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[bookmark: _Toc461006158][bookmark: _Toc466973154]Course map
CONTEXT AND PURPOSE
Greenpower / Target audience / Pre-requisites / Aims / Objectives/Instructions


BENCHMARKING



Energy hitting blades
Description – Explains more about how blades generate power from the wind.
Learning Goals – Understand the reasons why most large turbines have three, slender blades.
Why is this important? – Understanding how blades capture power from the wind helps students suggest and implement design improvements.
Folded sheet blades
Description – Effective turbine blades can be created using folded sheet materials.
Learning goals – Use the sheet metal tools in Siemens Solid Edge to model and make turbine blades.
Why is this important? – Making facilities will vary. Being able to make blades using what is available makes turbines more accessible.
turbine output - reference
Description – Using basic aerofoil blades as a reference.
Learning goals – Establishing a benchmark output to measure further improvements against.
Why is this important? –A reliable measure is needed against which improvements can be compared.







Extensions – Explore other aspects of turbine design including; gearing, control, nacelles, towers, vertical axis turbines, etc.
APPENDICES
Siemens curriculum/links
MAKING A DIFFERENCE
IMPROVING EFFICIENCY
Surfacing blades
Description – Surfacing tools allow precise shapes to be created to ensure efficient blades.
Learning goals – Using the surfacing tools in Solid Edge to create precise blades.
Why is this important? – Fine tuning the shape of turbine blades will produce the most efficient turbines. 

Blade manufacture
Description – expands the 3D printing from the intro into CNC machining.
Learning goals – Develop an understanding of CNC and how to use it to manufacture turbine blades.
Why is this important? – Very accurate turbine blades can be manufactured using CNC machining.
Using turbine output
Description – The output from turbines can be used in several ways.
Learning goals – Awareness of how turbine output can be used including from efficient small turbines.
Why is this important? – Even small turbines can reduce our reliance on fossil fuels and make a contribution to cutting the production of greenhouse gasses.

Aerofoil sections
Description – Selecting appropriate aerofoil sections are central to turbine efficiency.
Learning goals – Select aerofoil sections based on an understanding of how they work.
Why is this important? – Efficient profiles produce maximum power and a clear understanding of how blades work is crucial to making informed decisions.

Modelling blades with taper
Description – Tapered blades reduce drag making turbines more efficient.
Learning goals – Understand how tapered blades balance drag reduction with reduced output.
Why is this important? – Design is a trade off as in this case where students must balance drag reduction with reduced output.

Wind theory
Description – Explored apparent wind angle and the need to vary pitch along the blades.
Learning goals – develop an understanding of apparent wind and changing the pitch to accommodate this.
Why is this important? – Blade pitch must match the direction of the wind to maximise efficiency.


[bookmark: _Toc466973155]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. 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. 
Concepts or techniques that apply specifically to wind turbines have detailed step-by-step instructions. 
[bookmark: _Toc466973156]Target audience
Students age 14-18 (KS4-5) working individually on extended project work.
[bookmark: _Toc461006162][bookmark: _Toc466973157]Teacher/mentor pre-requisites
· Greenpower steering wheel
· Wind Power - Introduction
[bookmark: _Toc461006163][bookmark: _Toc466973158]Student pre-requisites
· Wind Power - Introduction
[bookmark: _Toc466973159]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: _Toc466973160]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 

	
	


[bookmark: _Toc466973161]CAD models
Additional Solid edge models have been introduced to those covered in the introductory wind power tutorial.  The complete set of files can be downloaded from the following 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: _Toc466973162]Turbine output – reference
	To judge whether the design changes you make lead to improvements, a baseline output from the generator is needed.
The parallel aerofoil design was the culmination of the introductory wind power tutorial and is ideal for establishing a baseline output to measure improvements.
Blade_foil_parallel.par
Make sure the blades are set to the pitch that gave the highest output found in your tests from the introduction to wind power tutorial.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML2d516640.PNG]


	
Run a test and compare the output with the results from your tests in the introductory wind power tutorial.
Designing and conducting tests that provide reliable data is very important. 
A meticulous approach to recording and controlling variables is essential in obtaining data that designers and engineers can use with confidence.  Reliable performance data is the foundation of product improvement.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML2d239d8c.PNG]



[bookmark: _Toc460830174][bookmark: _Toc466973163][bookmark: _Toc459310127][bookmark: _Toc459310125]Blades from folded sheet
	[bookmark: _Toc460830175][bookmark: _Toc466973164]Sheet blades - overview

	Simple aerofoil shapes have a single curvature top surface and flat underside so are easily modelled using the sheet metal tools in Siemens Solid Edge.
The Solid Edge model can then be flattened and a drawing created.
[image: ]
The drawings, printed full scale, can then be cut out, folded and glued to form a turbine blade.
[image: ]

	[image: ]


	A 3D printed blade root has been created for mounting folded sheet blades.
[image: ]
Make sure strong adhesive is used between the blade root and the cardboard blade.
	[image: ]




Hands-on – Follow the link below and complete the Siemens sheet metal tutorial for Solid Edge.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/sessash/index.html?goto=xid602586.htm 
The tasks that follows will show you how to modify a folded sheet material wind turbine blade.

