study 
 

This study of clean condition and FME on large transformers should be seen as the 

beginning for further research in this field. Based on the literature review and 

research results, several outcomes were established and these require further 

research: 

 

• The culture of secrecy on FME failures, 

• The use of other technology like dot pin in clean condition area, 

• Methods of precisely detecting FMs in transformers, 

• Investigate role of senior management and leadership in the successful 

implementation of CC&FME process, and 

• How is FME implemented in the private sector, transformer OEM? 

 

6.6 Closing remarks 
 

The researcher considers that the objectives of the research study - as set out in 

chapter 1 - and emphasises that these have been met. It became evident that a 

large transformer is one of the biggest investments an organisation can embark on 

and as such refurbishment of this asset must be managed from both short- and 

medium-/long-term perspectives. The basic CC&FME principles have been explained 

and the effects of FM on large transformers can now be better understood. The 

management of this phenomenon is critical to avoid large transformer failure 

caused by FM. The best solution to this challenge is prevention. 
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This report has demonstrated that emphasis of the CC&FME programme should be 

on change in attitude of all those involved in the process. The change in attitude 

should be with specific emphasis on prevention rather than mitigation and recovery. 

This thinking allows all those involved to become overseers of the FME programme 

by being responsible for thinking through activities before performing these. FME 

should not be just a procedure but a way of doing good business. In closing, the 

employees’ understanding and implementation of the FME programme is critical to 

its overall success. 
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APPENDICES 

 

Appendix 1 – Cover Letter of the Research Questionnaire 

 

 

Cover Letter of the Research Questionnaire 

 

Dear Respondent 

 

I am currently studying towards a degree Master of Science in the Management of 

Technology and Innovation at The Da Vinci Institute for Technology Management. I am 

in the final stage of my research component and this requires that I complete a 

research dissertation.  

 

The topic of my research is Foreign material and transformer-related failure: 

Optimisation of the Transformer and Switchgear Services within Eskom.  

 

You are hereby requested to respond to the statements given below to the best of your 

knowledge about the issues raised. The study adheres to the code of ethics and no 

responses will be associated with your name hence, you are not required to furnish 

your name in this questionnaire. All your responses/ opinions are anonymous. 

 

This survey should take you approximately 20 minutes to complete. I would appreciate 

it if I get it back by 03 June 2016. 

 

Kind regards. 

 

 

Tendani Rasilalume 
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Appendix 2 – Research Questionnaire 

1. Demographics 

 
a) Job grade       

 
b) Job title       

 

c) Number of years in the organization   

 
d) Years’ experience in transformer  

refurbishment  

 

Reset
 

 

2. Training and job climate evaluation 
 

a) Have you ever done clean condition training and/or induction related to transformers? 
 

3-Yes
  

2-No
  

1-Not Sure
 

 

b) TSS Rosherville employees are adequately trained & equipped to identify FMs 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 

c) All employees know their roles and responsibilities when it comes to FM 

exclusions 

 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
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d) Are you aware of the importance of taking personal ownership and the promotion of 
Foreign Material Exclusion? 

 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 
e) Do you generally think other employees working on transformers appear to be aware of 

the importance of taking personal ownership and the promotion of Foreign Material 
Exclusion? 

 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 

f) Management supports the transformer clean condition process. 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 

g) Management is committed to making changes related to clean condition 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
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1-Strongly Disagree
 

3. Clean Condition Area 
 

a) TSS Rosherville Workshop designated clean condition areas conform to industries best 
practices. 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 
b) The present TSS Rosherville workshop layout is conducive for the implementation of 

clean condition control 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 
c) The floor layout in all clean condition areas need to be updated 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 
d) The current clean condition access control system must be changed. 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
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4. Processes and procedures 

 
a) The current clean condition procedures are easy to understand and follow. 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 

b) Clean condition procedures must have different rules for different levels of employees. 
e.g. artisans should be treated differently from management. 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 

c) Employees and management apply the current clean condition procedures that are in 
place at the moment 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

d) The control of personnel, materials, and tools into power transformers in such a manner 

as to prevent the ingress of foreign objects or dirt during a transformer outage is done 
correctly or in line with best practices. 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
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1-Strongly Disagree
 

e) Cleanliness issues during refurbishment can cause delays in delivery, performance 
degradation and unit damage. 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 
f) Transformer OEMs conduct FM exclusion when building or refurbishing transformers. 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 
g) Human elements affect FM exclusion 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
 

 

h) Different policies and procedures affect the management of FM. 

