
Technical report
for Racing Aeolus 2024
About this report:
The goal of this report is to enable the race organizers to assess the safety of the concerned WPV and its compliance with the rules.

· This report should be brief and precise (drawings can help a lot). The maximum length of the report is 
16 pages. This does not include a cover page, table of content and annexes.
· If you participate with more than one vehicle, please create one report per car.
· If there are calculations with a safety factor of less than 1.5 you have to explain in detail the measures you took to ensure the safety of the car in case of a failure of the concerned parts.
· All units must be SI units. Non-SI units will not be accepted.
· The layout of this report may not be changed. Stick to the provided headlines! Keep it short and simple!
You are free to organize any annexes best suited to your needs.
· All information contained in this report will be handled confidentially. It will not be passed on to the innovation award panel.
· For every chapter there is a “same as last year?” question. This question helps the reader to better understand your report. Please note, that even if you answer the question with “yes” you still must provide all the required data in that section.
· Any text written in italic is for your information and describes what is expected in this section. You can regard this text like a question/task given in one of your exams. Please remove all italic text from your final report.
· Please remember to hand in your innovation poster, too. If you don’t hand in an innovation poster you will get zero points from the innovation award panel. 
· Please do not include this (first) page in your report.
This report must be sent as a PDF to rules@racingaeolus.org and board@racingaeolus.org by 23rd July 2024.
Technical report
for Racing Aeolus 2024

	Team name:
	

	Vehicle name:
	

	Three letter vehicle abbreviation:
	e.g. BTS, BTT, ETS, STR, DTE, DTM

	Country:
	

	University / Institution:
	

	Contact person:
	

	Contact person email:
	

	Team email:
	


General information
 1  General design description

This introduction should contain a general but very brief description on the WPV design including illustrations (photos/technical drawings/hand drawings…) of the whole car. Assume that you want to explain your car to someone with a WPV background. The following questions might help you get started. However please don’t just answer the questions, provide a short description and some illustrations. The general design description should not exceed this page.
· How many wheels?

· How many rotors?

· Rotor position?

· Mechanical or electrical?

· Energy storage?

 2  Dimensions
Fill out the tables below. No additional data needed in this section.

	Overall length:
	

	Overall width:
	

	Overall height:
	

	Car weight without driver:
	


	Track width front axle:
	

	Track width rear axle:
	

	Wheelbase:
	


	Number of rotors:
	
	
	

	Rotor 1 – Diameter:
	
	Rotor 2 – Diameter:
	

	Rotor 1 – Height of hub:
	
	Rotor 2 – Height of hub:
	

	Rotor 1 – Distance tower center to closest car axis:
	
	Rotor 2 – Distance tower center to closest car axis:
	


Same as last year? 
· YES/NO
 3  Mandatory testing

Provide the test evidence (description, photographs, results, etc.) as required in the rules (chapter 10) for the following mandatory tests:

Rotor net test

Test a sample of the exact material you intend to use for the rotor net with a weight of 60kg.

PASS/FAIL criteria: The material must not rip or fray.
	Rotor net material:
	


General information:
Description of test setup:

Photographs of test setup:

Test result:

Blade weighing

Weigh all the blades you intend to use for the race. Provide exact weights in grams (SI unit) for each individual blade.

	
	Weight [g]
	
	
	Weight [g]
	
	
	Weight [g]

	Blade #1
	
	
	Blade #6
	
	
	Blade #11
	

	Blade #2
	
	
	Blade #7
	
	
	Blade #12
	

	Blade #3
	
	
	Blade #8
	
	
	Blade #13
	

	Blade #4
	
	
	Blade #9
	
	
	Blade #14
	

	Blade #5
	
	
	Blade #10
	
	
	Blade #15
	


Blade bending test

Apply the forces calculated for your rotor drag to one of your rotor blades. The test specimen must be of identical material and design as the final product for race. The test specimen must be representative of the blades used for race.

Note: This can be easily done by horizontally fixing your blade at the default pitch angle and by hanging weights from the blade.

PASS/FAIL criteria: The blade must not break or delaminate. It must not bend beyond the clearance to the tower.