Going further – The sheet metal tools in Siemens Solid Edge were explained in the Greenpower Formula 24 kit-car Solid Edge body tutorial which can be downloaded from www.siemens.com/plm/academic/greenpower  or directly by clicking here.  Working through the tutorial at the link below will help you become more confident using Siemens Solid Edge.
	Task - Modify a folded blade
1. Open the part Turbine_blades_sheet_foil.asm
In Pathfinder, expand the entry for Blade_sheet_foil.asm:1.
Click to select Blade_sheet.psm:1 and, in the floating menu, click Edit in place [image: ].
In Pathfinder, select the entry Contour Flange 1 and, in the floating menu, select [image: ]  Edit profile.
Sketcher will open displaying the geometry used to create the feature. 
	[image: ]


	Make changes to the dimensions then click [image: ] to close the sketch.
Note: If you intend to use the blade root we have provided, do not alter the 8mm diameter construction circle.
	[image: ]

	Flatten model
There is a flatten feature in the model tree but it is currently supressed.
If you hover the mouse over the feature to do try to right click on the feature Flatten 2 you will see a message telling you the feature is currently hidden and, if you right click, the Unsuppress option is greyed out.
To unsupress the flatten feature we need to return to the assembly and Open the part. 
Click [image: ] to finish editing the part and return to the assembly.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML15b17db9.PNG]


	In Pathfinder right click on Blade_sheet.psm:1 and, from the floating menu, select Open.
In Pathfinder, right click on the entry 
[image: ] [image: ] Flatten 2 and, from the floating menu, select GoTo to unhide the feature.
In Pathfinder, right click on the entry 
[image: ] [image: ] Flatten 2 and, from the floating menu, click Unsuppress.

The model will display with the aerofoil flattened.
	[image: ]


	Update drawing
To create a drawing of a flattened shape, the 3D model is saved ‘flattened’ and this model used to create a drawing.
If you want to use the drawing to make a turbine blade, make sure the scale set to 1:1 before printing.  
	[image: ]


	Print flat shape
Check if your printer will accept card or thin board which can then be used to make turbine blades for indoor testing. Alternatively, a paper template can be used to cut blades from thicker card or thermoplastic sheet.

	[image: http://mindsetsonline.co.uk/ProductImages/ProductDetailMain/231-206_DetailMain.jpg]
http://www.mindsetsonline.co.uk/


	Fold and attach to the blade root.
The flat net can then be formed around a tube before bonding to the blade root.
	[image: ]



[bookmark: _Toc466973165]Energy hitting the blades
Comparing traditional water lifting turbines with modern electricity generating turbines poses the question “why aren’t there more blades on a modern wind turbine?”.
	[image: ]

	[image: ]

	Water lifting windmills typicalyl have 12 or more blades that almost fill the swept area.
Lifting water mrechanically requires high torque, low speed operation and the blades are optimised for this.
This type of windmill typically captures 4-8% of the wind power.
	Modern electricity generating turbines have three slender blades.
Generating electricity requires low torque but high RPM and the blades are designed to be most efficient in this scenario.
Wind turbines typically extract around 40% of the power in the wind.

	Refer to the section in the introduction to wind turbines on Betz law as a reminder of the maximum efficiency possible with wind turbines.



[bookmark: _Toc466973166]Blade shadow
	It may help to understand the operation of wind turbines by looking at the shadow cast by the turbine blades. From the introductory guide, you will be familiar with this Siemens turbine.

	


If we measure the shadow cast by one of the blades we get 885 m2 and multiplied by three blades we get:
Shadow of blades = 2655 m2.
So, the percentage of the swept area occupied by the blades is:
 x 100


 
	[image: ]

	How can this be?  From the introductory tutorial we already know turbines similar to this are 43% efficient. The answer can be found in the movement of the blades.

	[image: ]

	[image: ]

	If the blades were still, the wind shown here would impact on the blade. 

	In practice, the blades are rotating creating a much larger area in contact with the blades.

	[bookmark: _Toc466973167]Shadow analysis

	Follow the instructions below to carry out a shadow analysis using Siemens Solid Edge.
1. Use Solid Edge to open the model: Turbine_blades_aero_taper_twist.asm
1. Create a new drawing from the model and place a view looking from the front of the turbine.

