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Development of an Educational Wind Turbine Troubleshooting 

and Safety Simulator 

Abstract 

This project is developing a web-based, interactive 3D simulator for community college wind 

energy technician training programs. Directly contributing to the current project are two previous 

wind energy projects: “Wind Tech TV,” a 2010 NSF Advanced Technological Education (ATE) 

project that compiled a library of online training materials for wind turbine technician training, 

and “Mixed Reality Simulators for Wind Energy Education,” a U.S. Department of Education 

Fund for the Improvement of Postsecondary Education (FIPSE) project that produced a series of 

simulators for wind energy educators and students to provide hands-on experiences and promote 

critical thinking. The new simulator is designed to teach troubleshooting and safety strategies, 

promote critical-thinking and problem-solving skills, and enhance the transfer of knowledge 

from classrooms to real-world situations. Learner immersion in a simulated environment and 

progression through numerous troubleshooting scenarios is expected to provide a better-prepared 

and more skilled workforce for the wind energy industry. Multiple community colleges, a wind 

energy company, two NSF ATE Centers, and a university research center comprise the multi-

disciplinary team working on this project. Community colleges are leading the curriculum and 

educational module design and implementation, industry collaborators are advising on needed 

skills and recommended activities, and the university research center is developing the software. 

Data from implementation in one community college so far show a 10% score increase for 

students using the simulator compared to traditional instruction alone. 

Introduction 

As renewable energy expands, there is an increased need for trained personnel who can work on 

the increased number of devices and systems being used in fields like solar, wind, and 

hydrokinetics effectively and safely [1]. For a sense of scale in the growth of wind in the scheme 

of US energy production, it can be seen that in 2015, the percentage of energy coming from wind 

in the US was approximately 4% [2]. As of the end of 2017, the percentage had changed to 6.3% 

[3]. That means in just two years, we have seen a significant increase in wind energy, which is 

only projected to increase based on the initiatives from the US Department of Energy [2]. With 

this rapid expansion, employers that are maintaining this equipment will need to hire increasing 

amounts of technicians, meaning that the current training and education for those technicians will 

need to keep up. Tools to help those instructors and educators giving this training become 

increasingly important. One of the most important things to reinforce during the education 

process before it becomes a problem are proper troubleshooting techniques. Many problems 

caused from improper repair and unnecessary downtime come from improper troubleshooting 

technique, and can be addressed in training. Trying to improve the relation of ideas learned in the 

classroom to how they are applied is also a problem to be tackled in the classroom [4]. 

The most important factor that has been identified in learning to troubleshoot probably is using 

actual scenarios to practice on using actual or simulated systems [5]. However, getting access to 



physical wind turbine equipment is usually difficult or impossible at some locations [6], [7], [8]. 

Also, some situations are hard to replicate due to some limitations on factors like safety concerns 

for inexperienced technicians, rare occurrence rates, or difficulty to reproduce artificially. 

Research has shown that interactive simulation software can be a viable way to practice tasks in 

a safe environment and can improve learning outcomes compared to passive methods [9], [10], 

[11]. Active learning methods have been shown to provide better experiences and retention of 

information, particularly in the field of safety [12]. 

This project is based in the development of an interactive 3D simulator incorporating fault-based 

troubleshooting and safety topics into real world scenarios and education modules to provide 

community college students with unlimited opportunities for practice at the convenience of 

having a computer or laptop with at least some CPU and GPU power. A team composed of 

members of multiple community colleges like Riverland CC, IvyTech CC, and Kalamazoo CC, 

as well as other members from Purdue University Northwest, and the CA2VES and AMTEC 

ATE centers. Some members have worked on previous projects that deal with a variety of 

software in education and technician training, particularly dealing with wind energy and 

renewables in general [13], [14], [15], [16]. The community colleges are leading the curriculum 

and module design and are testing the simulator, while Purdue leads development, and the ATE 

centers offering advice along the way. 

