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Abstract 

 
Maintenance is playing an important role in every industrial development. Few 

decades before, maintenance was an “evil factor” of a company’s budget. It’s 

because, the maintenance equipment and procedures were complicated and 

manually operated. But nowadays maintenance plays main role in all the industries 

in order to maximize profit. Past few years’ growth of maintenance is very high.  

 

In this competitive world electricity became an essential thing in every industry. 

The demand for power generation is getting high every year because of industrial 

growth. To achieve the optimum efficiency of power, maintenance role should be 

very good.  

 

In growing energy field, wind energy contributes to 18.7% of total power 

generation in the world. Also it is one of the major renewable sources. Maintenance 

in wind energy is a really challengeable task. Most of the countries are already 

dealing with growing electricity demand using wind energy.  Wind energy is 

produced in large level as well as small scale. 

 

This thesis investigates issues like maintenance problems, key factors, maintenance 

challenges, maintenance solutions and practical difficulties in wind energy. In this 

case, surveys and interviews have been taken from several companies and 

maintenance experts, to find most prevailing problems and problem-solving 

methods since last few years. It helps to show, how the energy maintenance has 

been developed in past few years. Also it analyses the impact of fourth generation 

maintenance in wind energy production. From research questions, key factors 

involved in wind energy maintenance provides us with valuable suggestions to 

develop the maintenance methods in future vision. 

 

Keywords 

Comparison of maintenance in wind energy, Maintenance, Maintenance challenges, 

Root Cause Analysis and Wind Energy.  
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1 Introduction 

1.1 Background 

In today’s advanced Industrial world, the production has become one of the 

continuous processes to meet the enormous consumer demand. In order to make 

such a production to an effective manner, it is also necessary to consider the 

maintenance with its core value. 

 

Maintenance has been developed in all other fields and sectors such as 

manufacturing/production, medical, automobile etc. Although it has great 

importance in other sectors and fields as mentioned above, the wind power plant 

requires critical maintenance. 

 

Maintenance has different types according to their needs. As Waeyenbergh and 

Pintelon (2002) classifies, 

 

 First generation - Maintenance was an evil factor for organizations.  

 Second generation - Maintenance was a ‘technical matter’.  

 Third generation (Current generation) – Maintenance is considered as a 

‘Profit Contributor’. 

In the future generations, maintenance should be more effective and comfortable 

task to follow or implement. Dunn (2003) described that the fourth generation of 

maintenance will have primary focus on failure elimination. The maintenance 

should be proactive, predictive and reactive rather than failure prevention. 

1.2 Problem formulation 

As per the Summary of Wind Turbine Accident data 2014, 118 accidents in the 

year of 2007, 136 accidents in the year of 2009 and 165 accidents in the year of 

2011 has been recorded. The figures apparently shows that the wind energy 

accidents rate are consistently increasing which indirectly indicates that the wind 

energy maintenance is inadequate. Therefore it is essential to focus on the wind 

energy maintenance for the existing industrial maintenance departments.  

 

The above mentioned failures are including the natural disaster (Weather challenge, 

Lightening etc.) and maintenance failures (Structural and mechanical failure, tower 

erection, fire etc.). There are many technical failures due to poor maintenance 

which lead to major disaster. Here are the two prominent examples, 

 

 In 1998, the power plant from Gujarat (India) had undergone a structural 

failure which destroyed 129 turbines of 315. 

 In 2006, the power plant from Chettikulam Madurai (India) had a fire 

accident due to generator unit explosion. 
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1.3 Aim and research questions 

From the problem formulation, it is observed that the wind energy maintenance 

requires an optimal solution in order to decrease the accident rate. Therefore the 

objective of this thesis is to improve the wind energy maintenance through surveys 

and interviews. The main investigation focuses on problems in wind energy 

maintenance of current and old methods. Through this research study, the 

challenges in current maintenance techniques will be identified which helps to 

provide some suggestions for the future developments in the maintenance. This 

study will investigate the following research questions. 

 

RQ1. What are main maintenance challenges in wind energy production? 

 

RQ2. Comparison of current maintenance and old maintenance in the wind energy 

production: How will maintenance be in the future generations? 

1.4 Project limitations 

This project has been undertaken with certain limitations such as  

 This dissertation is focussed only on Indian wind energy production.  

 The Surveys and interviews were considered only for the past 5 years.     

 The project exclusively discussed more about mechanical maintenance. The 

other field of maintenance such as electrical, Electronics, O&M etc. are not 

addressed in details.  

 The recommendation of future development in maintenance will consume 

time to implement in practice. 

1.5 Outline of the dissertation 

Chapter 1  Introduction explains the background, problem formulation, aim and 

limitation of this thesis. 

Chapter 2  Research methodology explains the importance of research methods, 

types of the research methods, steps involved in research 

methodology and what kind of research methodology follows this 

thesis. 

Chapter 3  Theoretical background gives the techniques of maintenance, 

Generations of maintenance, types of maintenance, wind formation, 

wind energy generation parts and wind energy production.  

Chapter 4  Discussion encompasses the maintenance in wind energy production 

from literature reviews, interviews and surveys.  

Chapter 5    Concludes the objective of this paper. 

Chapter 6  In this chapter from the analysed results, some recommended ideas 

and suggestions are given for the future development in 

maintenance. 
 

Bibliography presents the referenced papers and internet sources which are used to 

write this thesis.  
 

Appendices have the surveys and interview questions used for this dissertation. 
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2 Research Methodology 

The art of searching and investigating over and over again is called research. 

Research needs an investigation to find the proof. In context to my thesis, proofs 

are in the form of data which has been collected through survey, interview or from 

old records. As Bryman and Cramer (2005) the data collection is divided into two 

groups, namely primary and secondary sources. The primary sources consist of 

surveys, observations and interviews. Survey is a set of questions have been asked 

to the professionals in their relevant field of experience and their responses has 

been recorded. Observation is done by inspecting the work place or objects to 

collect the data (doing an internship or thesis in a company in a specific focus). 

Interviews are done by two ways such as direct and phone interviews. The direct 

interviews are taken face to face. Phone interview are done by mobile, telephone or 

skype etc.  

 

Based on my opinion, a direct interview is more effective than a phone interview 

because it is possible to get some visual confirmation (mapping & diagram) of the 

detail from the person. The phone interview is inevitable to collect data from long 

distance respondents though it is not effective as direct interview. In secondary 

sources, the data are collected from earlier research in the same topic or title, 

government research and census. Data are also collected from personal records and 

service records. It is shown in the Figure 1. 

 
Figure 1 - Types of data collection  

 

In this thesis, I am following some of the research methods to study the wind 

energy maintenance. Scientific research methodology is classified into two types 

such as qualitative and quantitative research. The selection of research 

methodology depends on analysing methods and searching strategy. The Figure 2 

illustrates the types of research methodologies. 
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Figure 2 - Types of Research methodologies 

2.1 Quantitative research 

As Bryman and Cramer (2005) described that the quantitative research is defined as 

to recognize the patterns and trends mostly occurring in huge size populations. The 

collection of data in quantitative research based on numbers and mapping involved 

in huge size populations. The quantitative research is shown in Figure 3 according 

to Bryman and Cramer (2005). 

 
 

Figure 3 - Outline of the Quantitative research (Bryman and Cramer, 2005) 
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2.2 Qualitative research 

Georges (2009) says, “The qualitative research is defined as the approach that 

usually associated with the social constructivist paradigm which emphasizes the 

socially constructed nature of reality” (Georges, 2009, p34). It consist of data 

collection, analysis and use of analysis. Also he describes it as “the research 

method focused on the human behaviour, Ideology and belief” (Georges, 2009, 

p35). The outline of the qualitative research approach is explained by Bryman and 

Bell (2003) which is shown in Figure 4. 

 

 
Figure 4 - Outline of the Qualitative research (Bryman and Bell, 2003) 

 

About the selection of methodology, Fisher (2004) states, “it is possible to use any 

of research method to produce either quantitative material or qualitative material, 

and second because you can use qualitative material as part of realist project and 

you can use certainly use number to illuminate interpretative research. In practice 

you can use any of the research methods in any of the approaches”. (Fisher, 2004, 

p.109) 

2.3 Selection of method 

Every research problem has its own approach to solve it. Kumar (2005) says that 

the word research is composed of two syllables, “re” and “search”. The prefix re 

refers to “over and over again” and the suffix -search refers to “seeking 

thoroughly”. “Research is a systematic investigation to find a solution to a 

problem” (Kumar, 2005, p.59). Research process has 8 important steps to follow. 

They are shown in Figure 5. 
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Figure 5 - Steps in research (Kumar, 2005) 

 

In order to choose a method for this study, the following phases are approached.  

2.3.1 Phase I: Deciding what to research 

2.3.1.1 Formulate problem 

Maintenance challenges in wind energy production. 

 

 Understanding of maintenance in wind energy production. 

 Major maintenance problems and solutions for future development in 

maintenance. 

2.3.2 Phase II: Planning a Research Study 

2.3.2.1 Conceptualizing design 

Literature study, surveys and interviews will bring out the broad ideas of wind 

energy production maintenance challenges.  

 

2.3.2.2 Way of data collection 

In this thesis, data has been collected by the following ways. 
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 Literature review  

Ridley quotes, “The ‘Literature Review’ is the part of the thesis where there 

is extensive reference to related search and theory in your field: it is where 

connections are made between the source texts that you draw on and where 

you position yourself and your research among these sources” (Ridley, 

2012, p109). It is an opportunity to engage yourself with the understanding 

of researcher’s statements in your area of research. In this case, I found 

several articles in the internet, previous student dissertation and related 

books from university. 

 

 Government research  

Data are collected from the Indian and Swedish energy agency research 

records and other countries’ surveys, census and reports.  