	[image: ]


	Create a new sketch and draw a circle centred on the hub, around the blades.
In the Inspect ribbon, select [image: ] Area and click inside the circle.
Make a note of the highlighted value.
	[image: ]

	Create a second sketch and trace around one of the blades.
Use the [image: ] Area tool to measure the traced shape.
Calculate the percentage of the swept area occupied by the blades.



	[image: ]


	The results from testing this blade setup should provide an output greater than 10% of the total power in the wind.



[bookmark: _Toc466973168]Wind theory
	[bookmark: _Toc466973169]Apparent wind angle
Consider a wind turbine with simple aerofoil blades that are stationary.
The view on the right is looking from above the turbine with the blade vertical.  
The angle of attack between the blade chord and the wind is the same from root to tip. 
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When the blades are rotating, the root of the blade describes a small circle so has a low speed. 

Adding the blade speed vector for the root of the blade changes the angle of attack by a small amount compared with when the blade was stationary.
	[image: ]APPARENT WIND
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The tip of the blade has a much larger blade speed vector so the angle of attack is much smaller.

With this much shallower angle of attack, the tip of the blade will not be operating efficiently.
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Twisting the blade keeps the angle of attack relative to the apparent wind direction constant throughout its length.
	[image: ]



[bookmark: _Toc466973170]Modelling blades with twist
	The simplest method of creating a blade with constant twist is by lofting between two sketches.
	[image: ]



Solid Edge tutorial: If you need to learn about creating a loft protrusion follow the link below.
https://docs.plm.automation.siemens.com/data_services/resources/se/latest/se_help/en_US/selfPacedExt/xid1012418/index.html?goto=bf_ex03_002.htm 

	Overview 
The instructions below explain how a turbine blade with twist was created using a loft protrusion.

	1. Open the model Blade_foil_twist.par

	[image: ]


	1. In Pathfinder locate the sketch Root section, select it then click and [image: ] Edit Profile.
The chord line was created first passing through the centre of the blade root to allow pitch to be set accurately.
The aerofoil outline was created with arcs and one straight line, 30mm long creating the underside of the aerofoil.
Close the sketch.
	[image: ]


	1. Repeat the above process to view the Tip section sketch. 
The geometry is the same as the root section with the addition of an angle dimension of 15o. This is used to control the amount of twist between the two sections.
	[image: ]


	Pitch index
	

	As blades become more complex it is increasingly difficult to find a reference for setting the blade pitch.  To facilitate this an index arrow has been added to most of the blade models supplied in this tutorial.
1. Edit the sketch Pitch index to see how the geometry was constructed.
The lower line in the sketch is collinear with the aerofoil chord and this edge is when setting the pitch angle of blades.  
	[image: ]


	

This image shows how the pitch index, coloured yellow here for clarity, is used to set the blade pitch.
	[image: ]



[bookmark: _Toc466973171]Reducing drag
	Aerodynamics studies how air flows around objects and drag is the term used to describe the forces acting in the opposite direction to the movement of the object.
There are two different types of drag; pressure drag and skin friction.
	[image: ]AIRFLOW
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	Pressure drag SMALL FRONTAL AREA

is directly influenced by the frontal area.  
Think of this as the hole the object is making in the air and the smaller the hole the better.LARGE FRONTAL AREA

	[image: ]
[image: ]


	Skin friction 
This is directly linked to the surface finish which is why engineers go to a lot of trouble creating a very smooth surface. Even dirt will interfere with the flow or air so special coatings are sometimes used that repel dirt.  It can be tricky cleaning turbine blades!
	[image: ]


	The term laminar flow is used to describe a smooth airflow that remains attached to the surface.
	[image: ]


	When airflow can no longer remain in contact with the surface, turbulence is created which causes a great deal of drag.
Drag increases by the square of the speed so avoiding drag is very important.
	[image: ]Airflow separates causing turbulence and drag



	Vortex generators
In some conditions, generating a small amount of turbulence before the airflow separates will reduce overall drag.
These are called vortex generators and help maintain smooth airflow.
http://www.siemens.com/innovation/en/home/research-topics/wind-power.html
	[image: ]




	Aerofoil sections are optimised for smooth airflow around the object. 
Because the blade tips are travelling fastest, they create the most drag and reducing the cross section towards the tip helps reduce drag.
The link below has a video called Aerodynamic design which talks about the shape of turbine blades.
http://www.siemens.com/global/en/home/markets/wind/turbines/technology/blades.html
Tapered blades have the added benefit of reducing loads near the hub.
	[image: ]



[bookmark: _Toc466973172]Modelling blades with taper
	A simple way of tapering the blade is by reducing the size of the tip sketch.