The simulator builds upon two previous projects: “Wind Tech TV” (Figure 1), which was a 

previous ATE project (DUE 1003448), which made a library of online training videos for wind 

turbine technicians about different areas of maintenance, and “Mixed Reality Simulators for 

Wind Energy Education” (Figure 2) a US DoE FIPSE project (P116B100322), which produced a 

suite of simulators online for wind energy education. It allowed hands-on education scenarios 

that would be harder to explain using text and visual representation of abstract concepts. The 

simulator is utilizing Universal Design for Learning (UDL), to accommodate individual learning 

differences [17]. Internal and external evaluators will carry out formative assessment to enable 

improvements, and summative assessments to see the success of the simulator over time. Once 

the project heads to completion, it is expected to have impacts on multiple community college 

renewable energy programs with wind components, in addition to being used for K-12 outreach 

to increase interest in STEM fields and renewable energies. 

Figure 1: Former WindTech TV Homepage Figure 2: Image from FIPSE Mixed Reality 

Simulators for Wind Energy Education 



Goals and Objectives of the Project 

Goals 

 To transform teaching practices in community college wind energy programs through the 

use of an interactive, web-based, 3D simulator for troubleshooting and safety. 

 To improve the quality of the wind energy workforce to meet the critical needs of the 

industry. 

Objectives 

 To develop teaching modules for troubleshooting strategies and safety in community 

colleges through a web-based, interactive 3D troubleshooting and safety simulator based 

on real scenarios for wind turbine technician education. 

 To use the simulator in existing community college courses for specific troubleshooting 

and safety learning objectives. 

 To assess the effectiveness of the troubleshooting and safety simulator and its derivative 

formats for improving the learning objectives. 

Specific learning objectives targeted in the project were provided by the collaborating 

community colleges after various discussions. The simulator is being designed to meet these 

learning objectives with activities to facilitate timely and safe learning. A focus on alignment 

with existing teaching methods will ensure that the software and any technology is well 

integrated and enhances existing training.  

After discussion between all involved parties, the following learning objectives and associated 

learning actions were chosen for student educational program development and assessment: 

 Objective #1: Students will identify safety hazards in the wind turbine environment with 

these learning actions: 

o Students will examine and assess safety conditions in the virtual wind turbine. 

o Students will select appropriate personal protective equipment. 

 Objective #2: Students will apply task-based hazard assessment with this learning action: 

o Students will examine a work plan and assess potential hazards for each task in 

virtual scenarios. 

 Objective #3: Students will create and follow a safety plan and correct safety procedures 

with this learning action: 

o Students will examine existing safety plans and develop new plans in the virtual 

scenarios. 

 Objective #4: Students will read engineering prints and interpret schematic symbols with 

this learning action: 

o Students will access and utilize virtual schematics within the virtual scenarios. 

 Objective #5: Students will create a causal map with this learning action: 

o Students will examine existing causal maps and develop new causal maps based 

on the virtual scenarios. 



 Objective #6: Students will use critical thinking to systematically troubleshoot issues this 

learning action: 

o Students will follow causal maps, take measurements, and trace potential 

problems within the virtual wind turbine. 

 Objective #7: Students will use problem solving to demonstrate mastery of 

troubleshooting wind turbine systems with this learning action: 

o Students will participate in virtual fault-based troubleshooting scenarios covering 

electric circuits, components, PLC (Programmable Logic Controller), electric 

motor, mechanical systems, and hydraulic systems 

 Objective #8: Students will demonstrate high-level problem solving through open-ended 

questions with these learning actions: 

o Given open-ended situations, students will determine the likelihood of scenario 

causes and prioritize actions to be made for troubleshooting 

o Students will determine the root cause of scenarios in an efficient manner. 