 

 Surveys  

Several articles were found on the topic of maintenance and wind energy 

production over the internet. After getting some idea about the topic, a 

particular list of preliminary questions were made for the survey.  

 

This questionnaire are formulated to achieve the following objectives: 

 

 Understanding the difference between industrial maintenance and wind 

energy production maintenance. 

 Understanding the level of knowledge in wind energy production 

maintenance. 

 To find the major challenges in wind energy production. 

 To find the Practical difficulties in maintenance. 

 Decision made to get into more green energy production in future. 

 

The surveys questionnaire were sent to the wind firm maintenance experts 

in Sweden but there were not many responses. Therefore the surveys 

questionnaire were sent to the Indian wind firm experts in order to collect 

the data which in intended for surveys. Surveys questionnaire were 

formulated in an easy manner to understand the participants hence it will 

consume their time of respond. Communications with participants were 

carried out through mail, skype and phone.  

 

 Direct Interviews 

The idea in this approach is to meet the experts directly and raise questions 

about wind energy production maintenance and collect their views and 

opinions to analyze the maintenance problem. It will be more interactive 

and expressive when we have some doubt or clarifications. A direct 

interview has been conducted with a Swedish wind mill expert and clarified 

some practical issues and difficulties in wind energy production 

maintenance to perform the analysis. 
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 Phone Interview 

This is similar to direct interview but it will be carried out through phones. 

It is suitable for long distance respondents. I have prepared a questionnaire 

or prepared survey before call. After the survey analysis, the respondents 

are contacted again through phone for further discussions. The objective of 

the dissertation is explained to the respondents so that they can understand 

the purpose of survey and could contribute a better response. In our case, 

the respondent had an opportunity to throw light on their thoughts. Some 

phone interviews are taken with industrial maintenance experts to 

understand the issues between lean production maintenance and wind 

energy production maintenance. 

 

2.3.2.3 Focus on specific area 

In our case, the major problems occur in the turbine unit and tower so these specific 

areas are focused.  

 

2.3.2.4 Write a research proposal 

Study of maintenance in wind energy production challenges and comparison of old 

and current maintenance techniques. 

2.3.3 Phase III: Conducting a research study 

2.3.3.1 Collecting data 
Data are the proof of an investigation. Data are collected based on the approach that 

has been mentioned under the ways of data collection in phase II. 

 

2.3.3.2 Processing and displaying data 

In this thesis, the collected data helps to find the issues and challenges in wind 

energy production maintenance through analysis. The results are tabulated and 

shown in the graphical representation for better understanding.  

 

2.3.3.3 Writing a research report 

The collected data are documented as per the standard of scientific documentation. 

The intention of the documentation is to help the related study in the future for 

further proceedings.  
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2.4 Proposed research concept 

Interview questions were asked to 8 industrial maintenance professionals and 7 

wind energy production maintenance professionals who are working in different 

companies and in different management levels such as low, medium and high level 

management. This qualitative research has been done by literature study, surveys 

and interviews (communication via direct and phone). Research concept of this 

thesis is shown in Figure 6.  

 

 
 

Figure 6 - Research design of the thesis 
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3 Theoretical Background 

3.1 Maintenance 

3.1.1 Definition 

As per the Swedish standard SS-EN 13306, the maintenance is defined as 

“Combination of all technical administrative and managerial actions during the 

life cycle of an item intended to retain it in, or restore it to a state in which it can 

perform the required function”. 

 

Simeu-Abazi and Sassine quotes, “The main purpose of the maintenance 

engineering is to reduce the adverse effects of breakdown and to increase the 

availability at a lower cost, in order to increase performance and improve the 

dependability level” (Simeu-Abazi and Sassine, 2001, p267). Figure 7 shows the 

activity of the maintenance. 

 

Figure 7 – Schematic diagram of Wind energy maintenance 

3.1.2 Generations of maintenance  

In olden days, the methods of maintenance were much poorer than today. On the 

other hand, the maintenance has been growing rapidly. This phenomenal growth 

has attained through several generations of development. The generations are 

basically first, second and third which is illustrated as per Moubray (1997) 

suggestions are in Figure 8. 
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In First generation, the maintenance practices were very fundamental. Maintenance 

were handled only when breakdown or failure occurs. It was considered as an evil 

factor due to the huge cost & time consumption. On those days, lacking of 

maintenance awareness and knowledge.  

 

In second generation, the maintenance consists of scheduled overhauls and planned 

& controlled maintenance. It has lower cost and longer life cycle of equipment. 

Maintenance has always been in consent with the Bath-tub curve. It was considered 

as a ‘technical matter’ which makes this generation to be better than the first 

generation. 

 

Comparing to previous two generations, the third generation (Current generation) 

contributed a vital part in profit making through its methods and techniques. As 

Dunn (2003) explained that it has greater safety, longer equipment life, 

environmental friendly, greater cost effectiveness, higher equipment availability 

and reliability. Third generation maintenance techniques consists of condition 

monitoring, hazard studies, team work and empowerment, Failure Modes Effective 

Analysis (FMEA), expert system, small, fast computers. 

 

 

 
 

Figure 8 - Generation of maintenance (Moubray, 1997) 

 

According to Dunn (2003), the fourth generation of maintenance is designed for the 

future development. It has its main objective as elimination of failures rather than 

predictive or preventive maintenance. It is also called zero accidents. Information 

technology will play an important role in fourth generation maintenance.  
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3.1.3 Key factors of the Maintenance Generations  

3.1.3.1 Training and skills 

As Dunn (2003) described, skills and trainings were played a major role in 

evolution of maintenance in all the three generations. Technicians have been doing 

maintenance in all generations. Technicians get training from their senior 

authorities. Most of the trainings were done by “watch and learn” approach. The 

maintenance skills and trainings were insufficient for the growth of maintenance 

with in the respective time which lead to expansion in mechanization and machine 

automation.  

 

3.1.3.2 Safety and Reliability Engineering 

Safety is an important key factor during second generation of maintenance. Periodic 

maintenance helped to improve the safety but it was an obstacle for profit making. 

Sherwin (2000) states, the Germans started the concept of reliability engineering in 

third generation. The reliability practitioners were none other than the statistical 

engineers. 

 

3.1.3.3 Environmental protection 

During the second and third generation of maintenance, environmental protection is 

considered as an important key factor of maintenance. Sherwin (2000) gives three 

standards for environmental protection, which are hazardous emissions, reduced 

consumption and eco-friendly design. 

 

3.1.3.4 Schedule and plan 

Every process needs a schedule and plan to achieve the goal perfectly on time. 

Maintenance should be scheduled to be done in a proper time interval in order to 

achieve the outcome of optimum performance. The frequency of performing 

preventive maintenance activities are planned as per their requirements. 

 

3.1.3.5 Operational Research 

Sherwin defines the operations research as “The application of scientific method to 

operational problem” (Sherwin, 2000, p139). During the Second World War, the 

operational research were introduced. Sherwin (2000) describes it, as a higher level 

of preventive maintenance which is carried out by statisticians and operational 

researchers. He also notates that the statisticians and operational researcher did not 

focus much on problem analysis. It was not easily accessible by technicians 

because it was fully involved with mathematical terms which were not easily 

understandable by them. It played a major role during the end of first generation 

and the beginning of the second generation. 

 

3.1.3.6 Maintenance manual 

It includes the image representation of assembling and dismantling of parts and 

equipment. It also contains the charts of old maintenance records. These manuals 

were saving time of the skilled professionals. It helps to keep track of the 

maintenance process and progress in the equipment. It was an important factor 

during the second generation of maintenance. 
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3.1.3.7 Costs and benefits 

During the third generation of maintenance, the life cycle of cost maintenance were 

considered as an optimum element for the benefit of organizations. This led to a 

slow process but still it plays a noteworthy factor. Though the cost factor is a big 

concern for the top level management, the maintenance were performed. The 

equipment must be in proper condition to execute its tasks. Investing in 

maintenance avoids the breakdown costs. 

3.1.4 Maintenance approaches 

Maintenance has mainly divided into two groups such as preventive and corrective 

maintenance. Preventative maintenance states that it can be conditional and time 

concerned. Corrective maintenance states it can only based on breakdowns. 

Corrective maintenance is a reactive form while preventive maintenance is a 

proactive form of maintenance. Types of maintenance and relations stated in Figure 

9. 

 
Figure 9 – The maintenance approaches (ISO/SS13306) 

 

3.1.4.1 Preventive maintenance 

Preventive maintenance  is defined as, “Maintenance carried out at predetermined 

intervals or according to prescribed criteria and intended to reduce the probability 

of failure or the degradation of the functioning of an item”(SS-EN 13306, 2001, 

p.36). To extend the life period and failure detection of machines, the planned 

actions were taken. Based on the condition, the replace and repair has to be done in 

maintenance. 

 

 Condition based Maintenance 

Tsang (2002) states that this type of preventive maintenance is carried out based 

on the condition of the equipment in order to prevent a failure which is probably 

going to take place. The condition of equipment is monitored with the help of 

sensors. The following are the three condition based maintenance techniques 

which eliminates a large variety of failures explained by AG Starr (2000).  
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 Vibration Analysis 

Starr (2000) states that the method of analysis is used to find the vibrations, 

occurring in the machine or equipment. This will help to find the condition 

of the machine or equipment for analysis. Vibration analysis calculates 

wear, machine alignments and balance. 

 

 Thermal Analysis 

Starr (2000) states that the method of analysis used to measure the 

temperature variations in the machine while in the process. In this process 

of analysis, the temperature impacts due to the mating parts and weather 

condition are measured and treated accordingly. 

 

 Lubricant Analysis 

The method of analysis is used to analyze the process that is involved with 

lubricants. Starr (2000) states that there are two main areas in this kind of 

analysis. First is checking the condition of lubricant and the second is 

amount of debris in used lubricant. 
 

