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	Boat design challenge - KS3 engineering

	
	
	

	Test the speed of different boat designs                                                         

	Subject(s):  Science, Design & Technology 
Approx time: 2 lessons 
	
	Key words / Topics: 
· aerodynamics

· speed

· resistance

· forces

· data handling

· testing models

	Suggested Learning Outcomes
	
	

	· To understand the importance of testing models and prototyping within the development of an idea 

· To understand the principles of hydrodynamic design 

· To be able to refine ideas in order to improve outcomes 

· To understand the need for streamlining in boat design 

· To be able to relate the shape of the hull to speed and the forces it needs to withstand for maximum efficiency 

· To apply scientific and mathematical understanding to an engineering context 

	Introduction
	
	

	The focus of this activity is on the principle of hydrodynamics (a similar set of principles to aerodynamics, but involving water). ‘Speedy boats’ will give the students the opportunity to test boat hull designs in a test tank. 

Through this process, students will learn the importance of applying relevant scientific and mathematical understanding when refining and developing an idea. 

The activity allows students to explore and develop their critical thinking and decision making skills through a practical approach. The experiment ensures a ‘fair’ set of results is produced. The success of their overall boat hull design is directly dependent upon how well they apply their knowledge and understanding across the disciplines. In addition, key learning points need to be reinforced through mathematics.

This activity is designed to be taught through science and design and technology simultaneously, as a cross-curricular project and ideal for use in a STEM Club. However, it can also be tackled independently from each subject. 

	
	
	

	Activity
	
	Teacher notes

	 [image: image18.jpg]


Explain the set up of the tank including the ‘standard weight’ and pulley system designed to ‘pull’ the boat. 
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  Use the Test Tank Set Up (Instructions)
Demonstrate the test tank by using a rectangular-shaped hull made from HIPs. This should have been made in advance using the vacuum former and a rectangular mould made from wood or MDF.
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  Use the Speedy Boats (Video Pack) to view the following files:
Video: Flat nose with weight (.avi) 

Video: V nose with weight (.avi) 

Discuss with the class why there is so much water displacement when using a flat nose hull compared to the V nose hull.

Video: Flat nose no weight (.avi) 

Video: V nose no weight (.avi) 

Set the challenge: 

‘Design and build a boat hull to travel along the test tank in the quickest time. 

The hull must be stable enough to carry a standard weight. All boats will be ‘pulled’ by a pulley system at the end of the test tank. 

There will be 2 opportunities to change the original boat shape to create the fastest boat.’
The students could carry out initial research into different hull shapes used for various types of boat, and they should produce an image board of hulls with annotations to explain why the shape of the hull is appropriate for the particular type of boat. The research findings should be applied directly to the next activity (Presenting Results from Speedy Boats). 

Types of boat hulls that could be researched include yachts, cruise ships, speed boats, fishing boats, container ships, and catamarans. 

Using  the basic mould , demonstrate how to vacuum form an object (or watch this clip): https://www.youtube.com/watch?v=hukafUxglmE  
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  Hand out the Speedy Boats (Worksheet)
Students to watch the vacuum formed hull produced from the basic V shape being tested and record the results of the tests (time taken, length of the guttering and the individual boats and a calculation of speed). 

Students to evaluate the design of simple V shaped hull and suggest improvements for design modifications. Then sketch their new design.

Make modifications as designed, vacuum form and test.

Fill in next row of worksheet, record time taken, and calculate speed. Evaluate design and suggest improvements.

They can then modify their design, clearly identifying why they have made changes from their first test.

Once the students have each had two chances to improve their design, the whole competition starts. 

Look closely at the winning boat hull design and identify the key factors that reduced resistance through the water.
	
	See the video and demo of how the test tank works
The pulley system and standard weight ensures consistency and, therefore, a fair set of results (this is further explained when watching the short video on how the test tank works). 
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  Download the Speedy Boats (Video Pack).
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 The Investigating Streamlined Shapes (Activity)
Is also a good related activity.
These both show the same comparison as above but with the weight removed. 
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 Depending on the time available, this could be skipped and the images from the What Makes a Fast Boat? (Activity) could be used instead.
If facilities not available (or for use within a science/maths lesson) this could be adapted to use a polystyrene boat that is not vacuum formed.