Project Significance 

This project tries to address ways to take classroom knowledge and apply it to real world 

scenarios using virtual content that allows students without ready access to physical equipment 

practice things learned in class on a virtual system either with the instructor or self-paced from 

their own computer. The project will contribute to the body of knowledge on the effectiveness, 

perceptions, and attitudes regarding interactive 3D simulators for technical education and also 

measure the learning that comes from the different formats (interactive 3D simulators, videos, 

and text-based materials). The expected outcome of this project is that computer-based 

simulators will be increasingly used to apply classroom concepts to real-world applications. In 

this case, a virtual wind turbine can provide numerous realistic scenarios that allow students to 

engage in hands-on experiences that would be dangerous or impractical otherwise. 

National Significance 

Despite investment in wind energy, modern wind farms and individual wind turbines have lower 

output and uptimes than planned forecasts, leading to non-optimal return on investment [18]. 

Improving the workforce will be one avenue to deal with these issues. There are currently over 

85,000 people involved in the wind energy industry [19]. They are all tasked with installing and 

maintaining over 83,000 Megawatts of energy capacity in the current wind energy infrastructure 

[20]. Reliability and efficiency of individual turbines, wind farms, and related systems becomes 

more important over time, and the need for even more skilled technicians to tackle this becomes 

necessary [21]. 

Intellectual Merits 

This project attempts to address the issue of transferring knowledge from classroom learning to 

real world applications. The use of interactive dynamic, content aims not only to improve 

troubleshooting and safety awareness, but also help teach critical thinking and problem solving 

skills. By the end of the project, surveys and classroom testing will hope to contribute to the 



body of knowledge in the fields of educational applications of web-based interactive 3D 

simulators for technicians, as well as the effectiveness of active and interactive learning methods 

versus passive methods.  It is expected that more interactive training methods, while they have 

started to wear out novelty in the gaming space, still have plenty of potential to grow in both 

corporate and education sectors for training purposes. 

Innovation 

There are two avenues of innovation this project explores. The first is making a web-based 

interactive 3D simulator, which integrates real-world scenarios and education modules. While 

this on its own may not be a novel idea, the subject matter of wind energy and the potential 

output platforms lend to make this project relatively new in its field. The second is the creation 

of virtual troubleshooting in the software using tools like Personal Protection Equipment (PPE) 

selection and basic safety, virtual multi-meter usage, and use of Supervisory Control and Data 

Acquisition (SCADA) systems. It provides a platform for troubleshooting and safety training that 

encourages critical thinking and problem-solving instead of less effective trial-and-error. 

Potential Impacts 

The improvement in the workforce for the wind energy industry is an important step for 

renewable energy. It will lead to better, more efficient wind energy, which can decrease the need 

for fossil fuels as wind picks up more share of the energy consumption in the country. It also 

focuses on improving technology education in general, by setting an example for potential virtual 

learning in the future. Dissemination of the project will allow multiple community colleges to 

use the software or become inspired to do similar works. Finally, the software will give us an 

outlet to reach out to K-12 students, increasing STEM awareness and interest in renewable 

energies. 

Potential Replicability 

One of the benefits to making the simulator in Unity, as will be described in the methodology, is 

the ability to scale interaction and platform based and the availability of hardware. This enables 

the easy transfer of the project to platforms like Mac OS, Windows, Mobile Devices, and 

WebGL. This means that there are plenty of options for deployment in a variety of environments. 

These could be ranging from someone’s personal PC, to their MacBook, to their tablet, to 

classroom computers, to VR labs. All the core functionality of the software can be accessible in 

any configuration, as long as the desire and resources are available. 