 Predetermined Maintenance 

Marquez (2007) states that the predetermined maintenance is carried out in 

accordance with standard intervals of time or outcome attained from total of 

number of units (Scheduled maintenance) but regardless of its condition. 

 

3.1.4.2 Corrective Maintenance 

Corrective maintenance is defined as, “Maintenance carried out after fault 

recognition and intended to put an item into state in which it can perform a 

required function” (SS-EN13306, 2001, P.15). This maintenance is not carried out 

until it gets breakdown or failure. Since we cannot forecast the correct time of 

failure, it remains as an unplanned maintenance. It will be suitable where the 

prediction of failures are expected to be difficult. 

3.1.5 Root cause analysis (RCA) 

Moubray (1997) listed an impressive list of techniques to achieve maintenance 

which demands during the process. This techniques are suitable for all kind of 

maintenance such as production, wind energy, commercial etc. RCA occupies an 

important place in this techniques. It has explained in the following paragraphs.  

 

Anderson and Fagerhaug states, “Root Cause Analysis is a structured investigation 

that aims to identify the true cause of problem and the actions necessary to 

eliminate it” (Anderson and Fagerhaug 2006, p71). The RCA is done by a strategic 

sequence with its subsequent tools. These tools are framed as per their purposes. 

The RCA strategic sequence and its tools are as follows. 
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3.1.5.1 Problem understanding 

This is the first step of the RCA strategic sequence before getting into the 

brainstorming and analysis. It also helps to identify the methods or tools which 

makes us to understand the bottom line of a problem.  The tools are, 

 

 Flow chart 

It is a map which illustrates the process flow. It denotes where the problem rises 

and where should we concentrate to understand the problem. It has three types:  
 

1. Regular flow chart which has only the process flow.  

2. Cross- functional flow chart which has the processes and responsible 

person for the process.  

3. Third type of flowcharts which has several levels with additional 

information. The Figure 10 shows the flow chart according to Moubray 

(1997). 

 

 
Figure 10- Flow Chart (left) and Critical Incident Card (right). Moubray (1997). 

 

 Critical incident 

In this incident, the aim is to collect all the responsible people from all the 

processes and inquiring about their last few days of personal and equipment’s 

performance. From the inquiry, problem is investigated and a graphical 

representation is made according to the criticality of each incident. The Figure 

10 shows an example of critical incident card.  

 

 Spider chart 

Critical incident is suitable for internal criticality but Spider charts are helpful to 

seek an external comparison. The procedure for spider chart is to write all the 

processes around a center point. Draw a line and connect all the process with 

the center. Ask everyone to draw their steps to overcome the problem. Connect 

all the points with different colors. It will help to understand the problem. 
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 Performance matrix 

It helps us to distinguish the part which is necessary to concentrate and which is 

to ignore. This performance matrix consists of 4 quadrants. The four quadrants 

of matrices are Unimportant (low importance, low performance), Overkill (Low 

important, High performance), Must be improved (High importance, low 

performance), OK (high importance, high performance). 

 

3.1.5.2 Problem cause brainstorming 

Generic tools are helps to analyze the problem in different stages. Brainstorming 

leads to collect the people’s idea for the problem causes. Moubray (1997) listed the 

below generic tools for problem cause brainstorming.  

 Brainstorming 

To find a problem’s root cause we need an analytical skill. The brain storming 

consists of two types such as Structured and unstructured brainstorming. The 

structured brainstorming is non-spontaneous discussion which is developed 

from the ideas of one on another. It is also called as round-robin brainstorming. 

The unstructured brain storming is spontaneous discussion for everyone to 

convey their ideas. It is also called freewheeling brainstorming. The domination 

can spoil the best outcome to this type brainstorming. 

 

 Brain writing 

It is similar to brainstorming. Members can explain and describe the related 

work in their ideas. After understanding the problem each participant gets to 

write their ideas on a brain writing card and sent to the meeting circle. Each 

member writes their idea to develop the other’s idea. It avoids the dominating 

activity.  

 

 Is-Is not matrix 

As Anderson and Fagerhaug (2006) says, from brainstorming we get many 

ideas. This matrix is helps to find whether the idea is coherent with the problem 

or not. When we have many options, it is complex to find the correct idea. We 

can sort out the idea based on whether it “Is” or “Is not” related to the problem. 

The table 1 shows the matrices table to sort out the distinctions.  

 

Table 1 - Is- Is not matrix table (Anderson and Fagerhaug 2006) 

Problem Is Is not Distinctions 

What occurs, what 

objects are affected? 

   

Where does the 

problem occur? 

   

When does the problem 

occur? 

   

Extend of problem    

Who is involved?    
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 Nominal group technique 

This tool helps to overcome the domination activity during the brainstorm. Each 

person’s idea is written into an idea card. The collected idea cards are displayed 

in flip chart. Each idea is evaluated by everyone and given their priority vote. 

From the evaluation, the highest ranking idea is chosen for the problem solving 

methods. 

 

3.1.5.3 Problem cause data collection 

At this stage, the data that are responsible to cause the problem are collected. The 

data collection are done in the following tools 

 

 Sampling 

Sampling is defined as the small part of sample to analyze the cause of the 

problem. It is very helpful in the massive data analysis. Anderson and 

Fagerhaug (2006) says, sampling is done by calculating important things such 

as averages, mean and so on. The sample can be tested to probe the problem 

cause. Data collection consumes a huge effort, cost and time. Sampling is a 

simplest way to do the data collection. 

 

 Surveys 

In data collection, when we need more involved person’s opinions and reviews, 

we can take surveys. Understand the objective and make a collective of 

information in a letter or document then contact the concerns to obtain their 

opinions about the problem. The survey contents should be very clear and easily 

understandable. Surveys can be conducted by email, mail, fax and verbal 

(telephone).   

 

 Check sheets 

These are the sheets which helps to keep the records of the data. Since the data 

collection is an unstructured and disorder exercise, the check sheets are 

developed. The check sheets are revised on regular interval and corrections or 

amendments are made accordingly.  

 

3.1.5.4 Problem cause data analysis 

The problem caused collected data are analyzed in this stage. Focusing on different 

kind of problem, the analyzing method or tools are also varies. Anderson and 

Fagerhaug (2006) tools are discussed in the following paragraphs.  

 

 Histogram 

It is used to display the distribution and variation of a data set. It is also called 

bar chart. This chart is indicating the distribution differences of the problems, 

causes and consequences. To display the graphical representation of the 

problem amplitude, the data are marked in the histogram chart. When a peak 

crosses the average limit, it has to be analyzed. Figure 11 (left) shows the 

histogram. 
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 Pareto chart 

Pareto principle states that the most effects are often occurs 80 % due to the 

result of minor causes and the other effects are remaining 20% due to the result 

of significant causes. This distribution is known as skewed distribution. 

Apparently, the 20% significant causes should be focused from the Pareto chart. 

 

 Scatter chart 

These charts are representing the differences in the variation distributions of the 

plotted data. There are two types of lines under scatter chart such as smooth line 

and straight line. The straight line is the line which connects the points by its 

average. The smooth line is the line which connects the points by its raw 

position. The Figure 11 (right) shows the scatter chart. 

 

 
Figure 11 - Histogram and Scatter Chart  (Anderson and Fagerhaug 2006) 

 

3.1.5.5 Root cause identification 

This is the heart of the root cause analysis technique. From the data analysis results, 

root cause of the problems are identified by using the following tools.  

 

 Cause and effect chart 

It is a classical process control trouble shooting tool. “It has two functions; first 

it can be used to analyze a performance of a problem and second, once analysis 

is completed, it can be used to document how various performance problems 

arise” (Ordyz, Uduehi and Johnson, 2007, p96). This is also called fishbone 

chart. 

 

 Five whys 

It is an easy way to find the root cause. In this technique, we repeatedly ask 

‘why’s’ until the cause of the root is identified. In most cases, the root cause can 

be found with the maximum of 5 why’s. It is a recommended technique for the 

simple problems. It does not need any special skills. It is a beneficial tool for 

implementation.  

 

 Fault tree analysis 

It is a graphical model of the various parallel and sequential combinations of 

faults that will result in the occurrence of the predefined undesired event. It is 

not only a quantitative model. It is also a qualitative model. We can analyze a 

same model by giving different inputs to gets the better result. 
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3.1.5.6 Root cause elimination (RCA) 

This is the place to overcome the causes of problem which is identified in the 

previous stages. From our research, we have to apply all possible solutions to 

eliminate the problem caused. This elimination is followed by a tool which is 

described in the following paragraph.  

 

 Six thinking hats 

Six thinking hats is consists of six different color hats where each color 

represents an element of analysis. Biech, (2007) states that the six thinking hats 

are defined to provide the skills for evaluation of ideas, proposals or solutions.  

The detected problem is supposed to eliminate by collecting the opinions for the 

six relevant thinking of the issues. One of the highest priority of the six thinking 

were considered as a critical cause of the problem and it is eliminated from the 

root. 

  

3.1.5.7 Solution implementation  

It is the final step of the root cause analysis. The solutions are proposed and 

implemented for the identified problem after confirming all the technical analysis 

and verifications. To implement the solutions the following methods/tools are 

framed. 

 

 Tree diagram 

Charantimath, (2006) describes that the Systematic tree diagram is a technique 

for mapping tasks and actions needed to be done to achieve a primary 

objectives and sub-goals. It is the finest way to finish the project. Draw a tree 

diagram with their branches (sub-goals) and fill the sub goals completely to find 

the solution. Also we can denote the importance of each branch according to the 

cost, time, and safety.  