This only needs to be carried out once, as the results will be the same for all. 

The level of detail included and reasoning expected should be adapted to group (and focus of individual lesson)

Minor additions could be made using modelling clay (such as plasticine). If reshaping is required in a technology workshop, this may require the use of rasps and sanding facilities.

To assess learning have a mini presentation from each group explaining their design process and reasoning for the final modifications.

	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	Use polystyrene or similar for construction and not vacuum formed boat hulls.

Use time to compare boats. 

Include the more structured questions on the 

Speedy Boats (Worksheet).


	
	Design and use of more complex/asymmetrical hull designs, or designs that vary in three dimensions (rather than just two).

Introduce more project constraints i.e. cost (tools, materials, people time) weight it must hold etc

Discuss forces in more detail.


	
	
	

	Resources
	
	Required files                              [image: image7.png]
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	· Test Tank (the construction is a fairly simple activity and can be undertaken by your KS3 students (as an after school activity) or by a technician)

· Vacuum Former 

· High Impact Polystyrene/MDF or softwood blocks 

· Optionally, modelling clay 

· General Workshop Facilities 

· Stopwatch 

· Masses with a suitable holder 
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   Speedy Boats (Video Pack)
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  Test Tank Set Up (Instructions)
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  Speedy Boats (Worksheet)
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 What Makes a Fast Boat? (Presentation)

	
	
	

	Additional websites
	
	

	· Additional KS3 information on forces on boat and object and effect of streamlining: https://www.bbc.co.uk/bitesize/guides/zttfyrd/revision/4 

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options)

· FILM: Skeleton Bob

· ACTIVITY: Aerodynamic forces

· ACTIVITY: Aerodynamic design
· ACTIVITY: Aerodynamics Timeline 
· ACTIVITY: Streamlined shapes
Main (Options)

· ACTIVITY: What Makes a Fast Boat?
· ACTIVITY: CAD engineer
· ACTIVITY: Speedy Boats
· ACTIVITY: Presenting Speedy Boats results
· ACTIVITY: Energy transfer
· ACTIVITY: Renewable energy debate
	Extension (Options)

· ACTIVITY: Wind Tunnel Testing  
Plenary

· GAME: Science Friction

· Opportunities within activity for presentations, peer/self assessment

· Reflection on Objectives and PLTS skills used

	
	
	


	The Engineering Context    [image: image14.png]




	· The story Skeleton Bob

· How it works? The Concept
· Who makes it work?  Kristan Bromley
· Who makes it work?  Richard Bromley
· Who makes it work?  Dan Fleetcroft
· Who makes it work?  Shelley Rudman


	
	
	


	Curriculum links and PLTS

	England

Science 

· KS3 2a, 2b, 2c, 2d, 2e
Design & Technology 

· KS3 1e, 2a, 3c  
Mathematics 

· KS3 1a, 4a, 4d, 4l, 4o
GCSE

AQA Engineering

3.4.3 Aerodynamics
3.2.2 Material removal
3.2.2 Shaping

3.6 Practical engineering skills / Select and use a range of appropriate materials, parts, components, tools, equipment in order to manufacture a working solution

3.6 Practical engineering skills / Select and use appropriate processes in order to manufacture a working solution.

AQA Design and Technology

3.2.2 Forces and stresses / Materials can be enhanced to resist and work with forces and stresses to improve functionality
3.2.8 Specialist tools and processes / tools equipment and processes
3.3.4 Design strategies / explore and develop their own ideas

3.3.5 Communication of design ideas

3.3.6 Prototype development

3.3.10 Specialist tools and equipment

3.3.11 Specialist techniques and processes

Edexcel 9-1 Design and Technology

Component 1: 1.17.1, 1.17.2, 4.4.1, 4.4.2, 4.6.1, 4.7.1, 4.7.2, 4.7.3
Component 2: 1.1b, 1.2c, 2.1a, 2.2a, 2.2b, 2.2c, 2.3c, 2.3d, 2.3e, 2.4a, 3.1a, 3.1b, 3.1c, 3.2a, 4.1a, 4.1b, 4.1c
Eduqas 9-1 Design and Technology