Design Philosophy 

Wind energy in the US has a critical need for additional wind technicians properly trained in 

troubleshooting strategies and safety.  A national skills assessment made by the U.S. Department 

of Energy indicated that there will need to be long term growth, especially as companies growing 

in wind energy have growing problems finding qualified technicians [22]. While troubleshooting 

is a critical skill in the field, many technicians tend to lack comprehensive skills and “grope in 



the dark” (i.e. using basic trial and error without any cause & effect analysis or logical 

reasoning), which can easily result in unnecessary downtime and safety issues. Currently, many 

community college programs lack the ability to give a viable platform to have hands-on 

experience with the topics learned in the classroom. A few colleges may have access to physical 

wind turbines or test rigs, but that does not allow for all students to have nearly-unlimited access 

to all the hands-on experiences and situations that may come up in the workplace. This is the 

context for the focus on troubleshooting and safety in the simulator. 

Computer simulations and virtual reality have seen increased use as educational tools and there is 

a growth in interest to use these to teach and assess broader competencies more rigorously [23]. 

The NSF funded ATE center, the Center for Aviation and Automotive Technical Education 

Using Virtual E-Schools (CA2VES) provides a good example of educational facilities doing 

similar work. Virtual simulators have also been developed in-industry and have been shown to 

improve learning outcomes [24], [25], [26], [27], [28]. While computer simulations have proven 

to be effective in many cases, a Universal Design for Learning (UDL) model has been developed 

by the Center for Applied Special Technology (CAST), providing a framework that makes 

learning experiences more accessible to all learners [29]. This is done by addressing the learning 

variability between individuals and suggests the use of alternate goals, methodologies, resources, 

and assessment styles to boost learning outcomes. UDL’s framework is founded on three 

principles based in neuroscience research: 

1. Providing Multiple Means of Representation – There are plenty of ways for the user to 

gather information to draw possible conclusions 

2. Providing Multiple Means of Expression – Making the experiences open-ended can allow 

for multiple paths to the same end result 

3. Providing Multiple Means of Engagement – By providing multiple modules, students can 

use what works best for them 

In order to follow this model, the simulator will make use of two primary outlets (Open-ended 

simulated scenarios and Video/Text reference materials) to provide multiple options for students 

to learn concepts covered in the simulator. 

Methodology 

Overview of Design Process 

The simulator is being designed in the virtual space using common components to modern day 

game development, only in this case to create an educational software instead of just a game for 

pure entertainment. Extensive research and industry experience is needed to guide and design a 

working simulator, as well as a variety of tools both commercially and personally available. Here 

is a list of some of the software being used in the production of the simulator, at least in terms of 

creation: 



 Autodesk 3Ds Max – a software used for making 3D models of assets used in the virtual 

environment, as well as provide a platform to map 3D textures and animations, in some 

cases, frame by frame renders for  

 Adobe Photoshop – a photo-editing software that is used to make User Interface assets 

for the simulator and create basic textures for use in the 3D modelling software 

 Substance Painter – a software used to generate material textures for 3D models that 

may need things like weathered effects, and can be used like a 3D painting program 

 Unity 3D – an open-source game engine used to combine assets modeled in 3D Max and 

provide an outlet to code various interactions, and a publishing software that allows for 

multiple output platforms 

 MonoDevelop – an open-source coding platform bundles with Unity that is used to code 

and compile C# and JavaScript scripts for use as assets in the Unity 3D game engine, and 

is currently being phased out by Unity in favor of using Microsoft Visual Studio with a 

Unity-based plugin to import Unity libraries 

 Microsoft Visual Studio – Microsoft coding platform used in this case to develop script 

assets for Unity alongside MonoDevelop 

Overview of Workflow 

The overall workflow for the simulator is very circular. There are many stages that go back to 

literature and reference sources, and feedback from the collaborators is also a big factor in many 

stages of development (Figure 3). The stages of the process can be broken down into the 

following steps/processes: 

 Literature Review/Reference Review – This stage is pretty self-explanatory, but is 

probably most important step in the creation process. Part of the literature review was 

going through the previous work done in the previous two projects mentioned in the 

introduction and information provided by the collaborators in the form of schematics 

used in the classroom, physical simulators, reference images, and contacts in the industry. 