 

 Force field analysis 

Holland says, “Force field analysis is an often illustrative method to present an 

overview of key stake holders’ support opposition to particular reform”. This 

makes more quality implementation. (Holland, 2007, p.54) 

3.1.6 Total Productive Maintenance (TPM) 

Charantimath states, “The objective of TPM is the maximization of equipment 

effectiveness” (Charantimath, 2006, p21). It is a method of maintenance which 

mainly focusing on effectiveness and regular maintenance activities in order to 

limit the failures.  As Ahuja and Khamba (2008) states that the TPM is coined from 

the Japan philosophies.  It consists of eight pillars which are shown in Figure 12. 

Nippon Denson Corporation was the first company to implement the TPM in their 

production department. Consequently they were rewarded PM excellence award for 

the implementation of TPM.  TPM involves all the people from top level managers 

to maintenance technicians.  
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Figure 12 - TPM pillars (Ahuja and Khamba, 2008) 

 

The pillars of TPM are explained in following paragraphs. 

 

The first pillar of TPM is known as autonomous maintenance. It is also called Jishu 

Hozen in Japanese. Charantimath (2011) describes, “Every operator should know 

about their machines’ technical errors and corrections. So, they can take care of 

small maintenance tasks, thus the freeing up the skilled maintenance workers time 

and value added activities and technical repairs” (Charantimath, 2011, p17).  It 

will help to develop operator’s maintenance knowledge which will solve the minor 

issues in machineries without the need of skilled maintenance workers.  

 

Focused maintenance is the second pillar of TPM which concentrates in zero loss 

with respect to the minor stops, unavoidable downtime, measured defects and 

adjustment defects. It is also called Kobetsu Kaizen. Tools used in this pillar are 

why-why analysis, summary of losses, Kaizen register and Kaizen summary sheet. 

As Charantimath (2011) describes in his paper, that the activities of focused 

maintenance are trying to get rid of 16 major losses in an organization. The major 

losses are, 

 

1. Failure losses (breakdown) 

2. Set-up and adjustment losses 

3. Cutting blade change losses, stoppage losses 

4. Startup losses 

5. Minor stoppage and idling losses 

6. Speed losses 

7. Defect and rework losses 

8. Shut down (SD) loss 

9. Management losses 

10. Motion losses 

11. Line organization losses 

12. Distribution losses 

13. Measurement and  adjustment losses 
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14. Energy losses 

15. Die, Jig and tool losses 

16. Yield losses 

 

Planned maintenance is the third TPM pillar which is about maintaining the 

equipment according to the maintenance department’s planned instructions such as 

proper lubrication, visual inspection of equipment parts and 5s follows in Table 2. 

 

Japanese English 

Seiri Sorting 

Seiso Set in order 

Seiton Shine or keep clean 

Seiketsu Standardize 

Shitsuke Sustain 

 

Table 2 - 5s method 

 

The fourth pillar of TPM is Quality maintenance which reduces the repeatability of 

maintenance. It leads to increase in efficiency of machines and reduces the time 

consumed on maintenance. Developed maintenance denotes that every time there 

should be an improvement in maintenance activity with respect to the previous 

time. It does not mean that we must create new method or tool. It is all about the 

proposal and development of ideas from floor shop workers, maintenance craft 

men, other department personnel and old records.  

 

Education and training is the fifth TPM pillar which ensures that the equipment 

operator gets training and basic maintenance method studies from a high skilled 

maintenance personnel. It is also carried out with some group of maintenance 

practical training and workshops. It creates great employee involvement due to the 

group activities.  Well performed operator ought to be motivated by salary and 

position promotions and incentives.  

 

Safety health & environment is the sixth pillar of TPM which represents zero 

accidents, zero pollution, and zero contamination in the work area. 

 

The seventh pillar of TPM is Office TPM which is a team activity to achieve the 

objective of TPM. It has a sub-committee with the leader of head in finance or 

purchase. It involves all members to work together in a team. Supporting factors for 

TPM are equipment, operator, quality which are shown in Figure 13.  
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Charantimath (2011) describes that the benefits of Office TPM are 

 

 Involvement of all member by small group activities. 

 Better utilized work. 

 Reduced repetitive work, inventory carrying cost, administrative cost and 

overhead costs. 

 Reduction in breakdown, customer complaints, expenses due to emergency 

purchases. 

 Reduced manpower. 

 Clean and pleasant environment. 

 

 
 

Figure 13 - Supporting factors for TPM  

3.1.7 Reliability Centered maintenance (RCM) 

Moubray (1997) describes reliability centered maintenance as “a process used to 

determine what must be done to ensure that any physical asset continuous to do 

what its user wants it to do in its present operating context” (Moubray, 1997, 

p.445). 

 

Marvin said that reliability centered maintenance were developed from the aircraft 

industry and then later on, it is employed into other industries. The main objective 

of reliability centered maintenance is “to reduce maintenance cost by focusing on 

the most important functions of the system and removing or avoiding maintenance 

actions that are strictly necessary” (Marvin, 1998, p.63). 

 

Marvin describes the reliability maintenance as “A systematic consideration of 

function, the way functions can fail, and a priority-based consideration of safety 

and economics that identifies applicable and effective maintenance tasks”. 

(Marvin, 1998, p.66) 
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Salonen (2011) stated that the Reliability Centered Maintenance is implemented on 

the basis of 7 questions, which are as follows  

 

1. What are the functions and associated performance standards of the assets in its 

present operating context? 

2. In what way does it fail to fulfill its functions? 

3. What causes each functional failure? 

4. What happens when each failure occurs? 

5. In what way does each failure matter? 

6. What can be done to predict or prevent each failure? 

7. What should be done if a suitable proactive task cannot be found? 

3.1.8 Maintenance Management Model 

As Sherwin (2000) states it consists of three models which are explained in the 

following paragraphs.  

 

3.1.8.1 Terotechnology model 

The definition of terotechnology is described by Waeyenbergh and Pintelon as, “A 

combination of management, financial, engineering and other practices applied to 

physical assets in pursuit of economic life cycle costs. It practice concerned with 

the specification and design for reliability and maintainability of plant, machinery, 

equipment, building and structures, with their installation, commissioning, 

maintenance, replacement, modification, and with the feedback of information on 

design, performance and costs” (Waeyenbergh and Pintelon, 2002, p.21). 

 

3.1.8.2 Basic Terotechnology model 

Salonen (2009) describes that the basic terotechnology depicts the linking 

importance between the informational feedback to designers and the cost of 

maintenance. All feedbacks are sent to the designers to help with the optimization 

in design. The basic terotechnology model is purely based on life cycle cost. 

Waeyenbergh and Pintelon (2002) says that during the second generation of 

maintenance (1970), the basic terotechnology model was originated by UK ministry 

of technology. 

 

3.1.8.3 Advanced Terotechnology model 

The main difference between the advanced and basic terotechnology is that focus of 

life cycle profits while the basic is focused on life cycle cost. It includes spending 

for the quality improvement. The part of profit contribution should provide the 

exact, clear and complete planning and calculations. The impact of maintenance on 

delivery and quality is influencing the price, profit, market and renewed 

machineries which are coexists. The model of terotechnology is shown in Figure 

14. 
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Figure 14 - Terotechnology model (Sherwin, 2000) 

 

3.1.8.4 EUT model 

W.M.J. Geraerds (1992) made EUT (Eindhoven University of Technology) model 

which forwarded the existing terotechnology models to an advanced level. It brings 

out the importance in inner part of maintenance. This model depicts the links and 

sub-functions in maintenance. Geraerds (1992) stated in his paper that the 

organization must hold a maintenance department which employs the contractors 

and Original Equipment Manufacturer. As Geraerds (1992) mentioned in his paper, 

the sub-function and its descriptions are tabulated and is shown. 

 

 

Sub-function 

 

 

Description 

 

1. Technical systems-

maintenance. 

 

 

The diversity of objects are to be maintained. 

(Eg. Lathe, telephones) 

2. The internal capacity Decision about contracting out and 

organizational resources. 

3. The external capacity- 

contractors  

Technology, equipment and special skills. 

4. The external capacity- 

OEM 

Dependency on OEM, life cycle cost and their 

services. 

5. Planning & control- 

maintenance  

Plan-prepare-execute (control) universal 

maintenance analysis. 

6. Inventory control-

spare parts  

Static inventory control, spare parts and cost. 

7. Rotables - maintenance 

planning & control 

Rotables is described as, “components usually 

assemblies, which can be taken out of a TS, and 
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can be built in again after restoring them to the 

operable state” (Geraerds, 1992, p.169). 

 

8. Results evaluation Evaluation leads to changes and improvements. 

9. Terotechnical feedback  To understand and develop the next new TS. 

10. TS - design 

methodology 

Checklist and analysis. 

11. TS – specification Defined specification of design and manufacture 

determined. 

12. TS – design Involve technical disciplines. 

13. TS – manufacture Influence of maintenance. 

14. Design of the 

maintenance concept 

for a TS 

Determined maintenance demand for each 

technical system. 

 

 

 

Table 3 - EUT model sub-functions 
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3.2 Wind energy 

3.2.1 What is wind?  

Chiras says, “Wind is air in horizontal motion in earth’s surface. It creates by 

pressure differences in two regions” (Chiras, 2010, p21). 

 

Wind energy handbook says, “The heating is most intense on land masses closer to 

the equator, and obviously the greatest heating occurs in the daytime, which means 

that the region of greatest heating moves around the earth’s surface as it spins on 

its axis” (Burton et al., 2011, p136). The wind is classified into two types. They are  

 

3.2.1.1 Onshore and Offshore wind 

Normally the offshore and onshore winds are blowing regularly every day. Due to 

the sunlight, the water in earth gets warmed and expanded. When the pressure 

increases the heat goes up. This is known as thermal or updraft. When the pressure 

increases over land, it fills the void in the land and is called breeze or onshore wind. 