	1. Open the file Blade_foil_twist_taper.par
1. Rotate the model to get a clear idea of the blade shape.
1. Use [image: ] Edit profile to see how the Tip_profile sketch was constructed and tilted relative to the Root_profile.
	[image: ]


	You may have noticed the sketch geometry is fully constrained (black lines) and dimensions are different colours. Blue dimensions are unlocked and can be changed. Red dimensions can be changed but are also constrained. Formulas in the variables list have been used to scale the tip sketch making it easier to try out design changes.

	In the Tools ribbon, click [image: ] Variables to open the variables list.

	[image: ]


	Click on a line with a formula and the dimension will be highlighted in the model.
Double click in the value cell for dimension V1470, the base length on the tip profile.
Change the value to 20 mm and press Enter.
The model will update with the formulas maintaining the correct scaling of other elements in the sketch. 
Close the Variables list.


	[bookmark: _Toc466973173]Intermediate sketch
If you need more control over the blade shape intermediate sketches can be added.

	[image: ]



[bookmark: _Toc466973174]Aerofoil sections
[bookmark: _Toc466973175]History
	A great deal of research on aerofoil sections exists and much of the information is freely available on the internet.
Invented in 1922 by Virginius E Clark, the Clark Y aerofoil is one of the most commonly used wing sections for low to medium speed flight.
[image: ]


	Early in the 20th Century the US government sponsored aerodynamic research including aerofoils and the results were published by the National Advisory Committee on Aeronautics (NACA). 
NACA profiles have been used extensively in civilian, military and model aircraft.
NACA developed a mathematical method of plotting wing shapes based on key parameters. The illustration below is the NACA 2412 shape in their four digit series where the digits stand for:
2412
12	Percent ratio between thickness and chord.
4	Location of maximum camber – 0.4 of the chord length from the leading edge.
2	Maximum value for camber = 2%

	[image: ]
	Profile created using Airfoil Tools - http://airfoiltools.com/ 
The tables produced by third party software may need to be formated to work with Soild Edge.  This is explained later in this section.


	[bookmark: _Toc466973176]Drawing profiles from coordinate data
Siemens Solid Edge provides powerful tools for creating sketch lines from a table of coordinates.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML360b9c52.PNG]

	[image: ]


	[bookmark: _Toc466973177]Curve by table command
For an overview of the curve by table command follow this link:
https://docs.plm.automation.siemens.com/data_services/resources/se/latest/se_help/en_US/selfPacedExt/xid1012434/index.html?goto=curvtbl1c.htm

	Data from the web 
It is important to check the coordinates you get from the web. You should glance down the numbers to check they ‘make sense’.  Solid Edge expects to start in one location and increment around to finish adjacent to the starting point. 
Some online aerofoil generators draw the top surface outline first and then the bottom outline both starting at the front and finishing at the trailing edge, effectively drawing two separate splines. If this is the case with your coordinates you will need to reverse one set of numbers.
	[image: ]



[image: ]

	Table
1. Open the Excel file Clark_Y_hi_res.xlsx
Only the first three columns are read by Solid Edge and must contain valid x, y, z coordinates.  Although the sketch only requires values for x and y, there are no z coordinates you will need to add zeros in column 3.
Column headings are not allowed.



[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML37612d1d.PNG]
Columns J and K contain the data obtained from the web. 
Column L was added and zeros entered.
Cell H1 contains a scale factor. The scale value 30 increases the 0-1 range in the original data creating an aerofoil 0-30 mm in length.
Cell H2 contains a value shifting the coordinates horizontally 10 mm to the left locating the profile a third of the way across the blade root.
Cell H3 provides the option of entering a vertical shift which isn’t used in this example.
Columns E-F contain formulas applying the scaling and x,y shift.
Solid Edge won’t allow formulas in cells so columns E-F must be copied and the Paste Special command using the Values option into columns A-C. 
Solid Edge will read the numerical values in columns A-C until it reaches empty or non-numerical values.
	1. Make sure Excel is not running.
1. Create a new metric part
In the Surfacing ribbon, Curves group, Keypoint drop-down, click [image: ] Curve by table.
In the Insert object dialog click Browse to locate the Excel file then click OK.
The curve will be drawn on the TOP base reference plane which uses x,y coordinates.
In the Command bar click [image: ] Curve by table – Parameters step.
	[image: ]


	In the dialog select Smoothing on and Closed for the end condition.
Experiment with the value for Smoothing Tolerance, each time clicking Apply, to see the effect until you get an acceptable curve.
Click OK to complete the command.