These are referenced constantly at all stages of modelling and scripting, and are updated 

as the project needs. 

 3D Modelling/Texturing - This stage involves the development of the development of 

the CAD models and other assets to be used in the construction of the virtual 

environment in Unity 3D. This also includes any pre-built assets and models that need to 

be acquired from the Unity Assets Store through the interface in the game engine 

interface. Texturing the models also happens at this stage, which in some cases requires 

the use of not only the 3D modelling software, but third party programs like Adobe 

Photoshop to do basic photo editing and Substance Painter to do some 3D texture 

sculpting. 

 Scripting/Interaction Behavior – This stage involves using C# programming in either 

MonoDevelop or Microsoft Visual Studio with Unity’s built-in code libraries. Here, all 

the behaviors and functionality of the simulator are coded to work and can be used in the 

Unity 3D engine to bring parts of the environment to life or be able to interact with it in a 



meaningful way. These will eventually make their way into Unity 3D and be used with 

the models and assets from the 3D modelling software in the Unity 3D interface. 

 Developing the Virtual Environment – This stage involves all of the Unity 3D 

development. It involves taking inputs from both the 3D Modelling software and the 

built-in Unity Assets Store to piece together a virtual scene, as well as coding and scripts 

from MonoDevelop and Visual Studio. This can eventually be outputted using the built in 

compilers to multiple build platforms like WebGL, Windows PC, or MacOS. The 

majority of the overall software development happens here. 

 Collaborator Feedback – At most stages of the project, progress and short term goals 

are presented to a committee made up of instructors from the involved community 

colleges for immediate feedback and additional guidance. 

 Student Testing – During stages of the development, when it is appropriate for use based 

on the curriculum of the community colleges, there may be a prepared version of the 

software at the current stage of development meant to be classroom tested, and feedback 

regarding the user experience and user expectations, which then influences new changes 

for the software. 

Current Completion Progress 

The current state of the simulator has several implemented features at this stage of development. 

The components of the software currently developed, pending any changes to accommodate 

additional information or scenarios, are the following: 

1. Main Menu – The user can navigate the many options available by navigating through 

the menu the user is presented with from the very beginning of the software (Figure 4). 

The user has options to select from many things here, from the troubleshooting scenes, to 

the reference materials, and the customization features. Over time, these are expected to 

be changed to accommodate any additional features or modules that are developed for the 

project. 



 

2. Educational Reference Modules – One of the features that has already been 

implemented in an early form are the internal reference material. The goal of these is to 

tackle trying to bridge the gap in some areas of knowledge that the user may not be privy 

to initially that will be useful while using the troubleshooting simulator. Right now, the 

currently implemented module covers driving safety topics that is covered in a format 

much like an online Learning Management System (LMS). The user gets to navigate 

through a series of slides at their own speed (Figure 4) and eventually take a quiz over the 

content to gauge their comprehension. This data can then be recorded locally so that the 

user can keep track of which modules have been individually completed when looking at 

the module selections. 

 

 

Figure 3: Screenshot from the Main Menu in the Software 

Figure 4: Image of Driving Safety Module 



 

3. Troubleshooting Scenarios – Another one of the features that is currently implemented 

in the software are actual troubleshooting scenarios. The development of these is 

currently being guided by the instructors from the community colleges that are part of the 

technical committee and implemented by developers at Purdue Northwest. These cover 

some important systems that are general parts of every wind turbine like Pitch Control 

Systems (PCS), Power Distribution, Programmable Logic Controllers, and many others. 

Currently, the implemented scenario in the software is based around components of the 

PCS and the surrounding systems in the Hub of the wind turbine (Figure 5). The user 

receives a notification from a central warehouse about a SCADA reported error in the 

PCS of a turbine and has to go investigate. Through reading of IEC schematics, and use 

of a virtual multi-meter, the user tries to identify and report the issue and proposed 

solution. These are then output into report files on the local machine that can then be sent 

to an instructor for review. Moving forward, as more topics are introduced, functionality 

will be increased to include more systems. 