Description of test setup:

Photographs of test setup:

At what pitch angles did you do the bending test?
How close does your blade get to the tower at maximum deflection?
Test result:

Blade root connection pull test
Apply a pulling force on the blade root while holding the blade in place (as if you try to pull the root out of the blade). The force must be at least 1.5x the centrifugal force acting at the blade root while your rotor spins at maximum design speed (= when the ROPS activates). Use the heaviest weight measured in the blade weighing (see above) to calculate your critical centrifugal force. Do not use CAD weights! Mark and record the pre-test position of the blade root within the blade. Provide detail photographs of the blade root before and after testing.

PASS/FAIL criteria: The blade root must not disconnect from the blade or show any signs of deformation, cracks, elongation or even small movement from its pre-test position. The blade must not elongate beyond the blade tip to diffuser clearance.

Note: This test is not required for all-metal blades machined from one single piece.
Transition time: Teams that cannot perform the “blade root connection pull test” for the 2024 race can request a temporary exemption when providing sufficient analytical evidence. The request must be submitted alongside the analytical evidence in English via email to the email addresses listed in the introduction at least one month prior to the race. There will be no such exemptions for the 2025 race.
Description of test setup:

Photographs of test setup:

How close does your blade get to the diffuser at max. elongation?
Test result:

 4  Structural design

 4.1  Chassis & tower

Same as last year? 

· YES/NO
Frame/Chassis

	Frame material(s):
	

	Frame connection technique:
	eg.: bolted, screwed, welded


General information:

Short design description with some sketches/photographs explaining the frame/chassis and it’s design (e.g. space frame, monocoque, beams etc.). Please describe in detail how the individual parts of the frame are connected to each other (bolts, screws, welding etc.).

Tower
	Tower material(s):
	

	Tower outside diameter:
	

	Tower inside diameter:
	

	Max. expected wach number:
	

	Max. expected inflow velocity:
	


General information:

Short design description with some sketches/photographs explaining the tower design. Please describe in detail how the tower is connected to the frame/chassis and how the wind loads acting on the rotor are transferred to the frame/chassis. Also describe how you calculated/verified the loads on your tower and how big those loads are.

Imagine a strong gust hitting your car while you are driving at the maximum design driving speed. What failure modes could lead to the tower breaking?

Imagine you are driving at different driving speed. Varying gusts combined with the rotor rotation inject vibrations into the tower. How will it react? Can the natural frequencies of the tower provide any issues?
 4.2  Rotor nacelle

Same as last year? 

· YES/NO
Describe the design of your rotor nacelle (the top of the tower) with some sketches/photographs. Describe the materials used, how it is connected to the tower and to the diffuser. How did you calculate the loads acting on the nacelle from the rotor and the diffuser? How are those loads transferred? How big are those loads and what are your safety factors?

 4.3  Diffuser

Same as last year? 

· YES/NO
Describe the design and manufacturing of your diffuser. Include some sketches/photographs. Mention the material used and in case of a composite diffuser describe your layering (number of layers, weight, orientation etc.).

Describe in detail how your rotor net is fastened to the diffuser and how the diffuser is fastened to the nacelle/tower/…
Imagine one of your rotor blades ruptures at a high RPM. What will happen? How will this impact the diffuser? Can anyone get hurt?

Imagine you are driving at different driving speeds. Varying gusts combined with the rotor rotation inject vibrations into the diffuser. How will it react?

 4.4  Rotor hub

Same as last year? 

· YES/NO
Short design description with some sketches/photographs explaining the rotor hub design. Describe the materials used. Answer in detail:

· How are the forces from the rotor absorbed?

· How are the blades mounted?

· What failures can lead to the blade leaving the mounting?

· Stress in blade mount due to centrifugal force and safety factor?

· Stress in blade mount due to momentum by the rotor blade (wind pressure) and safety factor?

· Superposition of centrifugal forces and momentum for the blade mount and safety factors?

· Stress in blade mount due to momentum by the rotor blade (rotor brake) and safety factor?

· What part carries the wind load of the rotor? Also: Forces and safety factors.

· How does your pitch system work?

· What happens if your pitch system fails?

· How do you ensure all blades have the same pitch angle?

· Material of the rotor axle?

· Dimensions of the rotor axle?