	
Extrude the profile to create a solid aerofoil.
	[image: ]




[bookmark: _Toc460830177]
[bookmark: _Toc466973178]Surfacing turbine blades
	The shape of commercial wind turbine blades Is much more complex than the ones covered up to now.
If you want to experiment with more complex shapes like the one on the right, the surfacing tools in Siemens Solid Edge will allow you to do that.
Blade_surface.par
The tutorials linked below introduce the surfacing tools in Solid Edge and how they can be applied to the Greenpower electric car competition.
[bookmark: _Toc466973179]Siemens surfacing tutorial.
[image: ]https://docs.plm.automation.siemens.com/tdoc/se/
108/help/#search:page=1;rpp=10;query=surfacing

[bookmark: _Toc466973180]Siemens Greenpower surfacing tutorial.
[image: ]
https://www.plm.automation.siemens.com/en_gb/
academic/projects-competitions/greenpower.shtml
	[image: ][image: ]



[bookmark: _Toc466973181]Blade manufacture
	In the introductory wind power guide, you learned about the design and manufacture of small scale wind turbine blades using 3D printers.
	[image: ]

	The time may come when full scale turbine blades are 3D printed but, for the moment, most commercial blades are made by hand in moulds from glass reinforced polyester resin (GRP).
Use the link below and learn how some of the biggest wind turbine blades in the world are manufactured.
http://www.siemens.com/innovation/en/
home/research-topics/wind-power.html 
	[image: http://www.siemens.co.uk/pool/news_press/news_archive/2014/siemens-blade-factory276.jpg]


	[bookmark: _Toc466973182]CNC machining
Although GRP could be used for small scale turbine blades, the stresses involved don’t warrant the cost and time investment.
Many secondary schools have CNC machinery and high speed routers are ideal for machining highly accurate turbine blades.
http://www.boxford.co.uk/equipment/cad-cam-cnc/routers/ 

	[image: ]




	External frame
Blades can be machined on even basic CNC millers or routers.
A rectangular frame is added to the Solid Edge model of a blade with enough clearance for a roughing cutter to pass around all sides.  
Small protrusions connect the blade at the tip and root. These are cut off after machining.
	[image: ]




	It is important to use fences/jigs to ensure accurate location after flipping the frame.


	Rotary attachment
If a fourth axis or rotary indexer is available, blades can be machined without a frame.
Cleaning up the ends held in the chucks is the only manual shaping needed after machining.
[image: ]
	[image: ]




	Post processing
Your CNC mill/router will have its own post processing software. Here we will show Boxford’s 3D GeoCAM which is designed specifically for schools and colleges.
Opening a file
1. In the File menu select Open.
1. Browse to your STL file, select and click Open

	[image: ]


	Your model is displayed along with dimensions.
Make a note of these dimensions.
The blue surface represents a horizontal plane at the lowest limit of cutting.  Clearly the direction/model will need changing in the next screen.
Click Next.

	[image: ]


	Select the direction which places the model in the correct orientation.
The model is 20mm thick and we want to machine more than half way.
Drag the slider to set the depth of cut to 5mm (from the bottom of the model).  
Click Next
	[image: ]

	Type in sizes for the block of material.  
The block should be at least a cutter diameter larger than the model size (listed in the dialog) on all four sides.
Note: if you changed the direction the length on the model properties may not match with length in the material size. 
It is easy to change the numbers around until the material matches the model orientation.
Click Next.
	[image: ]


	
In the Model resize dialog make sure the Percent value is set to 100%.
Click Next.
	[image: ]


	
Accept the default values for Model workshift x and y and use the slider to set z to zero.
Click Next. 
	[image: ]


	Select the tools for roughing and finishing cuts.  
In this example we are using a 6mm diameter long reach ball nose cutter for both.
Note: With such a large diameter cutter, any internal radii less then 3mm will not be fully machined.
The roughing and Finishing % refer to tool stepover/stepdown.  90% roughing will remove material quickly.  !0% will leave a fairly smooth finish.  Reduce the stepover for a finer finish but machining will take longer.
Click Next.
	[image: ]


	
Accept the default allowances 
1mm will be left on after the roughing cut and zero after the finishing cut. 

Click Next.
	[image: ]


	
Remove the tick/check mark for Rough Entire material.
The Rough entire material option removes material around the model which would cut into the jaws holding the ends of the material.
Click Next.
	[image: ]


	Accept the defaults for roughing.
Roughing is an essential process in removing most of the waste material before the finishing cut.
Choosing Offset waterline or Raster cutting will depend on the shape of the model.
Rest roughing removes spurs of material using the finishing cutter and only applies when different size roughing/finishing cutters are used. 
Click Next.
	[image: ]


	
Finishing options control how the final cut is done and in this case is left as defaults.
The choice of finishing strategy depends on the shape of the object, the material properties and quality of finish required.

Click Next.
	[image: ]


	In the Tool paths dialog click Compute.
The software will use the settings you have chosen to calculate the toolpaths and involves a lot of complex 3D coordinate geometry calculations so may take a little while…
Once the calculations are complete you should be able to simulate the cutting process.
This is a very important step as the software checks for collisions between the cutter/chuck with the workpiece.
Check the finish is what you require then click Next.
	[image: ]


	Choose the machine you will be using and click Save.
Complete the dialog and click Save.
Open the file in the CNC machine control software, run a final simulation and then machine this side of the turbine blade.

