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[bookmark: _Toc466973235]Overview
This document builds on the introductory level course and guides students learning about advanced aspects of wind turbines design, manufacture, alternative configurations and commercial operations. A key focus is optimising the design of blades to be efficient and practical in operation.
This guide is designed as a reference that students and teachers/mentors dip into when needed. 
The main document Wind turbine_adv.docx contains the course map reproduced here.
[image: ]
[bookmark: _Toc466872713][bookmark: _Toc466973236]Target audience
Students age 14-18 (KS4-5) working individually on extended project work.
[bookmark: _Toc466872714][bookmark: _Toc466973237]Teacher/mentor pre-requisites
· Greenpower steering wheel
· Wind Power - Introduction
[bookmark: _Toc466872715][bookmark: _Toc466973238]Student pre-requisites
· Wind Power - Introduction
[bookmark: _Toc466872716][bookmark: _Toc466973239]Course aim
This guide builds on the introductory wind power tutorial, extending students awareness and understanding of wind power and the part computer modelling plays in their design and manufacture.
[bookmark: _Toc466872717][bookmark: _Toc466973240]Course objectives
In this course students will:
	Learn about:
	Advanced concepts related to wind turbines and electrical power generation.

	Learn how:
	Design efficient wind turbines that produce useable amounts of electrical power.

	Use Solid Edge to:
	Model complex shapes for wind turbine blades that optimise the capture of wind power.

	Consider the:
	Technical, social and economic aspects of generating power from the wind.


[bookmark: _Toc466872718][bookmark: _Toc466973241]CAD models
Solid Edge models have been introduced that are additional to those covered in the introductory wind power tutorial.  The complete set of files can be downloaded from the Educators webpage (http://www.plm.automation.siemens.com/en_us/academic/resources/solid-edge/educators/index.shtml) and are contained in a ZIP file associated to this project
[bookmark: _Toc466872719][bookmark: _Toc466973242]How to use this guide
This guide is designed as a reference that students and teachers/mentors dip into when needed. Sections are meant as starting points for students taking courses where they are expected to develop their own designs for not just the blades but other elements of wind turbines including the hub, nacelle and support mast. 
Where appropriate, links have been included to online resources including Siemens Solid Edge tutorials. Techniques that apply specifically to wind turbines described in this document have detailed step-by-step instructions.
[bookmark: _Toc466872720][bookmark: _Toc466973243]What is provided
The following documents and files make up this project and available to download from the Siemens Academic programme 
Educators webpage (http://www.plm.automation.siemens.com/en_us/academic/resources/solid-edge/educators/index.shtml) and are contained in a ZIP file associated to this project
Wind_turbine_adv.zip
Wind turbine_adv.docx
Wind turbine_adv._teachers.docx
Folder ST8 models
Models and files from the introductory wind power tutorial plus:
Blade_foil_parallel.par – A basic, parallel, aerofoil blade with no twist.
Turbine_blades_sheet_foil.asm – An aerofoil blade designed to be cut and folded from sheet materials.
Turbine_blades_aero_taper_twist.asm – An aerofoil section blade with taper and twist.
Blade_foil_twist.par – A loft protrusion was used to create this aerofoil section blade with twist.
Blade_foil_twist_taper.par – The root and tip sketches of the lofted protrusion forming the blade section are scaled and rotated to create twist and taper.
Blade_foil_twist_taper2.par – An aerofoil section blade with twist, taper and an intermediate sketch to give greater control over the shape.
Clark_Y_hi_res.xlsx – The profile of this blade was created by importing coordinates for a ‘Clark Y’ aerofoil shape.
Blade_surface.par – The blade shape in this 3D computer model was created using the surfacing tools in Siemens Solid Edge.
tariff_tables_july_2016.pdf – A list of UK Feed in tariffs for different types of renewable energy.
EWEA-HaWTW.zip – An offline version of a web based wind turbine simulator.
Turbine_head.asm – A more aerodynamic wind turbine made possible using internal gears.
[bookmark: _Toc448299223][bookmark: _Toc464733399][bookmark: _Toc466872721][bookmark: _Toc466973244]Siemens Solid Edge software
[bookmark: _Toc464733400][bookmark: _Toc466872722][bookmark: _Toc466973245]For secondary education
Siemens Solid Edge High School Edition is available at no cost (free) to all secondary schools and provides the school with a perpetual, academic site license, enabling them to use Solid Edge on as many computers as required for academic purposes. This edition is for use by secondary schools within the curriculum or in support of extra-curricular activities.   To help clarify which academic institutions are classed as secondary schools, see the Wikipedia entry https://en.wikipedia.org/wiki/Secondary_education.  For clarification or confirmation please contact your regional Solid Edge Academic Program Manager.