At night, the wind blows in the opposite direction from Land to water because of 

the temperature variation. This is called offshore wind. Figure 15 shows the 

formation of both the winds. 

 
Figure 15 - Onshore (left)and Offshore (right) wind 

 

3.2.1.2 Mountain valley breezes 

Due to the sunlight, mountain valley walls gets warmed and the expanded air 

travels to uphill along the mountain. This is called up-valley winds. During night 

time, it blows in the opposite direction due to temperature variation, which means 

wind flows from mountain to valley. It is called as down-valley wind.  

 

Chiras (2010) says that the humans have utilized the wind energy for several 

centuries. Earlier, it was used to grind grains and pump water by using windmills. 

Later, with the help of generators and turbines, the electricity was directly 

produced. European countries have been using wind energy for about 900 years. 
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Wind energy is the substantial ingredient of economic growth. By using the wind 

energy, the usage of fossil fuels will be reduced in the energy generation.  

 

Classified system for wind turbines are tabulated according to Spera (1994). In 

table “m” refers meter, ‘W’ refers watts, ‘kW’ refers kilowatts, and ‘MW’ refers 

megawatts. 

 

Scale Power rating Rotor diameter 

Micro 50W- 2kW <3m 

Small 2kW-40kW 3-12 m 

Medium 40kW-999kW 12-45 m 

Large >1MW >46m  

Table 4 - Classified system for wind turbines (Spera, 1994) 

3.2.2 Main parts 

The wind energy generation takes a vital part in world’s electrical energy 

production. It is simple in construction when compared to the other energy 

production methods. Main parts of wind energy generations are listed below. 

 

 Tower  

 Turbine  

 Hub  

 Nacelle 

 Rotor blade (or) wind blade 

 

3.2.2.1 Tower 

Chiras, (2010) says that the tower is an important part of windmill. It holds the 

wind turbine assembly on it. In a large size windmill installation, the tower takes 

about 1/4th price of total investment. In small size installations, the tower occupies 

about 3/5th of turbine investment. This is one of the most important section for the 

technical study of wind energy workshops which is intended for students. There are 

three different varieties of towers in small size windmills which are explained 

below.  

 

 Free-standing towers 

These towers are well reinforced concrete foundations with self-supporting 

towers. These are made up off tubular bars or angle iron with the connection of 

horizontal or diagonal cross bracing bolts. Each section is 20 feet height. These 

are called as lattice towers. Example for lattice tower is Paris Eiffel tower.  
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Figure 16 - Types of windmill towers  

 

If the access of crane is available, the installation of tower and turbine can be 

done on ground itself. Using a crane lift, tower erections are adjusted. The types 

of towers shown in Figure 16 as illustrated by Chiras (2010). 

 

 Easy to install and simple in construction. 

 Requirements of less space. 

 Frequent maintenance is required. 

 Initial investment is high because of reinforcement material.   

 

 Fixed guyed towers 

It has similar construction of free standing towers. After installation of the 

towers, the guy-cable is connected from tower to ground. First end of cable is 

connected at 50 to 80% of height of tower and the other end is fixed on the 

ground at 120° from the tower. The guy-cable is made up of high strength 

stranded steel cable or aircraft cable.  

 

 Easier to install. 

 Uses less concrete for the base. 

 Requirement of more space. 

 Need of regular maintenance. 

 Guy-cables may be a hazard to birds. 

 

 Tilt-up towers 

Chiras (2010) says that the tilt-up towers has no similar construction with free 

standing or fixed guyed tower. It needs four guy-cables at each level. Each 

cable is located at 90° apart from each other. Fourth cable is used to raise and 

lower the tower. This can be done without any need of complicated manual 

labour. If any turbine or wind blade needs maintenance, then the fourth cable is 

used to lower the tower to fix the problem. The fourth cable can be operated 

with the help of a tractor or truck.  

 

 Easier to install. 

 Easy maintenance. 

 It requires much more place to install. 
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 Heavy wind can make vehicle slip or accidents while raising or lowering the 

tower. 

 Guy-cables may be a hazard to birds. 

 

3.2.2.2 Turbine 

The turbine has blades at one end and electromagnet on the other end. The 

electromagnet is a part of generator which produces electricity from the rotary 

motion of wind blades. It is the heart of a wind mill. It plays the major role in wind 

energy generation.  It connects the hub and the generator. From blade’s rotary 

motion, the kinetic energy is converted into mechanical energy. In the generator, 

the mechanical energy is converted to Alternative Current (AC). According to the 

axis, the turbines are divided into two groups such as vertical axis turbines and 

horizontal axis turbine.  

 

 Vertical axis turbines 

These are turbines which are perpendicular to the ground. Tong quotes, “A 

significant advantage of the vertical axis turbine is that the turbine can accept 

the wind from any direction and thus no yaw control is needed. Since the wind 

generator, gear box and other main turbine components can be set up on the 

ground” (Tong, 2010, p49). This type of turbine simplifies the tower 

construction and design. This type of turbines need a starter which means the 

external source is needed to rotate the rotor blades initially.  Also the height of 

the tower is limited because the turbine is connected on one end of the 

generator. This type of turbine is not in general usage but this is suitable for low 

power production at homes and small scale industries. It has shown in Figure 

17. 

 

 Horizontal axis turbines 

Most commercial wind turbines are horizontal axis wind turbines. This type of 

turbine rotates parallel to wind flow. Tong (2010) describes in his paper that the 

advantages of horizontal axis turbines are low cost per unit power output, high 

power density, high turbine efficiency and low cut-in speeds. These are suitable 

for high power generation. Figure 18 shows the horizontal axis turbine. 

 

 
 

Figure 17 - VAWT (Progressive Charlestown, 2011)   
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Figure 18 - HAWT (Progressive Charlestown, 2011)   

 

3.2.2.3 Hub  

It is the fixture through which the wind blades are connected to the rotor shaft. It is 

usually made up of nodular cast iron. The structure of hub is a complex design. The 

material of the hub is well known for its fatigue strength. The hub is manufactured 

by moulding. Basically, the hub is classified into three types. They are listed below, 

 

 Hingeless hub. 

 Teetering rotor. 

 Articulated hub. 

 

Mostly hingeless hubs are used in turbines. The hub should be constructed in such a 

way that it is possible to tighten the tip angle of the blade and tighten up the bolt 

connections of the blade. It transmits the rotary power from rotor blade to main 

shaft. 

 

3.2.2.4 Nacelle 

Nacelle is the top cover housing for the turbine unit and electrical system unit in a 

wind mill. It protects the power generation unit from the weather aspects. Main 

shaft (low speed shaft) transmits the rotational motion from rotor hub to gear box or 

directly to the generator. The main shaft is also subjected to the torsional vibrations 

in the drive train. Anemometer is fixed in the back end of the turbine to find the 

wind speed. Pitch is an angle between chores of the blade profile to rotor plane. 

Gear box connects the low speed shaft and high speed shaft. Spur gears or helical 

gears are used to connect the low and high speed gears. Gears are made up of steel 

by forging and well hardened. This set up is mounted on the wind mill tower. Wind 

vane shows wind directions. Yaw drive is an important factor for horizontal axis 

wind turbines. The turbine constantly produces the maximal electrical energy. Yaw 

drive is used to direct the rotor according to the wind flow. Yaw drive is fixed at the 

bottom of nacelle which helps to rotate the nacelle setup according to the wind flow 

direction. Connecting part of yaw drive and nacelle is called yaw ring. Figure 19 

shows the turbine parts. 
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Figure 19 - Turbine parts (AE wind turbines, 2008) 

 

3.2.2.5 Wind Blades 

Chiras (2010) says that the material and design of wind blade decides the efficiency 

of the power generation. The cross section of the blade is asymmetrical in shape 

with flattest side facing wind. Once the aerodynamic outer contour is given, the 

blade designed to be sufficiently strong and stiff. Usually the blade section will be 

hollow sections. Upper shell is suction side and lower shell is pressure side. These 

two shells are glued together. Blade twist is designed for change in wind direction. 

This twist helps to move the blade continuously without any fail when the wind 

flow direction changes. Figure 20 shows the rotor blade structure. 

 

Design of blade has many parameters. The design is important to get an effective 

energy productions and also reduce vibrations. Main parameters are pitch angle (it 

is an angle between the chord of blade profile and the rotor plane), rotor diameter 

(distance between the blade tip to hub centre) and material selection. 
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Figure 20 - Rotor Blade (Turbines info, 2011) 

 

Gipe, (2004) Material selection is an essential factor in the design of blades. 

Materials should considered weather resistance, lightning protective and shear & 

bending load absorption. Generally Fibre Reinforces Plastics (FRP) materials are 

used for blades. Gel coats and top coats are protecting blades from abrasion, UV 

radiation and moisture.  

3.2.3 Power generation 

Power generation is produced by converting kinetic energy into electrical energy. 

The working of wind turbine is almost similar to the hydroelectric power plant. 

Both utilizes the kinetic energy from the motion of the fluid particles in order to 

produce electricity. According to the wind direction, the blades are rotated then the 

connected hub is also rotated from which the generated kinetic energy is transferred 

through the shaft and to the generator as mechanical energy. The generator converts 

the mechanical energy into electrical energy. Technically it can be said that the 

energy is transferred from one medium to another.  

 

The wind has a basic link with sun. When the sun heats the land; the air around that 

land will absorb the heat and so the air will become very light (Refer chapter 4.2.1). 

The heated air will raise and this produces a pressure difference in the atmosphere. 

Due to the pressure difference, the air currents are created and flows from high 

pressure region to low pressure regions. The temperature and pressure plays a 

major role in generation of air currents in the atmosphere. In other words, Wind 

energy is a result of solar activity on the earth’s atmosphere. 