	Turn the half machined blank over.
Run 3D GeoCAM again choosing the opposite direction for machining.

	[image: ]
	[image: ]



Going further – Follow the link below to learn more about manufacturing Solid Edge models using Boxford’s state of the art CNC equipment designed specifically for schools and colleges. 
http://www.boxford.co.uk/ 

[bookmark: _Toc462591548][bookmark: _Toc466973183]Using turbine output
	The output from a turbine can be used directly but the variable nature of winds means this type of use is confined to tasks such as driving pumps where it isn’t critical when the pumping occurs.

	Many power companies allow turbine owners to connect their turbines to the electricity network and sell surplus electricity to them encouraging this with financial incentives. 
	[image: ]

	In the UK these are called feed in tariffs (FIT) and, at the time of writing (October 2016), the tariff for wind energy was around 8p per KW hour.  The cost of buying electricity can be as low as 5p/KWh making it better to sell wind power to the grid and buy it back when needed.  The document tariff_tables_july_2016.pdf lists the official UK feed in tariffs for different types of renewable energy.

	Storing the turbine output in batteries avoids the need to connect to the local power grid and allows the power to be used when needed rather than when the wind is blowing.  
Batteries add significant cost to the installation and must be factored into the economics of ownership.

	[image: ]
https://www.tesla.com/


	
Elon Musk, owner of many high-tech companies including Tesla, is building a gigafactory to manufacture batteries for many applications including automotive and storage of electricity in the home with their Powerwall.
	[image: ]


	Small turbines that students create in schools can be efficient enough, with simple circuitry, to charge small electrical devices like mobile phones.
In this YouTube video school pupils in India explain how they created a wind turbine powered mobile phone charger.
https://www.youtube.com/watch?v=rmOwGI8tPAc
	[image: ]


	Note: A control circuit should always be used when charging batteries or electrical devices containing batteries.  
Warning: Failure to properly control the rate of charging can damage batteries or circuits and even cause equipment to catch fire!





[bookmark: _Toc466973184]Extensions
Many other factors may impact on the efficiency of wind turbines air density, temperature, altitude, wind gusts, etc. These are some of the things you might choose to research further. 
Going further - Visit the link below and experiment with the simulation ‘How a wind turbine works’.
http://www.ewea.org/wind-energy-basics/how-a-wind-turbine-works/ 
(Offline alternative - EWEA-HaWTW.zip
What effect does altitude have on output from a wind turbine?  
Can you explain why this happens?

Once you have an efficient working model turbine there are a number of refinements you could make including.
[bookmark: _Toc466973185]Gearing systems
	The model turbine design provided in this tutorial and most of the kits you can buy for use in schools have a simple pair of spur gears increasing the speed of rotation of the generator.
The spur gears in the parts supplied with this guide have 38 and 13 teeth.
This corresponds to a ratio of 1:2.9 which may seem an odd ratio to choose.



	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML4ba8e07e.PNG]


	Gears with simple ratios like 1:2, 1:3, etc. are usually avoided because one tooth on the small gear meshes with the same teeth on the large gear on each revolution.
In this diagram the ratio is exactly 1:2 and the tooth coloured red meshes in the same two places on the large gear. 
Any damage on a tooth will be magnified on the three surfaces that constantly engage.
It is much better to have an odd ratio so that wear evens out across all teeth.
	[image: ]


	Spur gears place the generator below the hub where it creates an obstruction to the wind.

	Internal gears move the generator higher up, behind the hub and out of the airflow.
This arrangement creates a more compact arrangement.

[image: ]
Gears_internal.asm
You may have noticed the spindle would interfere with the motor. Increasing the number of teeth on the ring gear would move the motor down far enough for the spindle to clear the top of the generator.
	[image: ]
Turbine_head.asm


	Commercial turbines place the generator in line with the axis of the blades using a planetary gearbox.
[image: Planetary gear]
http://www.instructables.com/id/Planetary-Gear/

	[image: http://www.windpowerengineering.com/wp-content/uploads/2015/09/Siemens-totm.jpg]





	[bookmark: _Toc466973186]Flexible blades
Siemens has made significant improvements to their turbines developing flexible blades. Just like natural forms, structures must flex to accommodate the forces acting on them.
Flexibility in blades allows structures to be lighter and the change in shape can be designed to spill wind gusts and during extreme weather.
At the link below read how Siemens engineers are making use aerolastic blades: Growing in size to extract more power to learn how.
	[image: ]


http://www.siemens.com/innovation/en/home/research-topics/wind-power.html 

[bookmark: _Toc460830179][bookmark: _Toc466973187]Variable pitch operation
	There are three main reasons why engineers design turbines where the blades can be rotated to change the pitch.