To obtain the software an educator or school official must register at www.siemens.com/plm/solid-edge-highschool.  Following registration, a welcome email will be sent to the registered email address containing download instructions for the software install executable.  The school’s license is automatically embedded during the software installation process.
Providing secondary schools with a perpetual site license for Solid Edge gives schools, teachers and mentors the confidence to deploy Solid Edge within the classroom and develop material to support the use of Solid Edge within their STEM curriculum.  When a new release of Siemens Solid Edge High School Edition is available, teachers simply repeat the registration process to obtain the latest release.
[bookmark: _Toc464733401][bookmark: _Toc466872723][bookmark: _Toc466973246]For post-secondary education
[bookmark: _Toc464733402][bookmark: _Toc466872724][bookmark: _Toc466973247]Siemens Solid Edge University Edition is aimed at post-secondary, tertiary, and vocational academic institutions and provides academic institutions with free and perpetual academic site license allowing the installation and use of Solid Edge on as many computers as required for academic purposes on the identified campus (site license).  Solid Edge University Edition is free with optional annual maintenance.  Academic institutions wishing to use Solid Edge University Edition are required to purchase at least one year’s maintenance.  Maintenance can be purchased for multiple years on one sales-order giving academic institutions flexibility, i.e. using current budget to secure up to 5 years of maintenance and support.
To clarify which academic institutions are classed within these categories see the Wikipedia entry http://en.wikipedia.org/wiki/Higher_education.  For clarification or confirmation please contact your regional Solid Edge Academic Program Manager.
For Students
Siemens Solid Edge Student Edition is available at no cost (free) to all part-time or full-time students, regardless of age and provides the student with a perpetual license. This edition is intended to be used by individual students to support their studies.  To obtain the software students must register at www.siemens.com/plm/solid-edge-student.  Following registration students will receive a welcome email that contains download instructions for the software install executable.  The student’s license is automatically embedded during the software installation process.  All students must register to obtain a valid and legal license.
When a new release of Siemens Solid Edge Student Edition is available, students simply repeat the registration process to obtain the latest release.
[bookmark: _Toc464733403][bookmark: _Toc466872725][bookmark: _Toc466973248]Siemens PLM academic contacts
	Americas	solidedgeacademic-am.plm@siemens.com 
	Asia Pacific	solidedgeacademic-ap.plm@siemens.com 
	Europe, Middle East, and Africa	solidedgeacademic-emea.plm@siemens.com

[bookmark: _Toc466872726][bookmark: _Toc466973249]Turbine output
Assessing improvements in turbine output relies on having a baseline value against which you can compare. Findings from the introductory tutorial suggest a three-bladed arrangement with straight, aerofoil section solid blades were most efficient at a blade pitch found through experimentation. These are a suitable starting point and should be used for the baseline output of this guide.
[bookmark: _Toc459310127][bookmark: _Toc459310125]This guide emphasises the importance of conducting tests carefully controlling variables, taking care when taking measurements and averaging results. Students should follow standard scientific practice for fair testing when carrying out investigations to ensure reliable results.
[bookmark: _Toc466872727][bookmark: _Toc466973250]Blades from folded sheet
Sheet materials provide an alternative to solid blades, have the potential to create lighter blades and provide a means of making blades with basic manufacturing equipment in remote locations. 
The sheet metal tools in Siemens Solid Edge are ideally suited to designing blades for making from sheet materials.  Although the tools are described as ‘sheet metal’, they work equally well for other materials including card and polymers.
[bookmark: _Toc466872728][bookmark: _Toc466973251]Introduction to sheet metal tutorial
Where students are unfamiliar with the sheet metal tools in Solid Edge mentors should encourage them to use the link provided in the guide and complete the online introductory sheet metal tutorial.
[bookmark: _Toc466872729][bookmark: _Toc466973252]Modify a folded blade
Students are provided with a Solid Edge model of a sheet material blade. The blade was created with an extruded protrusion from a modified aerofoil sketch. The resulting hollow section was unfolded and used to create a flat drawing.  This can be printed and used as a template for cutting and folding the sheet material.
Step-by-step instructions show students how to use Pathfinder to edit features in the model to learn how the 3D computer model was constructed.
[bookmark: _Toc466872730][bookmark: _Toc466973253]Fold and attach to the blade root
A blade root is provided for mounting the sheet material blades.  The blade root and blade must be securely bonded together to prevent separation during operation.