5-Strongly Agree 
 

4-Agree 
 

3-Neutral 
 

2-Disagree 
 

1-Strongly Disagree
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5. Open-ended questions 

 

5.1. In your opinion, what is regarded as FM in transformers? 

 

 

 

 

 

5.2. Have you or any of your colleagues ever experienced transformer failure caused 

by FM? Please explain 

 

 

 

 

5.3. Is there a need for clean condition and FM exclusion on transformers at TSS 

Rosherville workshop? Please explain. 

 

 

 

 

 

 

5.4. Which component of the transformer is most likely to fail due to FM? 

 

 

 

 

 

 

5.5. What steps can be taken to prevent FM from damaging transformers?  
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5.6. What solutions or processes to prevent FM damage of transformers can be 

recommended to Eskom? 

 

 

 

 

5.7. What other FM exclusion solutions or methods have you heard that are used 

outside of Eskom? 

 

 

 

 

 

5.8. Do you think TSS is complying to the current clean condition process as it 

should?  

If yes, what are the benefits of complying with the clean condition processes? 

If not, what could be the cause of not complying? 

 

 

 

 

 

 

 

 

 

5.9. How can TSS Rosherville workshop make sure there are no FMs left inside the 

transformers after refurbishment or maintenance? 
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5.10. What do you make of the TSS workshop environment? Is it adequate and 

conducive for clean condition processes? 

 

 

 

 

 

5.11. What is the best FME control system or model that could be effective at the 

TSS workshop? 
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Appendix 3 – Research results tabulation 

 

CC&FME Management TSS Projects TSS Engineering TSS Quality TSS Operations Management CC&FME Operations TSS Utility TSS TraineeTSS Winders TSS Artisan

Variable Label 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

Q1 Demographics

(a) Job grade T12 M18 T12 T12 T12 M15 M15 M15 M15 T12 M14 T12 M15 T10 T9 T9 M14 T6 T6 T6 T6 T6 T6 T10 T6 T4 T4 T4 T4 T4 T4 T7 T7 T7 T7 T9

(b) Job title ChampionManager ChampionChampionChampionManager Manager Manager Manager Snr Tech Manager Technician Manager SupervisorSupervisorSupervisorManager Access Access Access Access Access Access Snr AccessAccess Utility Utility Utility Utility Utility Utility Learner TechWinder Winder Winder Artisan Artisan

(c) Number of years in the organization 8 31 10 5 9 12 5 9 8 12 16 5 33 27 35 3 7 5 3 1 4 9 10 9 10 4 4 3 4 12 19 1 15 13 13 6 7

(d) Years’ experience in transformer refurbishment 3 6 0 5 0 0 5 9 4 12 2 5 33 25 29 3 7 3 3 1 1 2 4 2 4 4 6 3 1 3 13 1 10 9 11 6 6

Q2 Training and job climate evaluation

(a) Have you ever done clean condition training and/or induction 2 3 2 3 2 2 2 3 3 3 2 3 3 3 2 3 2 2 3 3 3 3 3 3 3 3 2 3 2 2 3 2 2 3 1 2 2 2

(b) TSS Rosherville employees are adequately trained & equipped 3 5 4 5 3 5 4 2 3 3 2 4 4 4 4 4 2 3 1 5 3 2 5 2 1 2 1 4 3 3 5 4 4 3 3 3 2 5

(c) All employees know their roles and responsibilities when it comes 2 4 2 4 3 5 3 2 2 3 2 4 3 4 4 4 2 3 1 5 4 2 5 2 1 2 1 4 2 3 4 3 4 3 4 4 1 1