DNV/Risø, (2002) says that if you are placing any kind of blade along the direction 

of wind flow then the wind will push it. This phenomena explains that the wind 

force is converted into blade torque from the flow or motion of the wind. This is 

how the wind turbine captures the energy from wind and converts it into electrical 

energy. Electrical power is transferred to the transformer and distributed for 

practical and commercial uses.  
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4 Analysis & Discussion  

4.1 Overview of theoretical background 

The theory background of the maintenance challenges from wind energy production 

portrays the following challenges Hub related problems, Turbine inaccuracy, Tower 

erecting, Gearbox maintenance and other maintenance problems like improper 

lubrication, weather variability etc.  

 

The theory background of old and current maintenance for wind energy production 

apparently shows there is no any updated statistics in the existing maintenance 

parts. In the further topics, the collected data statistics have been displayed. 

4.2 Survey analysis 

In this survey analysis, we are seeking answers in real time maintenance. Surveys 

and interview questionnaire were made after researching several papers in wind 

energy and maintenance (Refer appendices). Interview questions were asked to 8 

maintenance professionals and 7 wind energy maintenance professionals who are 

working in different companies. It involved all three level management personnel.  

 

Interview and surveys were taken in different wind energy producing companies 

from India. Figure 21 shows the way of data collection in empirical results. 

Interview questionnaire have been summarized into parts based on the following 

research questions,  

 

RQ1. What are main maintenance challenges in wind energy production? 

 

RQ2. Comparison of current maintenance and old maintenance in the wind energy 

production: How will maintenance be in the future generations? 

 

 
Figure 21 - Empirical results 

 

The feedback obtained from surveys and interviews were dissimilar due to different 

design orientations. Also they have some similarity in maintenance techniques but 

it varies according to their weather and manual risk. The surveys and interviews of 

the different level management are shown in Figure 22. 
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Figure 22 - Focused people for surveys and interviews 

 

The respondents were all management people, such as top level (Manager), 

medium level (Engineers) and low level (Technicians). Expectation of their view in 

future maintenance is different in each level management.  

 

1. Top level management people prioritize technical development, 

organizational procedures and profitable methods. 

2. Medium level management people have the idea of technical development 

and maintenance techniques. 

3. Low level management people have a view in reducing the manual risks. 

 

Also interview had been done with different technical department people such as 

Mechanical, Electrical, O&M (Operations & Management) and operation control 

department. These people have different views in maintenance problems, 

developments and future vision according to their departments. The collected 

surveys are discussed with the graphical representation in the following sub 

chapters. 

4.2.1 Maintenance Challenges  

Here the surveys of the main maintenance challenges of the wind energy production 

have been listed and shown in graphical representation in Figure 23.  

 
 

Figure 23 - Maintenance challenges 
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4.2.1.1 Hub related problems 

From the surveys, the hub related problems are major and critical among all other 

challenges. During the surveys, the following issues were seen often in the 

discussion with the professionals. The issues are alternative wiring in cooling motor 

of the hub, tolerance limit of hub and rotor during torque check, wind variability 

and season problems.  

 

Being a rotary part, the hub generates high heat consequently, it requires a cooling 

unit. The existing cooling unit contains carbon brush to operate the cooling motor. 

Though the cooling unit has a special wiring (cooling unit without wire), the hub 

and cooling unit are facing big challenge to maintain. In the half yearly 

maintenance, it is necessary to check the torque of the windmill parts. The hub and 

rotor blades are the heart of windmill so it needs proper monitoring in tolerance 

limit during torque check. Failure of this process could lead to vibration problems 

which tend to huge disaster to its surrounding. Wind variability and lightening 

causes instability in yaw motor. 

 

4.2.1.2 Turbine inaccuracy 

Generator, main shaft and gearbox are main parts of the turbine. Turbine inaccuracy 

is focused mainly on generator issues. Generator problem causes the complexity to 

fix its problem due to its complicated design construction. In practice, the generator 

problems are being fixed by dismantling the nacelle from top of the tower. On the 

other hand, it also costs very high expenses for crane and maintenance. To 

overcome these kinds of challenges H-spacer has been introduced.  H-spacer is a 

turbine part which is coupled between the gearbox and generator. Vibrations from 

the gearbox cause the instability in generator. The damper with the H-spacer 

disconnects the energy transmission form the gearbox to the generator consequently 

it conserves the generator. The H-spacer saves the maintenance time and expenses 

by making the complexity into easy while repairing. 

 

4.2.1.3 Tower Erection  

A mechanical failure in the nodes makes the tower to dent. Repairing the dents is a 

physically challengeable maintenance in real time.  Here, the physical challenge 

indicates that the surroundings of the tower should be covered as no entry zone for 

humans to ensure safety. Maintenance team will make a temporary restriction 

boundary for safety. According to the safety regulation it is necessary that these 

challenges worked out during the daylight time. Weather is an important factor in 

tower erection. In monsoon season, apparently the water particles might enter 

inside the tower-off parts. The water particle makes the tower-off parts material to 

form rust and wear. The crane is employed to erect the tower setup. To execute the 

maintenance of the tower erection, the work spot should be occupied for 500 metre 

around the working tower. Inaccuracy of torque guides to phenomenal vibration 

possibly. Due to vibration the wind blade disturbs the tower setup as a result; the 

complete windmill encounters the disaster. 
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4.2.1.4 Gearbox issues 

Gearbox mainly deals with the tooth damage and lubrication problems.  The tooth 

damage caused by the partial immerse of the gearbox in the oil sump. The 

immersed portion does not contain the gear meshes. Therefore the meshing area 

always exist heat and the damage is occurred in the tooth. The lubrication issues are 

caused by gear tooth worn out particles. The worn out particles are mixed with the 

lubricant. When the lubrication in process the particles might interrupt the gear 

mesh region and affects the gear by causing vibration. These problems were 

troubleshot by encoder in the gear teeth. Encoder is a device which conveys the 

system malfunctions and issues to the monitor. 

 

4.2.1.5 Other Maintenance Problems 

In cold countries such as Sweden, Denmark and Norway, rain and snow washes the 

wind blades. In hot places such as south India, it is essential to clean because there 

are 9 months of heavy wind and 3 months of low wind circulations. In some Indian 

provinces like Pune and Maharastra, climate changes often with high humidity and 

rain because of this kind of seasonal changes, the algae are formed on the wind 

blades. In such a case, the wind turbines are halted for cleaning the rotor blades 

which takes extra time and cost. During this maintenance, the other machine parts 

should be monitored regularly in a specific temperature with the help of heater or 

cooler. 

 

The blade angle formation has been designed according to the wind flow directions 

i.e. when there is a heavy wind flow, the blade tilts to 0° and when there is less 

wind flow, the blade automatically tilts to supporting blade angle in order to 

produce the continuous power generation. These blade angle changes are 

programmed and associated with the software. Failure of regular updates in the 

software can cause errors in function of blade angle changes. 

 

Improper secure of the maintenance entry brings accidents due to rain water leaks 

into the gearbox. The leaked rain water affects the lubrication properties and forms 

rust on the inner walls of the gearbox. The rust and properties changes increase the 

vibrations. The maintenance team must ensure the torque check and interval 

changes of lubrication. 

 

There are electrical failures in the power transmission system which is conveyed to 

the monitor through signals by PLC (Programmable Logic Controller) module 

which is connected between nozzle and ground control panel. Maintenance 

technician who attends the electrical issues must entitle to the safety measures such 

as safety shoes, helmet, gloves etc. 

 

These other maintenances are managed by junior engineers with his team. Other 

than that there are maintenances such as yaw drive and pitch drive check, small 

parts lubrication, greasing, bolt & nut torque which is performed by mechanical 

technicians. Battery check, bus & wire insulation check were carried out by 

electrical technicians. 
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4.2.2 Old and current Maintenance 

In wind energy generation, most of the companies are following different types of 

maintenance in order to produce more energy with huge profit. In current 

maintenance, the preventive maintenance plays a vital role. It has many advantages 

such as accident prevention, better life span etc. During accident or sudden stop 

occurs, breakdown maintenance is carried out. Most of the companies have already 

implemented predictive maintenance but some companies are still trying to 

implement the predictive maintenance. 

 

 
Figure 24 - Maintenance and usages 

 

In olden days, breakdown maintenance was playing a vital role in wind energy 

production. Preventive and condition based maintenance were still formulated out 

for future which refers to the current time. There was no idea about predictive 

maintenance on those days. From our surveys and interviews, the types of 

maintenance and their percentage of usage has been shown in Figure 24 & Figure 

25. 

 

 
 

Figure 25 - Selection of maintenance 

 

The Figure 26 shows the maintenance challenges in wind energy production. 
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Figure 26 - Comparison between the past and current wind energy maintenance 

challenges 

 

4.2.2.1 Preventive maintenance 

Prevention is better than cure as a proverb says, the preventive maintenance is 

better than breakdown. This is the most frequently used maintenance at present. In 

common, the first two years of the company gives free preventive maintenance for 

customers. After two years, it will be the customers’ concern to decide about the 

further maintenance service. The customer has the choices of either the company or 

other maintenance companies. Every five year once, special maintenance for the 

turbine will be conducted.  

 

The company has their own crew with multi-disciplinary engineers and technicians. 