Whichever method is used to create blades, it is very important that the blade assembly is carefully balanced.  Imbalance will show as vibration during test and the test should be stopped immediately and not restarted until the cause is found and rectified.
[bookmark: _Toc466872731][bookmark: _Toc466973254]Energy hitting the blades
This section explores the percentage of the swept area occupied by the blades and contrasts the slender blades on turbines that generate electricity with those that pump water where blades cover almost the entire swept area. 
[bookmark: _Toc466872732][bookmark: _Toc466973255]Blade shadow
The concept of blade shadow is introduced and the mathematics needed to calculate this as a percentage of the swept area is explained in detail. Static analysis would suggest efficiencies of 40% and higher would be impossible. This is explained with illustrations of moving blades meeting the wind.
[bookmark: _Toc466872733][bookmark: _Toc466973256]Shadow analysis
Students are shown how to use Siemens Solid Edge to perform a ‘shadow analysis’ for static blades.
[bookmark: _Toc466872734][bookmark: _Toc466973257]Wind theory
[bookmark: _Toc466872735][bookmark: _Toc466973258]Apparent wind angle
The introductory tutorial assumes the blades are stationary when measuring blade pitch and in the previous section the concept of rotating blades was introduced.  Taking this a step further 
Because the blade tip is travelling faster than the root, the direction the wind hits the blade will change. The term ‘apparent wind angle’ is used to describe this and requires the blade pitch to change throughout its length.
[bookmark: _Toc466872736][bookmark: _Toc466973259]Modelling blades with twist
Blade twist accommodates changes in the apparent wind angle ensuring a constant along the blade.
Creating a blade with twist is easily achieved using the lofted protrusion tool in Siemens Solid Edge. Students unfamiliar with this tool should be encouraged to follow the link in the course guide to the online tutorial.
Students are provided with a Siemens Solid Edge model of an aerofoil section blade with twist and shown how to use Pathfinder to access features including the lofted protrusion used to create the wing section of the blade.
[bookmark: _Toc466872737][bookmark: _Toc466973260]Pitch index
Twisted blades make setting the pitch more difficult, do you measure at the root, tip or somewhere in-between? As the pitch gauge we provide clips to the hub it is convenient to measure the pitch at the root so an ‘index’ is modelled into the root of blades.  This will show the maximum pitch for any given blade. As mentioned previously static pitch will reduce as the distance from the root increases with almost zero static pitch at the tip of some blades.
[bookmark: _Toc466872738][bookmark: _Toc466973261]Reducing drag
Drag reduces the efficiency of wind turbines and this section looks at ways of minimising the two types of drag. 
Tapering turbine blades help reduce drag and the next section shows how to model taper using Siemens Solid Edge.
[bookmark: _Toc466872739][bookmark: _Toc466973262]Modelling blades with taper
Adding taper to the twisted blade in the previous section can be achieved by scaling the tip sketch.
Although each dimension could be changed manually, sketches can be constructed to make scaling easy.  The tip sketch in the design provided has only one dimension along the bottom of the blade controlling the entire sketch.  This was achieved using the following techniques:
· Geometric constraints such as tangent, perpendicular, equal, etc. were used wherever possible to link geometry in preference to dimensions.
· Remaining dimensions were linked with formulas leaving only one for the user to alter.
The step-by-step instructions show students how to access the sketches, features and formulas in the Siemens Solid edge model.
[bookmark: _Toc466872740][bookmark: _Toc466973263]Intermediate sketches
Students are prompted to consider adding intermediate sketches to provide more control over the shape of the blade.  A Siemens Solid edge model with an intermediate sketch is provided as a reference: Blade_foil_twist_taper2.par
[bookmark: _Toc466872741][bookmark: _Toc466973264]Aerofoil sections
This section begins by mentioning the intense research that occurred in the early 20th Century into aerofoil shapes and the most commonly used Clark Y aerofoil section.
Students are provided with a brief history of research into aerofoil design, highlighting the US government funded research by NACA in the early part of the last century. 
[bookmark: _Toc463533361][bookmark: _Toc466973265]Drawing profiles from coordinate data
The guide explains how aerofoil shapes are published as a set of x, y coordinates and how the Curve by table command in Siemens Solid Edge can be used to construct aerofoil sections automatically.
Students should check the coordinates from the web and software apps. The format that the Curve by table tool expects is a single starting point with coordinates that increment around the profile finishing at the starting point.
Some aerofoil programs output coordinates that start at the leading edge passing along the one surface to the trailing edge then start again at the leading edge for the other surface. In this case coordinates will need to be reordered before importing into Siemens Solid edge.