(d) Are you aware of the importance of taking personal ownership 5 5 5 5 4 5 4 5 5 4 5 3 4 5 4 3 4 4 4 3 5 4 5 4 5 5 1 4 4 3 5 4 3 4 3 1 1

(e) Do you generally think other employees working on transformers 5 4 2 4 3 3 5 4 2 2 1 2 3 2 4 4 2 3 1 2 4 2 1 4 1 2 2 4 2 3 4 4 4 2 4 4 1 4

(f) Management supports the transformer clean condition process. 4 5 5 4 3 4 5 2 1 3 2 1 5 5 4 3 3 3 3 2 3 4 2 4 5 4 5 4 3 3 4 2 4 2 5 3 5 4

(g) Management is committed to making changes related to clean 4 5 5 4 3 4 4 2 3 3 3 1 5 5 4 3 1 3 4 3 4 4 3 4 5 4 4 4 4 4 4 2 4 2 5 4 5 4

Q3 Clean Condition Area

(a) TSS Rosherville Workshop designated clean condition areas 5 4 3 4 3 4 5 2 1 3 1 1 4 2 3 2 2 1 4 3 4 3 1 2 3 4 1 2 3 4 5 2 4 2 4 4 1 4

(b) The present TSS Rosherville workshop layout is conducive for 5 4 4 4 3 3 5 2 3 3 1 1 4 2 3 4 1 2 4 4 5 4 2 2 4 4 3 2 2 3 2 2 4 3 4 3 1 4

(c) The floor layout in all clean condition areas need to be updated. 2 4 3 5 3 5 4 4 4 3 5 5 3 4 3 4 5 4 5 4 5 4 4 4 4 3 2 4 5 5 4 4 4 4 5 4 5 5

(d) The current clean condition access control system must be changed. 1 4 4 4 2 5 3 4 4 3 5 4 2 4 2 4 4 4 5 4 2 2 1 2 3 3 1 5 5 3 4 3 3 3 5 4 3 1

Q4 Processes and procedures

(a) The current clean condition procedures are easy to understand 5 4 4 4 5 5 4 4 3 3 3 4 4 4 3 4 1 2 4 4 5 4 5 4 5 4 4 1 1 4 2 4 4 3 2 2 2 3

(b) Clean condition procedures must have different rules for different 1 4 1 3 5 1 5 5 1 2 2 2 3 2 3 2 1 5 5 2 2 2 1 2 1 2 1 2 2 4 2 4 2 2 5 4 1 3

(c) Employees and management apply the current clean condition 2 5 4 4 3 5 5 2 2 2 2 2 3 4 4 3 2 4 4 2 4 2 1 2 1 2 4 4 1 3 4 4 2 2 4 2 3 4

(d) The control of personnel, materials, and tools into power 2 5 3 4 3 4 5 2 2 2 1 3 3 2 4 4 2 3 4 2 3 3 1 4 2 5 3 4 5 3 2 4 3 4 2 3 3

(e) Cleanliness issues during refurbishment can cause delays in delivery, 5 5 1 1 5 1 5 5 4 2 5 5 4 4 2 2 4 3 3 2 4 4 1 4 2 5 4 1 4 5 4 4 3 4 3 3 3

(f) Transformer Original Equipment Manufacturers conduct foreign 5 5 3 3 4 4 3 4 4 3 5 5 3 4 4 4 3 3 4 2 3 3 3 3 3 3 4 3 3 4 4 3 3 4 4 3 4

(g) Human elements affect foreign material exclusion 5 5 5 4 4 4 5 5 3 4 5 5 4 4 3 2 4 3 5 4 4 4 5 4 3 3 5 4 3 4 4 3 3 2 2 3 3

(h) Different policies and procedures affect the management of foreign 2 5 4 3 5 5 5 4 4 4 4 3 4 4 4 2 4 3 4 4 2 2 1 5 2 3 5 5 3 4 3 3 2 3 3 3