· What type of bearings are used on the rotor axle? Which bearing carries what kind of load?

· Momentum and safety factors in the rotor axle due to rotor momentum and rapid braking?
· What relevant single failure modes are there? What is the effect of these failures?
 4.5  Rotor

Same as last year? 

· YES/NO
	Design RPM:
	

	Maximum RPM:
	

	First failure RPM:
	RPM at which the weakest part in the rotor/hub is expected to fail


General information:

Describe the design and manufacturing of your rotor blades. Mention the material used and in case of composite blades describe your layering (number of layers, weight, orientation etc.).
List the CG (center of gravity) for every blade you are bringing to the race. How did you determine the CG?
The individual blade weights are listed under mandatory testing above. How close are your blades in weight to each other? How did you balance your blades with regard to weight and CG? (Balancing your rotor blades is extremely important to reduce the vibrations induced by the rotor)
Describe in detail how your blade root is manufactured and how it is connected to the rotor blade. How is the centrifugal force and the blade bending momentum transferred to the blade root? (The blade root is the part connecting your rotor blades to the rotor hub)
How did you calculate the loads on your blades and blade root? What are your safety factors? State your centrifugal force, momentum by wind load and superposition of both. Also think about how rapid braking might put loads on your rotor blades.

 4.6  Flipping

Provide the parameters and results as described in the calculation handbook:
	Overall car weight without driver:
	

	Car weight + 65kg driver dummy:
	

	Load on each wheel (with dummy):
	

	Position of the center of gravity (with dummy):
	

	Car momentum of inertia (with dummy):
	

	Max. expected wach number:
	

	Max. expected inflow velocity:
	Windspeed + driving speed

	Drag momentum of rotor:
	

	Drag momentum diffusor (front):
	

	Drag momentum of both:
	

	Drag momentum of diffusor (sideways):
	

	Safety factor against flipping:
	


 5  Systems

 5.1  Brakes

Same as last year? 

· YES/NO
Vehicle brake

Describe your brake system and answer the following questions:

· Brake type (e.g. hydraulic disc, V brakes, drum brakes etc.)

· Max. brake momentum?
· How many brakes are there and where are they mounted?

· How are the brakes engaged?
Rotor brake
Describe your brake system and answer the following questions:

· Brake type (e.g. hydraulic disc, V brakes, drum brakes etc.)

· Max. brake momentum?
· How many brakes are there and where are they mounted?
If not on the rotor axle: How is the mounting position connected to the rotor axle?
· How are the brakes engaged?
· What is your secondary way of stopping the rotor in case the rotor brake fails (e.g. due to hydraulic leak, ripped Bowden cable etc.)?

ROPS

Describe your ROPS and answer the following questions:

· How does it work?

· How can it fail?

· How did you test it?

· How is it connected to the rotor axle? (The ROPS must be mounted on the rotor axle)
 5.2  Steering

Same as last year? 

· YES/NO
	Turning diameter:
	


General information:

Short design description with some sketches/photographs explaining the steering system. Mention the type of steering. Describe the forces acting in the steering system and the safety factors in case of a high velocity, tight turn. 

Think about your steering system and identify single points of failure. Describe them and their effects.
 5.3  Electrical

Same as last year? 

· YES/NO
This section is only necessary for an electrical system with more than 24V.
Provide details, explanations and calculations on your electrical system design. Answer the following questions:
· Type of electrical system and how does it work?

· How do you protect the driver from electric shock?

· How do you protect the team from electric shock?

· How do you protect bystanders from electric shock?

· How does your emergency off system work? (incl. schematics!)
 6  Drive train

Same as last year? 

· YES/NO
Short design description with some sketches/photographs explaining the drive train. Answer the following questions:

· How is the driver protected from moving parts?

· For electric WPVs: How did you ensure all wires are properly insulated?

· For electric WPVs: How does your grounding work?

· For electric WPVs: How do you prevent a motor runaway?
 7  Other rules

Check your car against all the rules to make sure you did not forget anything.
 8  Annex

If you think it helps understand your car, calculation, design etc. you can provide additional data, text, images, calculations etc. in the annex. Please note that your report must be understandable and complete without the annex. Please note that the organization committee might not have the time to read your entire annex.