Thermosetting and thermoforming plastics:
3. The impact of forces and stresses on materials and objects and the ways in which materials can be reinforced and stiffened
5. Alternative processes that can be used to manufacture products to different scales of production
6. Specialist techniques and processes that can be used to shape, fabricate, construct and assemble a high quality prototype, including techniques such as wastage, addition, deforming and reforming, as appropriate to the materials and/or components being used

2.2 Designing and making principles / Develop and apply core knowledge, understanding and skills:
5. Explore and develop their ideas, testing, critically analysing and evaluating their work in order to inform and refine their design decisions thus achieving improved outcomes.

8. Develop, communicate, record and justify design ideas, applying suitable techniques, for example: formal and informal 2D and 3D drawing; system and schematic diagrams; annotated sketches; exploded diagrams; models; presentations; written notes; working drawings; schedules; audio and visual recordings; mathematical modelling; computer-based tools.

9. Design and develop at least one prototype that responds to needs and/or wants and is fit for purpose, demonstrating functionality, aesthetics, marketability and consideration of innovation.

10. Make informed and reasoned decisions, respond to feedback about their own prototypes (and existing products and systems) to identify the potential for further development and suggest how modifications could be made.

Designing and making principles / Develop and apply in-depth knowledge, understanding and skills:

3. Using specialist tools and equipment, appropriate to the materials or components used (including hand tools, machinery, digital design and manufacture), to create a specific outcome.
4. Using specialist techniques and processes to shape, fabricate, construct and assemble a high quality prototype, including techniques such as wastage, addition, deforming and

reforming, as appropriate to the materials and/or components being used.

OCR 9-1 Design and Technology

6.1a, 6.1b, 7.1a, 7.2a, 7.5b
AQA Physics

4.5.6.1.1, 4.5.6.1.2, 4.5.6.1.3
Edexcel 9-1 Physics

1.1, 2.4, 2.5, 2.6, 2.11
Eduqas Physics

4.1d
OCR Gateway Science Physics A

PM2.1i, PM2.1ii, PM2.1b, P2.1g
OCR Twenty first century science Physics B

4.2
AQA Mathematics
N2, N10, N13, R1
Edexcel 9-1 Mathematics

N2, N10, N13, R1

Eduqas Mathematics

FN2, HN2; FN10, HN10; FN13, HN13; FA13, FR1, HR1; FS3, FS4

OCR Mathematics

1.01a, 2.02a, 2.02b, 2.02c, 10.01a, 10.01b, 7.04a

	Northern Ireland

Technology & Design

· Design – identifying problems; investigating, generating, developing, modelling and evaluating design proposals; giving consideration to form, function and safety

(Objective 1) Developing pupils as Individuals

· Abide by health and safety rules when using tools, machines and equipment

(Objective 2) Developing pupils as Contributors to Society

· Design cost effective and appropriate solutions to meet the specific needs of diverse local and global groups

Learning Outcomes

· demonstrate practical skills in the safe use of a range of tools, machines and equipment;

· show deeper understanding by thinking critically and flexibly, solving problems and making informed decisions, using Mathematics and ICT where appropriate;

· demonstrate creativity and initiative when developing ideas and following them through;

· work effectively with others;

· demonstrate self management by working systematically, persisting with tasks, evaluating and improving own performance

	Scotland

Technologies
TCH 3-01a, TCH 2-12a / TCH 3-12a, TCH 3-13a, TCH 3-13b, TCH 3-14a
	Wales

Design & Technology 

· 4.1, 4.2, 4.4, 4.6, 4.8, 5.2, 5.3

	
	


	Assessment opportunities

	

	
	
	

	Personal, learning & thinking skills (PLTS)

	>   Creative Thinker
· Team Worker




