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	Marshmallow Catapults


	
	
	

	Building a structure that launches marshmallows into the air 

	Subject(s): Design & Technology
Approx time: 100-180 minutes
	
	Key words / Topics: 

· Catapult

· Glue 

· Health and safety

· Saw

· Structures

· Triangles

· Wood

	
	
	

	Suggested Learning Outcomes 
	
	

	· To understand that triangles can be used to reinforce structures
· To be able to safely use a saw to cut wood 
· To be able to safely use a glue gun
· To be able to design and make a structure


	Introduction
	
	

	The word ‘engineer’ was originally used to describe people responsible for building siege weapons in ancient times. When laying siege to towns and castles, it was common practice for skilled specialists to build catapults in an attempt to break down defences and demoralise the defenders. One particular type of catapult was the ‘onager’ – this was named after a type of wild donkey that was well-known for having a vicious kick. The specialists who constructed this were purportedly called ‘onager-neers’ which eventually became ‘engineers’.
Catapults need to have a structure which is both strong and stiff, otherwise the forces they experience when used can cause them to break. A catapult made from square shapes can be made significantly more rigid and less likely to collapse by adding reinforcement to form triangles. This principle is still widely used in civil engineering, for structures ranging from cranes to aircraft structures and the roofs of buildings.

This activity could be used in Key Stage 2 as a short design & technology project. It could also be integrated with history and drama; for example, pupils could act out a short script following the development of the catapult. One group of pupils could be villagers, based in a hill fort. Other groups could represent different invaders through the ages, armed with different types of catapult (such as small Viking catapults, mangonels, onagers, trebouchets, couillards etc.), who describe their devices and their capabilities, and invade the village. In addition to the history and development of catapults (which can be found on many websites, including Wikipedia), this allows the opportunity for era-appropriate costumes!

	Purpose of this activity

In this activity pupils develop their practical skills using a saw and a glue gun to construct a miniature catapult capable of firing a marshmallow. They also have the opportunity to develop their skills to work as part of a team.

	
	
	

	Activity
	
	Teacher notes

	1. Introduction and demonstration of making (20-30 mins)
Show the pupils pictures of the catapult using the presentation or a completed model. Identify the different parts (holder, base, sides, triangle shapes, elastic bands) and, using the presentation, the key features of the design.

Demonstrate the safe cutting of the wooden parts using the saw.
1. Mark the wood where it needs to be cut (by holding it against the design)

2. Ensure the wood is held securely. 
3. Use a saw to cut the pieces of wood. If you can, use angles where needed.

Demonstrate making the holder using the net from the marshmallow structures holder (handout), identifying the cut lines, fold lines and tabs:

1. Cut out the outline of the net 

2. Fold the net along the dotted lines (so the dotted lines are on the inside of the fold)

3. Use glue on the tabs to stick it together
The finished holder can be stuck onto the throwing arm using the glue gun.

Outline the rules for using glue guns:

1. Always treat a glue gun as if it is hot

2. When not being used, always stand the glue gun up

3. Always use a board underneath what you are gluing

4. Only one person can use a glue gun at a time

5. Never touch anything with the hot end except for what is being glued

6. Never touch the glue – it could still be hot
Demonstrate the safe use of the glue gun to make the base and one side of the catapult, using the marshmallow catapults structure (handout).

Divide the pupils into teams.
2. Making the catapults (60-120 mins)
The tasks to be completed can be divided between the team members.

Working in teams, pupils cut and assemble their catapults.
Each team can only use 6 pieces of wood – they can cut it into smaller lengths as needed. Higher ability teams could design their own catapult; lower ability teams could use the handout, sticking the pieces of the structure to the paper, then attaching the sides and cross members.
3. Testing (20-30 mins)
Testing of completed catapults, comparing which fires the furthest and which is the most accurate.

Pupils could record the maximum values for each team in a table or on a whiteboard. During the testing they could be asked to identify how each catapult could have been made stronger or more effective.
	
	This activity can be effectively carried out as a team, with different tasks allocated to various team members. Allocation could be decided by the team or by the teacher, depending upon the capabilities of the pupils. Team sizes of 3-4 have been effective to complete the task in the given time. Depending upon the strengths and capabilities of the pupils, if teams are developing their own designs it may assist effective solutions to allow additional ‘design time’ of 10 minutes before starting the manufacture.

The timings indicated for making are based on segregation of tasks within a team – if pupils are working individually or in pairs these will need to be increased.