	Turbines are designed for winds up to a certain speed. Above this speed the forces could damage the turbine so blades are turned to reduce the rotational speed. 
The video in this link shows a turbine which is running out of control.  Eventually the blades break, cutting the tower and destroying the turbine.
https://www.youtube.com/watch?v=CqEccgR0q-o 

	[image: ]


	In very strong winds the blades can be turned disturbing airflow over the aerofoil until there is no turning force and the blades remain stationary.
Blade pitch motor

	[image: ]
http://www.sickinsight-online.com/


	Changing the pitch of the blades can also optimise energy capture for different wind speeds.


	
Instead of rotating the entire blade, some wind turbines rotate only the blade tips to stop them turning.
	[image: Blade_tip_twist]
http://www.energyworks.gr




	[bookmark: _Toc460830180][bookmark: _Toc466973188]Spindle brake

	At medium wind speeds the turbine can still be allowed to operate but a method of limiting or governing the rotation is needed to prevent the blades from over speeding.
This is done using a brake on the spindle controlled by sensors and electronic controllers.
	[image: ]Spindle 
brake

http://www.sickinsight-online.com/

	[bookmark: _Toc460830181][bookmark: _Toc466973189]Spindle lock
A spindle lock is essential to prevent the blades, gears and generator from moving while the turbine is being serviced or repaired.



	[bookmark: _Toc460830178][bookmark: _Toc466973190]Rotating nacelles

	Horizontal axis wind turbines must rotate to keep the blades facing the wind requiring a cap that can yaw through a vertical axis.
A large bearing is needed plus a method of rotating the cap.
[image: ]

	[image: ]Yaw axis


	In large turbines, the cap is mechanically driven with one or more yaw motors.  
Sensors detect wind direction with the signal sent to an electronic controller which operates the motors rotating the turbine cap.
This picture shows the frame that sits on top of the tower in a large Siemens turbine and the eight yaw motors.
	[image: ]Yaw motors


	In small turbines, the cap is often turned using a fan tail.
The tail can also be used to turn the blades sideways in high winds to prevent over speeding.  In the video linked below the furling action is spring-loaded.
https://www.youtube.com/watch?v
=lKhe8BxkRnU
Furling is a sailing term and refers to reducing sail area in high winds.

	[image: ]


	[bookmark: _Toc466973191]Electrical contacts

	If the cap rotates how is the power transferred from the generator in the cap down the tower?
This could be done with slip ring connections between the cap and the tower. This would work well on small, low voltage turbines but becomes more complex with significant safety issues on large turbines where the voltages are much higher. 
	[image: C:\Users\TimB\AppData\Local\Microsoft\Windows\INetCacheContent.Word\three-phase-slip-ring-for-wind-turbine.jpg]
REUK.co.uk


	A simpler alternative and one used on most commercial turbines is to have the connecting cables hanging in a large loop inside the tower.
On a long loop, a small number of twists has no detrimental effect to the cables. 
Software keeps track of the twists and uses the yaw motors in the nacelle to ‘unwind’ the cables during calm winds.
www.renewablesinternational.net

	[image: ]


	International standards exist regulating how many twists different types of cable will tolerate and the number of cycles (how many times they are twisted/untwisted) before they must be inspected or replaced.



[bookmark: _Toc460830182][bookmark: _Toc466973192]Support towers
	Have you ever wondered why there is so much space below the tips of rotating turbine blades?
Maybe it’s to keep the people, animals and structures beneath them safe. If this was the reason, surely they could be shorter?
Even small turbines often have very tall towers.

	[image: ]


	The real reason for the height of towers is friction between the air and the ground.
Similar to skin friction over an aerofoil, this slows the wind close to the ground.



	TURBULENCE
WIND SPEED INCREASES WITH HEIGHT


	To take advantage of higher winds aloft, turbine designers create the tallest towers that are practical.  
In low wind regions hybrid towers have a framework lower section and tubular tower on top to place the turbine blades as high as possible.
http://www.suzlon.com/products/S97 
	[image: ]


	Maintenance access

	All towers have ladder access for maintenance crews.
With turbines getting bigger some now have hoists or lifts.
In your designs make sure you leave space for maintenance and safe access.
The video linked below explains much more about servicing offshore wind turbines.
http://www.energy.siemens.com/hq/en/
renewable-energy/wind-power/services/
	[image: ]



Transport and construction
	As wind turbines get larger, transporting the components becomes more difficult. 
Towers and electro-mechanical systems can be transported in sections and assembled on site but blades have to be made in one piece to avoid the additional weight of joints.  
The longest blades are 75 metres long and are mostly installed offshore where size is less of a problem.
	[image: ]


