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Background

SmartSignal, our sponsor

SmartSignal Inc. offers software which models 

machine and equipment behavior, and can distinguish 

between normal and abnormal conditions. 

This information is used by machine operators to 

proactively deal with potential problems before they 

cause faults and unplanned downtime.



Problem Statement

SmartSignal's Objectives: 

• Explain faults that are occurring in wind turbines and why  
• Gain a general understanding of how wind turbines work 

• Identify turbine components and major failures 

• Determine turbine faults 

• Determine most costly/most common reasons for turbine downtime 

• Provide detailed overview of current maintenance practices and 
procedures 

• Provide listings of maintenance procedures available 

• The advantages and disadvantages of current maintenance practices 

• Determine who is responsible for maintenance

•Technical Business Case 
• Describe the revenues and cost basis of wind power generation 

• Calculate costs of unplanned downtime due to failures 



Work Breakdown Structure

Defining the problems: The cost of 

failures associated with wind 

turbine operations was 

determined.

Gathering research: Research and 

background information on 

turbine failures was gathered

Initial data compilation: Compilation 

of results gathered from research 

over the semester:

Prepare Technical Business Case:

Compiled data was used to 

prepare a technical business 

case in the form of a MS Excel 

spreadsheet



The Team Structure 

Post-Midterm Teams

• Team Leaders

• Led the meetings and also helped the teams complete their 

tasks

• Spreadsheet Team

• Compiled wind turbine failure data and costs into an interactive 

spreadsheet

• Contact Team

• Continued their work to contact those in the wind power industry

• Set up interviews and wind farm visits

• Deliverable Team

• Handled IPRO requirements

Pre-Midterm Teams

• Research Team

•Researched how wind turbines work and identifying the 

major failures

• Questionnaire Team

• Prepared questionnaires for the contact team

• Contact Team

• Contacted people in the wind power industry to 

schedule interviews



Wind Turbine Function

Source: Alliant Energy Kids 
http://www.alliantenergykids.com

•Wind Turbine Classification

• Small (20- kW)

• Medium  (20 – 300 kW)

• Large   (300+ kW)

• Basic Components of a 

Wind Turbine

• Rotor

• Gearbox

• Nacelle

• Break

• Generator

• Tower



Wind Turbine Faults

Most Common/Regularly Occurring

Electrical System 17.5%

Sensors 14.1%

Control System 12.9%

Blade Pitch 13.4%

Contribution ~ 60%

• Regularly occurring faults and not the same as the most costly faults

• Fault data tends to be inconsistent

Most Downtime/Most Costly

Gears 19.4%

Control System 18.3%

Electric System 14.3%

Yaw System 13.3%

Contribution ~ 65%

This information is taken from a case study on wind turbine component failures 
conducted in Sweden. Study includes wind farms in Germany and Sweden



Most Costly Reasons for Turbine 

Downtime
•Gearbox failures are the most costly component 

that affects turbine downtime

• Bearings and gears are the main reason it 

fails

• Caused by contamination and lack of 

maintenance

•The typical costs associated with gearbox repair 

• Replacing a gearbox can cost around 

$120,000 for a 660 kW turbine

• A rebuild can cost around $40,000-$50,000 

• Higher producing power wind turbines are 

more expensive

• Total crane costs can reach $50,000-70,000

• Other data has shown that a crane can cost 

up to $300,000 
Source: http://www.clowd.org.uk/Images/turbine_head_20080103_470x314.jpg

This information is taken from a case study on wind turbine component failures 
conducted in Sweden. Study includes wind farms in Germany and Sweden



Current Maintenance Practices

• Maintenance Contract Options

•Manufacturer Warranty: 

•Components to complete coverage

•3rd Party Maintenance Crews:

•Crews can be hired to repair faults as they occur, or they can 

be contracted to particular wind farms. 

•Operator can choose to have on-staff maintenance crews 

rather than hire a third-party company to handle repairs

• Most repairs do not require a lot of specialty tools

• Most repairs are either trivial repairs or extremely costly



Fault Cost Analysis Spreadsheet   - Main Worksheet 

• User Input of Turbine Parameters, Electricity Rates and Component Faults

• Outputs Economic Effects of Faults with Baseline (no faults) for Comparison

• All Input Values from Drop-Down Lists – (user editable)



Fault Cost Analysis Spreadsheet   - Faults Worksheet

• Six Fault Data boxes

• Times, Rates and Costs entered by user

• Cost calculations (e.g. labor cost)

• Total Costs and Down Time Main Worksheet



• Blue text inputs edited by user

• Editing enables user-defined scenarios

• Figures of merit are automatically displayed on 

Main worksheet

– Component Name

– Total Cost to Repair

– Down Time

Fault Cost Analysis Spreadsheet  - Component Faults

Faults Worksheet

Main Worksheet



Fault Cost Analysis Spreadsheet  - User Help 

Help Worksheet

Extensive Balloon 

Comments



Wind Farm Spreadsheet  

• Focuses on Wind Farms

• Calculates economic costs 

• User chooses turbine sizes/numbers



Obstacles

• Understanding the goals

• Establishing contacts in industry

• Establishing a team leader

• Technical background of team members

• Documents and Formatting

• Ethical issues



Ethics

Three Perspectives:

• The Seven Layers of Integrity by Dr. June 

Ferrill

• It's Good Business by Kristine R. Hanson, 

Robert C. Solomon

• Professional Engineering Code of Ethics by 

the American Society of Mechanical Engineers

The IPRO team is to consider these issues.

1.Honoring the confidentiality agreement with our 

sponsor, SmartSignal, when dealing with our 

contacts.

2.Actions to be taken should unequal contributions 

amongst team members occur.

3.Address how communication among IPRO team 

members may be impacted by our cultural 

diversity



Ethics Conclusions 

• Will not disclose SmartSignal's name to our contacts, 

and we will also not disclose our contacts' names to 

SmartSignal

• When we have a team member who is contributing 

equally, they should be contacted to improve the 

situation

• Cultural differences may affect our communication, 

and we need to be aware of this



Recommendations

• General 

• Establish leadership early in the semester

• Define a well thought out set of goals

• Contact Team

•Reference contact list and keep communication open with previous contacts

• Favor live phone interviews

• Research Team

• Become familiar with the research done this semester and expand on it

• Find more information on the actual “cost of maintenance”

• Spreadsheet Team

• Enhance the previous spread sheets

• Combine them into one comprehensive version

• Apply more research data to the inputs



Thank you for listening!

QUESTIONS?

Cover page: http://www.ecofuss.com/wp-content/uploads/2008/04/offshore-wind-turbines.jpg
Animation: http://www.originenergy.com.au/2039/files/renew_wind.gif