Engineers lead the technicians and ensure the maintenance team. Workers have all 

the safety equipment before they start maintenance process. Safety regulations 

consist of categories for safety precautions. The HRC 2 (Hazard Risk Category) 

clothing is used for basement control problems and HRC 4 clothing is used for 

electrical unit problems. The company which employs 100% of the preventive 

maintenance avoid the risks of the breakdown maintenance. From the system 

control department, there are several capacitors connected in the electrical unit 

which will maintain the power transmission in different levels of wind speeds. It 

saves the power transmission losses. Preventive maintenance has been divided in to 

three different types according to the time. They are 

 

 Quarterly maintenance 

This type of preventive maintenance is done for every 3 months. There are four 

maintenances scheduled every year so there will be inspection for machine parts 

as per regulation. This type of maintenance will be helpful to prevent the 

consequences which are caused by the breakdown maintenance. Here the 
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maintenance will not take place for the entire machines and equipment and only 

has the overview inspection. This type of maintenance is not cost effective.  

 

 Half yearly maintenance  

This type of preventive maintenance is done for every 6 months. This 

maintenance duly involves in inspecting the critical parts of the windmill. The 

half yearly maintenance consists of Vibration, thermal and lubrication. 

 

 Annual maintenance 

This is a yearly maintenance. In this, the whole parts undergo maintenance such 

as overhauling. It is a thorough maintenance. It consume more time.  

 

In this maintenance, the team leader (engineer) makes the POD (Plan of the Day) 

and it is followed by the co-workers of the maintenance team. In site, the junior 

engineer commands the technicians for minor maintenance works such as 

lubrication, wiring insulation etc. He also handles the major maintenance such as 

sensor check, and hydraulic torque check etc. Figure 27 shows the quality and 

actions of maintenance in wind energy generation. Lighter portion (Quarterly 

maintenance) shows the few preventive maintenance actions and the brighter 

portion (Yearly maintenance) shows the whole check-up maintenance actions in 

wind energy generation. 

 

 
 

Figure 27 - Types of preventive maintenance according to time 

 

Figure 27 shows the types of preventive maintenance according to the time. 

Sometimes breakdown maintenance requires the help of preventive maintenance 

people from breakdown maintenance. In that case, preventive maintenance is 

postponed for several hours. If the problem is critical, then it takes days to fix it.  In 

case the schedule crosses the limit then the breakdown may occur. For safety 

purpose, the preventive maintenance has a tolerance for ± 7 days. So the preventive 

maintenance crew balances the tolerance on (special case) breakdown maintenance.  
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4.2.2.2 Condition based maintenance  

Vibration analysis conducted on half yearly maintenance. If there is a variation in 

tolerance of vibration then the maintenance action carried out immediately. 

Thermal properties are analysed on half yearly maintenance. In lubricant analysis, 

amount of debris is calculated and certified from concerned lubricant analysis 

department. Time of lubricant that stays in a machine is about 3 years. Mostly, it 

will not get more debris in 3 years period but this analysis is done every year. If 

there are more content of debris found during the second year analysis then the 

maintenance will be prepone for six months from the regular interval. In large size 

organization, they have testing machines and authorities for the above mentioned 

case, but in small scale organisation (such as 2 or 3 wind mills) they cannot afford 

much for lubricant analysis so they will book an appointment with an external 

maintenance company. If the amount of debris level is low the maintenance will be 

postponed for 6 months from the regular interval. As Figure 28 shows that the 

analysis of condition based maintenance are interrelated to each other. 

 

 
Figure 28 - Relationship of maintenance analysis 

 

4.2.2.3 Breakdown maintenance 

Breakdown maintenance does not have any specific planning. Operations control 

department is also involves in it. They use people from various departments like 

mechanical, electrical and system control to carry out breakdown maintenance. To 

reduce breakdown, the computer monitors every windmill maintenance event like 

precise lubrication, friction check, Torque check, vibration frequency, temperature 

of parts etc. From surveys, it is observed that 5% breakdown maintenance handling 

per day include problems like electrical unit problems, parts damage problem or 

software update problem. 

 

During lightning, the breakdown occurs often. In this time percentage of 

breakdown per day may increase from 10% to 12 % which is shown in Figure 29.  

On those days, lightening might increase the breakdown maintenance percentage. 

Breakdown maintenance crew will always be ready to act. They are totally different 

from preventive maintenance crew. If they need more help in fixing problem then 

they will ask for preventive maintenance crew. When the breakdown occurs, 

maintenance people diagnose the problem in 80% of scenarios and they are 

prepared for the actions. Every event is saved in control system and recorded for 
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future reference. If there is problem in guessing, technicians reach top of the tower. 

They contact the people in ground through handheld transceiver for the 

maintenance requirements so the required things are sent through elevator which is 

fixed inside of the tower. Here comes the root cause analysis procedure (refer 

chapter 4) to seek the problem in machine (It might be hub, turbine, Generator or 

gearbox). In some rare cases, trial and error method follows to solve the problem. 

 
Figure 29 - Current status of Breakdown maintenance 

 

4.2.2.4 Maintenance employees 

Employees in wind energy maintenance are similar to generic production 

maintenance employees. According to their experience and academic qualification, 

they are entitled for specific responsibilities. The hierarchy of maintenance 

employees are shown in Figure 30. It is starting from top level management to low 

level management. 

 

 
 

Figure 30 - Maintenance department 

 

Number of employees will vary according to the size of the organization. Academic 

qualification and experience will decide the position of maintenance department. 

Sometimes system manager and senior engineer are acting as a deputy manager. 

Performance of each person in maintenance is audited and given rating for their 
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work for the past one year. Every day, every employee should give a report of their 

maintenance work to the high authority. If there are any problems during 

maintenance, it should be recorded for future references. If any problems rise in 

few days after preventive maintenance, the responsible maintenance 

engineer/technician has to appear on official maintenance committee enquiry to 

answer the reasons of problem. From their rating, people are motivated by awarding 

incentives and promotions for their work. When there is a quick decision to be 

made, the senior engineer or system manager expect the engineer to take the correct 

action. Qualification for each employee is tabulated in Table. 7. 

 

Position Qualification 

Manager 

 Doctoral in science (or) 

 8+ years’ experience -  senior engineer or system 

manager 

 12+ years’ experience as technical engineer 

Senior engineer 

 Masters in science (Mechanical or Electrical 

related) 

 5+ experience as technical engineer 

System manager 

 Masters in science (Information Technology or 

system control related) 

 5+ years’ experience as system controller engineer 

Technical engineer 

 Bachelors in technology (Mechanical or Electrical) 

 5+ years’ experience as junior engineer  

System control engineer 

 Bachelors in technology (Electronics or IT) 

 5+ years’ experience as operation controller 

Junior engineer  

(mechanical & electrical) 

 Diploma in technical (Mechanical or Electrical) 

 6+ years’ experience as technicians 
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Operation controller 
 Diploma in technical (Electronics or Information 

Technology) 

Technicians 
 Industrial Training Institute student (ITI) in 

(Electrical or Mechanical related) 

 

Table 5 - Maintenance employee positions and qualification 

 

4.2.2.5 Table of Maintenance comparison 

From literature studies, the last two decades has an enormous development in 

maintenance. Before three decades, the handling of tools and techniques were really 

complicated. Also the records saving process was very complicated and space 

occupying. Development in wind energy maintenance has been divided into factors 

and then tabulated. 

 

Factors Old maintenance Current maintenance 

Safety Poor safety Comparatively greater safety 

Maintenance 

techniques 
Unstructured Well structured 

Type of 

maintenance 

involved 

 Breakdown maintenance 

 Preventive maintenance 

 

 Preventive maintenance 

 Condition based 

maintenance  

 Breakdown maintenance 

 Starting of predictive 

maintenance 

Production loss 

due to 

maintenance 

High percentage by breakdown 

maintenance 

Comparatively low 

percentage by preventive and 

condition based maintenance 

Manual risk High risk 
Low compare than old 

maintenance methods 

Design of 

windmill 

Complex design and 

difficulties in maintenance 

Low complex design and easy 

maintenance 
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Manipulation of 

parts 

Parts were too heavy and do 

not have enough equipment for 

lifting and replacing 

While repairing and replacing, 

the crane works great and 

effective 

Time 

Breakdown maintenance takes 

more time in analysing and 

overcome the falsification 

Preventive maintenance saves 

more time and preventing 

from accidents 

Cost 

Initially no cost. During 

breakdown, the maintenance 

and production loss consume 

high cost 

Initially needs high 

investment for planning, 

scheduling and preventive 

maintenance. Preventive 

maintenance returns through 

non-stop energy production 

and good profit at the end 

Participation of 

human 

Rely on human work 

completely. There were no any 

options other than human 

resources 

Invention of many types of 

equipment reduced human 

effort also increase human 

safety 

Understanding 

Better understanding of 

maintenance of all the parts. 

There is no different models so 

maintenance methods were 

almost the same for all 

windmills 

Now we have many models 

and it is classified according 

to capacity of energy 

production  so each model has 

small difference in 

maintenance 

Maintenance 

challenges 

 

 Hub related problems 

 Tower erecting 

 Turbine inaccuracy 

 Gearbox maintenance 

 Hub related problems 

 Tower erecting 

 Turbine inaccuracy 

 Gearbox maintenance 

IT influence Not at all 
Working in maintenance on 

monitor and control 

 

Table 6 - Comparison of Old maintenance and Current maintenance 
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4.3 Discussion 

From the research study, it is observed that how far the wind energy maintenance 

have been developed from old to current practice. Also the study reveals the wind 

energy parts & productions and its maintenance. The wind energy maintenance 

differs from lean production maintenance. Importance, advantages and 

disadvantages of breakdown maintenance and preventive maintenance also 

discussed. It is obvious that the preventive maintenance plays a vital role in current 

practice of wind energy maintenance with the essential elements such as vibration, 

lubrication and thermal analysis. 

 

The perspective of maintenance challenges differs between different levels of 

management and multidisciplinary engineers. Top level management prioritizes 

improvement in technical development and quality maintenance techniques. 