	
Large turbines can be installed on land but the logistics of moving blades must be carefully planned.  
The link below explains how 75-metre-long blades travelled from Esbjerg in Denmark to China.
http://w1.siemens.com.cn/news_en/
frontier_technology_en/2303.aspx
	[image: ]

	Regional networks

	The global headquarters for Siemens wind power operations is located in Denmark with additional sites supporting regions with high concentrations of wind power.
Siemens is spending £160 million building a wind power manufacture and service centre in Hull in the UK. 
Learn more at the link below.
http://www.siemens.co.uk/en/wind/hull.htm 
	[image: http://www.siemens.co.uk/pool/news_press/news_archive/2014/hull-wind-turbine-manufacturing-and-assembly276.jpg]

	Laura Emms is one of the first engineers to start working for Siemens at the new site in Hull, UK.
Follow the link below to find out how Laura became interested in engineering, her route through education and how she came to work for Siemens Wind Power in the UK.
	[image: ]

	http://www.siemens.co.uk/careers/en/index/apprenticeships/ourapprentices/wind-power-apprentice-laura-emms.htm 



[bookmark: _Toc466973193]Types of wind turbine
	Horizontal axis
The wind turbines studied so far have blades that rotate on a horizontal axis.

Another class of wind turbines has blades rotating on a vertical axis.
 
	[image: ]



	Vertical axis
The simplest example of a vertical axis turbine is the cup shaped set of blades on anemometers.  The rotating cups are used to capture the wind.  
Based on the drag principle, blades like this rotate at a relatively slow speed.
	[image: ]




	Savonius
One of the simplest vertical axis turbines can be made by cutting a large oil drum in half, offsetting them and welding them back together.
Named after Finnish engineer Sigurd Johannes Savonius, the Savonius rotor produces good torque but slow rotational speed so is better suited to pumping water than generating electricity.
	[image: ]




	Darrieus 
Probably the most distinctive of all vertical axis turbines the Darrieus turbine has curved aerofoil section blades.
Darrieus turbines have either two or three blades with generation equipment located at the base allowing a very light structure. Guy wires from the top, anchored to the ground allow an even lighter structure as the central column only has to withstand compression forces.
This type of turbine is not self-starting and usually fitted with a starting motor controlled by wind speed sensors. 
	[image: ]COMPRESSION FORCES




	Helical
This is a variation on the Darrieus turbine. Helical blades spread the torque generated through the entire rotation reducing vibration.
This type of turbine can often be seen on the top of buildings.
Siting turbines on buildings has advantages for connecting to the electrical supply but noise and vibration can cause problems with occupants.  What type of buildings are less sensitive to noise and vibration?
	[image: ]


	
Follow the link below to learn about a vertical axis turbine developed in the UK using Siemens drive systems.
https://www.siemens.co.uk/en/news_press/
index/news_archive/2015/siemens-helps-make-vertical-axis-wind-turbine-a-reality.htm
	[image: https://www.siemens.co.uk/pool/news_press/news_archive/2015/4navitas-vawt-press-release.jpg]





[bookmark: _Toc466973194]Appendix one - Siemens curriculum
	[bookmark: _Toc463418309][bookmark: _Toc466973195]Wind turbine – An introduction
This booklet introduces the basic concepts of wind turbines and how they extract power from the wind.
Blade design is a key focus of these materials explaining key features and the contribution they make to improved efficiency.
Blade shapes are designed for manufacture using 3D printing.
Please visit the Solid Edge Educators webpage to download this resource.
http://www.plm.automation.siemens.com/en_us/academic/resources/solid-edge/educators/index.shtml 
	[image: ]

	[bookmark: _Toc466973196]Siemens Wind Power – Blowing in the wind

	Siemens have developed complimentary resources that help students understand some of the social and environmental considerations when choosing where to locate wind turbines.

http://www.siemens.co.uk/education/en/teachers/teaching-resources/schemes-of-work-ks3.htm
	[image: ]



Siemens has great webpages on Wind Energy:
http://www.siemens.com/global/en/home/markets/wind.html
http://www.energy.siemens.com/br/en/renewable-energy/wind-power/ 
	[bookmark: _Toc466973197]OCR - Cambridge Nationals in Engineering - A project approach to delivery

	Siemens partnered with the Oxford, Cambridge and RSA awarding body to develop a comprehensive guide to delivering level 1/2 qualifications in engineering.
Through innovative and creative projects based around energy, students apply core maths and science principles to practical, hands-on challenges. The materials are organised in four topics:
Powering the future – Principles in engineering and engineering business
Energy transformations – Engineering manufacture
Energy recovery – Engineering design
SMART homes – Systems and control engineering
http://www.siemens.co.uk/education/pool/home-page/pa_siemens_all_v6_print-by-siemens.pdf
	[image: ]
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