 

4. Customizable Scenario Builder – The last of the large currently implemented features is 

the ability for customizable scenarios. Very early in the project, it was identified that in 

order to ensure the longevity and usefulness of the software, making the features that 

exist customizable to be compatible with multiple curriculums. In this case, we have 

created the skeleton for a framework that allows the user/instructor to navigate menus to 

change values for different measurement nodes on different pieces of equipment to 

emulate different scenarios (Figure 6). The end result is an outputted spreadsheet that can 

be loaded into the software to reproduce your desired scenario. At the end of the project, 

this will allow instructors to continue to use the simulator in new ways that were never 

even considered during the design process. 

Figure 5: Pictures of the Troubleshooting Scene 



 

Current Development Areas 

Right now, there are two aspects that are being looked at for current feature development to 

enhance the troubleshooting of the simulator. One would be the incorporation of Personal 

Protection Equipment and more interactive safety topics, and the other would be the inclusion of 

a virtual SCADA system for the user to interact with in the troubleshooting scenarios. These will 

be explored in more detail with background information on what they are and why they are 

important to the project.  

Wind Technician Safety 

Part of learning about performing maintenance and repairs on wind turbines is learning how to 

perform the maintenance and repairs safely. Because of the recent development of the wind 

industry, it seems that increasing workforce sizes are performing increasingly complex tasks, 

which introduce new safety hazards in increasingly large and complex turbines [30]. Appropriate 

safety practices save lives, and reinforcing those practices needs to happen at all stages of 

training is important, and this simulator is no different. 

In the simulator, work is being done to approach this from two potential angles. The first system 

is the previously mentioned educational reference modules to allow the user to get entry level 

information, the second system that is currently under development is the ability to enact these 

topics in the actual simulator for practice. The user will select from different PPE choices in the 

centralized warehouse based on the type of work they will be performing and making sure that 

once they have arrived at the tower that needs maintenance, using the equipment correctly. The 

current safety topics that are the focus of current development are arc flash safety and fall 

protection, which are very serious concerns in the current workforce. 

Virtual SCADA System 

Supervisory Control and Data Acquisition software (SCADA) is a system of software that allows 

users in industrial applications to do some of the following: 

Figure 6: Custom Scenario Builder 



 Controlling processes locally and/or remotely 

 Monitoring, gathering, and processing real-time data 

 Directly interface with many devices using IoT devices and human machine interfaces 

 Interact with logs and log files 

SCADA systems are crucial in many industries since they allow more streamlined decision-

making, communication, and downtime mitigations. Modern SCADA systems allow access to 

real-time information from almost anywhere in the world, making access to data driven decisions 

much easier and faster than ever before.  

In the application of Wind turbines, SCADA systems offer a very large assortment of different 

data spreads and sensor data to view either locally at each of the individual wind turbines or the 

whole system from a centralized location. This allows a user to get some information regarding 

each of the virtual turbines and see what error codes are being read out for any turbines that are 

in fault. This is a very big part of remote troubleshooting and identifying the type of work and 

equipment needed for the repairs needed during downtimes. Knowing how to use the SCADA 

system is a skill for identifying causes for issues that in some cases is overlooked in some 

training programs, and the simulator wants to address this. 

Future Work and Conclusions 

As was previously mentioned, most if not all the functionality of the simulator will continue to 

be developed over time. The direction will continue to be guided by the Community College 

renewable energy program programs that are involved in the project. The project intends to 

tackle many learning objectives and address them in a way to positively influence learning 

outcomes, particularly at colleges that lack the physical resources to reproduce the experiences 

physically for training. Going into the last phases of the project, testing in classrooms and trying 

to make the currently included features as polished as possible is becoming priority, and 

potentially look for other long-term funding to continue long term development is now 

underway. 
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