Medium level management expects the development in technical development and 

the influence of latest Technology. Low level management people mainly expect 

greater safety and simplified maintenance tasks. Every department comes up with 

their maintenance problems and solving techniques. When there is a critical 

problem, all the technical departments are supposed to take part in troubleshooting 

through root cause analysis method. 

 

Until the installation period, the commissioning team will be responsible for the 

windmill. After installation, the responsible will be handled by maintenance 

department. Comparing to the old maintenance, the current maintenance has many 

developments of maintenance techniques and methods. Preventive maintenance 

takes an important role at present whereas breakdown maintenance was the only 

option at the past. Information technology plays an important role in preventive 

maintenance. It controls and monitors the problem in the windmill. Daily 

monitoring and data collection of individual parts prevents the windmill from 

breakdown. Thereby increases the efficiency and reduces the accidents in the 

windmill.  

 

Maintenance challenges in wind energy are almost similar in all the companies 

from where the interviews and surveys were taken. Most of the problems arise from 

the frequently movable parts in windmill. Some problems are caused due to poor 

lubrication, friction and rapid thermal changes in machine parts. Breakdown 

maintenance is really challengeable during lightning time. There are very minor 

problems according to geographical changes which doesn’t affect the high cost in 

maintenance or production losses. Accident occurs due to minor mistakes such as 

poor insulation, lubrication inspection and poor implementation of maintenance 

regulations etc. 
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5 Conclusion 

As cultivating energy from wind expands rapidly throughout the world, it has 

become common to build windmills all over world. Wind energy is a renewable 

source of energy and hence it can be cultivated without any harm to the 

environment. This dissertation explains the maintenance in wind energy production 

and its challenges and also depicts a comparative study between earlier and present 

maintenance. 

 

Objective of this thesis research has been fulfilled by conducting a literature study, 

interviews and surveys. After learning some basic knowledge about wind energy 

production and maintenance we have formulated three research questions. They 

have been investigated through direct & phone interviews and surveys (From 

appendices). The summarized conclusions are illustrated based on the research 

questionnaire as follows,  

 

RQ1. What are main maintenance challenges in wind energy production?  

Most of the large size organizations have their own maintenance department. But 

the small size power generation units left their maintenance to sub-contract 

companies, which reduce the huge amount of cost in their power generation 

process. Main challenges in wind energy maintenance are: 

 

 Hub related maintenance have a lot of challenging practical difficulties. 

This is a main part which connects the rotor blades and the main shaft. 

Mainly the wiring insulation and motor drive problems are time taking 

process in maintenance. 

 

 Tower erection is another practical maintenance challenge. Normally this 

kind of problems does not happen often. But when we have problem with 

tower erection, it will take more time, manual risk and money. During 

lightning time, this could happen often and by wind irregularities. 

 

 Turbine Inaccuracy is important in energy production. This plays an 

important role in energy transmission. So maintenance should be very 

careful and precise.  Bearing and energy transmission parts have difficulties 

in maintenance. 

 

 Gearbox is the main part in energy generation and transmission as it is used 

to regulate the speed of the main shaft of the generator. It has a complex 

design. Gear teeth break and properties change in lubricant leads to 

accidents. So each event of maintenance must be precise to avoid accident 

and energy loss. Hence, it is also challengeable maintenance in real time.  

 

 Other problems are also important to prevent machine failure such as, 

lubrication check, weather problem and minor events of maintenance. 

Maintenance of yaw drive, PLC (Programmable Logic Controller) unit and 

other motor drive also takes an important place in maintenance.  
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RQ2. Comparison of current maintenance and old maintenance in wind energy 

production: How will the maintenance be in future vision? 

With respect to time, development in maintenance is rapidly increasing. From the 

past till now wind energy played an important role in human life in ways of water 

pump and electrical energy generation. Maintenance of wind energy production 

was more challengeable in olden days than now.  

 

In past, breakdown maintenance occupied a huge part of maintenance, and there 

was no awareness of preventive maintenance. But in future we move to the 

predictive maintenance which means predict the problem in advance.  

 

Nowadays the design of windmill is so compact and effective and hence the 

maintenance is quite easy compared to old times. Earlier it was quite complicated in 

design and occupied a huge place. In future it might be a smaller, light weight and 

more effective. This will help to reduce the need of maintenance.  

 

Safety is an important factor at times. In olden days the maintenance was so 

complicated and unorganized. But now the problem analysis is well structured and 

it is easy to find the problem through previous maintenance records. In future, all 

the maintenance problems should be analyzed even before a problem arises.  

Theoretical study and empirical results have big differences in understanding of 

maintenance procedures. In this thesis, interviews and surveys brought many 

problems and solving methods, maintenance challenges from present scenario and 

the theoretical knowledge about maintenance in olden days gives us problem 

analyzing in maintenance. Also every person has his/her own view to see the 

problems and development in maintenance which brought many suggestions for the 

future vision of wind energy maintenance. 
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6 Future work 

This dissertation deals with maintenance in wind energy and its challenges. From 

surveys and interview, wind energy production maintenance has many challenges 

in real time. These suggestions will be helpful for the future wind energy 

production maintenance. 

 

As we interviewed all levels of management, every level management has their 

own view to see the future development. As they suggested the points are tabulated 

on table. 

 

Management 

 

Future vision 

Top level 

 Technical development 

 Modified organizational 

Procedures to improve the quality 

of maintenance 

Medium level 

 Technical development in find 

and fix problems 

 Increase the I.T influence 

Low level 

 Greater safety 

 Reduction of manual risk 

Table 7 - View from different level managements 

 

Greater safety 

Still there are some accidents and manual risks and accidents in wind energy 

maintenance. First of all we need to focus on human safety and equipment safety. It 

should be zero accident in the future. So maintenance development mainly focuses 

on greater human safety which is very important and equipment safety.  

 

MTB (Mean Time Breakdown) 

Mean Time Breakdown is time difference between one breakdown maintenance to 

the next breakdown maintenance. It helps us in analysing breakdown maintenance 

better. When we balance this factor we could control the causes of breakdown 

maintenance. For this we need to keep the old records of breakdown maintenance 

of each windmill. 

 

Implementation of predictive maintenance 

It must be precisely pre-defined maintenance. It could guess the faults that happen 

in the future. It will reduce the accidents and it will reduce the chances for 
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breakdown maintenance. When the breakdown maintenance reduces, 

simultaneously energy loss reduces and profit increases.  

 

Technical development 

Focus should be mainly on hub related problems and turbine problems in 

maintenance. The people involved in wind energy generation should be educated 

well about maintenance techniques with regular updates about upcoming problems 

and solutions. RCM should be followed by every organization. Every department 

should be capable of handling every problem. For example, one person should be 

able to handle problems in mechanical, electrical and system control. This will help 

us save time and money.  

 

IT influence 

It is an important factor in the future development in wind energy maintenance. 

Everything is controlled and operated by Information Technology through 

automation. Nowadays the influence of IT percentage in wind energy maintenance 

is low. It mostly works with breakdown maintenance and record storing. It should 

be focused more for integrating all maintenance to find the effective solutions for 

the problems and to develop simulations through which most accidents can be 

foreseen and avoided. 
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8 Appendices 

Interview & Survey Questionnaire: 

Respondent name : 

Plant/ Company  : 

Capacity of plant (Kw) : 

Place  : 

Position  : 

E-mail  : 

Contact no  : 

Interviewer :VairamayilSankaranarayanan (vsn10005@student.mdh.se) 

Thesis supervisor : Antti Salonen (antti.salonen@mdh.se) 

Summary:  

This survey seeks to determine the maintenance problems and the causes of failures 

in wind energy production. The survey also focuses on the different procedures and 

methodologies adapted for carrying out maintenance for wind energy. These 

provide a clear knowledge and the analysis helps for the proposal of future 

improvements scenarios for wind energy production maintenance.  

Interview questions: 

1. What are main maintenance challenges wind energy productions?  

2. What are key factors which influence maintenance in wind energy? 

3. What is major maintenance methodologies followed in your 

organization? 

4. Yearly consumption cost for maintenance? 

5. Comparison of current maintenance with the old maintenance 

methods in terms of effectiveness for wind power in your 

organization? 

Survey questions: (Please use hyphen {–} for your selection) 

1. Main problems and maintenance at present 

Parts  % of 

production 

loss 

Time taken to 

fix problem 

(hours) 

Persons 

needed to 

fix problem 

Yearly consumption  

maintenance for 

specific part   

     

     

     

mailto:vsn10005@student.mdh.se
mailto:antti.salonen@mdh.se
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2. From the methodologies listed below which is one or more of them are used 

based on the development for the efficiency at present? Please rate the scale 

1 to 5 very low to very high respectively and how often they are used? 

Contents  1 2 3 4 5 How often 

Preventive Maintenance       

Corrective maintenance       

Condition based maintenance       

Total Productive Maintenance       

Reliability Centered Maintenance       

        

3. Power loss due to maintenance 

 Loss 

time 

Kw/day 

Before 5 years   

At present   

4. Do you have your own maintenance department?  

 5 years before   

Yes  No  

 At present  

 Yes  No  

Note: if no, please specify the contract company name:  
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5. Number of personnel in the maintenance department? 

   

persons 

Time 

=< 10  20 20 above 

5 years before     

At present    

6. Yearly money consumption for the whole maintenance in your organization 

 

5 years before   

At present   

7. How does the IT helps with the energy production maintenance? Please 

express the following in terms of percentage? 

 

 % 

Time  

Not required Low importance  High importance 

5 years before    

At present    

  

8. Is there a different maintenance method or process for special cases? 

 5 years before 

 

Yes  No  

 

 At present 

Yes  No  

Note: if yes, please write small brief about the special case 

maintenance process:  

If you have any more comments on energy production maintenance methods, 

procedures etc. please specify here _________________. 