The Curve by table command in Siemens Solid Edge can draw splines in 3D and so expects three columns of coordinates and the guide explains how to add a third column with zeros for the z coordinates.
The guide goes on to explain, using a spreadsheet that is provided, how to scale coordinates and shift the starting point to position the shape in the model space.
[bookmark: _Toc466872742][bookmark: _Toc466973266]Surfacing turbine blades
Commercial turbine blades are made up of complex surfaces and the best way to model these uses the surfacing tools in parametric modelling software.
Students unfamiliar with the surfacing tools in Siemens Solid Edge should follow the link provided and complete the introductory tutorial.
A turbine blade created using the surfacing tools in Siemens Solid Edge is provided so that students can interrogate Pathfinder to see how it was modelled.
Students who would like to know more about the surfacing tools in Siemens Solid Edge are provided with a link to the Greenpower tutorial for surfacing a body for the F24 kit car. 
[bookmark: _Toc466872743][bookmark: _Toc466973267]Blade manufacture
Most commercial turbine blades are created in large moulds using glass reinforced polymers (GRP).
Small scale turbine blades can be created using many different methods. 
Students should already be familiar with the 3D printing section in the introductory wind power tutorial.
3 axis CNC machining is available in many high schools and here we explain the processes of; exporting shapes as STL files, post processing them to create toolpaths and simulating the cutting process.  
This section also covers methods of machining from two sides including adding a support frame and using a rotary or 4th axis.
There are many different post processing software programs some of which are dedicated to a specific machine tool manufacture. Boxford’s 3D GeoCAM software is featured in the guide because their machines and software are designed specifically for the education market using a simple wizard menu system and the software will output to many different NC file types including the generic, industry standard FANUC format.
[bookmark: _Toc462591548][bookmark: _Toc466872744][bookmark: _Toc466973268]Using turbine output
Historically the output from wind turbines was used locally or fed into the electricity supply network.
This section provides an overview of developments including feed in tariffs (FIT), battery storage, and direct charging of small consumer electronics such as mobile telephones. 
Warning: Students charging expensive consumer electronics like mobile telephones should make sure they understand the voltage and current requirements of the device and how to control output from the wind turbine generator to stay within these limits.
[bookmark: _Toc466872745][bookmark: _Toc466973269]Extensions
This section suggests areas for further study.
· Atmospheric conditions – Here we highlight the impact changes in atmospheric conditions have on turbine performance
· Gearing systems – An overview of gearing systems as an alternative to direct drive.
· Flexible blades – Flexible designs help accommodate wind gusts and self-regulate pitch. 
· Variable pitch operation – Explores how and why varying the pitch of blades is used.
· Spindle brake – Used to regulate the speed of rotation and to prevent runaway.
· Spindle lock – Preventing rotation is important when shut down in high winds and during maintenance.
· Rotating nacelles – Horizontal axis turbines must be rotated to face the wind and this section explores how this is achieved.
· Electrical contacts – Methods for transferring the electrical power being generated down through the support tower are explored here.
· Support towers – Different methods are used to support wind turbines and some of these are explored here.
· Maintenance access – With designed lifespans of 20+ years turbines must provide access for inspection and maintenance.  
· Transport and construction – The trend is or ever larger turbines and this creates major logistical challenges for transportation and construction.
· Regional networks – To support the installation and servicing of wind turbines, Siemens is developing networks of regional centres around the world.
· Types of wind turbine – The introductory wind power curriculum and this advanced guide focus on the most common horizontal axis turbine designs.  This section outlines alternative, vertical axis designs.

Siemens has great webpages on Wind Energy:
http://www.siemens.com/global/en/home/markets/wind.html 
[bookmark: _GoBack]http://www.energy.siemens.com/br/en/renewable-energy/wind-power/ 
[bookmark: _Toc466872746][bookmark: _Toc466973270]Appendix one – Siemens curriculum
This wind power guide is just one of a wide range of curriculum guides Siemens provides free to schools and colleges.
· Wind turbine - An introduction – Comprehensive curriculum for teachers and students new to studying wind power.
· Blowing in the wind – One in a series of Siemens curriculum for middle and high schools. 
· OCR Cambridge Nationals in Engineering – Siemens partnered with the Oxford, Cambridge and RSA awarding body in the UK to develop a comprehensive guide to delivering level 1/2 qualifications in engineering using the context of wind power.
· HAWC2 - The Technical University of Denmark has developed sophisticated software tools for designing full size wind turbines.
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