The saw used could be a tenon saw, coping saw or junior hacksaw. Some pupils find this activity easier when using a saw with the fine teeth, such as the junior hacksaw. When demonstrating sawing, it is essential that the wood is held securely. Pupils should be reminded of the correct positioning of the hands such that they are never in the direction of cutting of the saw blade and, if necessary, the use of the claw grip method (similar to using a knife in food technology). 
It is possible to assemble the structure using only wood cut at a 90-degree angle (i.e. square ends), where the gaps between any angled pieces in the structure are filled with glue; however, this has less structural strength than cutting the relevant pieces at an angle. Where angled cuts are being made, the saw should remain perpendicular to the floor and positioned at an appropriate angle across the wood surface (rather than ‘tilting’ the blade, which increases the risk of injury due to slipping). 
Sandpaper can be used after sawing to round off the sharp edges; this may be easiest to use by placing it flat on a table and rubbing the wood against it (rather than the more typical method of holding the wood and rubbing the paper against it). This can also be used to make angles on edges, if required.
One glue gun is required for each team. The glue gun should be of the cool/low melt type to minimise risks. As for all practical activities, the school must have a risk assessment in place for the use of this process. This can be developed from BS4135:2014, the Code of Practice for delivering Design & Technology in educational establishments, or commercial bodies such as CLEAPSS or the Design & Technology Association. If using a risk assessment obtained from a third party, it must be customised to take account of the specific environment of the school.

If pupils do not have sufficient maturity to use a glue gun, there are alternative catapult designs included in the additional websites, which use marshmallows to hold together wooden skewers or elastic bands to join together dowel rod.

The amount of wood can be increased during the making phase if needed – i.e. at the half way stage teams can be issued an extra piece. This can be an effective approach to see how they adapt their designs or apply their knowledge of reinforcement.

When sticking the parts together, it is normally most effective to make the base of the catapult first. The sides can then be manufactured and stuck on or built up from the base, with the last step to add any cross members. 
Pictures of previous pupil designs are included in the presentation for reference, with close-up views of selected important features. In particular, it should be noted that at the top of the catapult, where the throwing arm is stopped by a cross-piece, there are cross-pieces on both sides of the wood. The one on the side of the throwing arm acts as a block; the one on the opposite side is for the elastic band to be attached to. A single cross-piece will not be sufficient, as either the force from the elastic band or the impact from the throwing arm may cause it to separate from the structure.
The throwing arm is not glued to the structure. At the base, a small elastic band can be wrapped around the base and throwing arm, to provide a pivot point. The thicker elastic band can be looped around the cross member and over the throwing arm. It can be helpful to apply a dot of glue from the glue gun to hold the larger elastic band in place at each location. 
When testing the catapults, it is normally necessary for a team member to hold down the base, as the catapult can otherwise move substantially during use.

	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	· The catapult structure on the handout could be used by pupils.
· Small card triangles could be provided that pupils could use to reinforce the points where the wood is joined

· Nets could be pre-cut


	
	· Pupils could use angled cuts to improve how the parts of their structure fit together

· Pupils could design their own structures

· Pupils could experiment with the length of the throwing arm, the distance this is pulled back and the angle of the base (i.e. using a book at one end to move it from the horizontal), to see how this affects the distance and accuracy of throwing.
· Pupils could record the results of testing and plot these as a bar chart.

	
	
	

	Resources
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	For the marshmallow holders:

Copies of the marshmallow catapults holder (handout) printed on card

Scissors
Glue sticks

For the catapult structures:

Square section softwood: 8 x 8 x 590 mm, 6 pieces per team plus spares

Saws

Vices, bench hooks, mitre boxes or similar devices to secure the wood when cutting
Glue guns (one per team)
2 elastic bands per team (one small, one large) plus spares

For testing:

A bag of marshmallows
Optional:

Copies of the marshmallow catapults structures (handout) printed on paper

Sandpaper

Baseboards or A3/A4 pieces of cardboard for use as baseboards when using glue guns
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 Marshmallow catapults
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 Marshmallow catapults holder (handout)
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 Marhmallow catapults structure (handout)

	
	
	

	Additional websites
	
	

	· Alternative catapult that is held together by marshmallows rather than glue https://www.wikihow.com/Make-a-Marshmallow-Catapult or https://www.youtube.com/watch?v=R7hBg91_DZI 

· Alternative catapult design made from dowel rod held together by elastic bands https://frugalfun4boys.com/2013/06/06/how-to-build-a-catapult-out-of-dowel-rods-and-rubber-bands/ 

· Alternative simple small catapult project using craft sticks and elastic bands https://www.diynetwork.com/how-to/make-and-decorate/crafts/how-to-make-a-toy-marshmallow-catapult 

· A wide range of resources to support teaching and learning about structures, including several examples of bridges and a structures project using art straws http://www.technologystudent.com/struct1/struindex.htm 

· Primary area of the CLEAPSS website http://primary.cleapss.org.uk/

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options) 

· Building a square structure from card (see spaghetti structures activity)
· Catapults through the ages drama activity, described in the introduction
· Spaghetti Structures (activity)
	Extension (Options)

· Spaghetti bridges (activity)
· Manufacture of catapults of alternative designs
Plenary

· Testing and peer review of how the catapults could have been improved

	
	
	


	The Engineering Context    [image: image7.png]




	· Triangles are widely used to reinforce many engineering structures – from bridges to the sloped roofs of houses. An understanding of how triangles are used to reinforce structures is fundamental to being able to design strong structures.


	
	
	


	Curriculum links [example of layout, font details in section for English National Curriculum]

	England: National Curriculum

Design & Technology Key Stage 2

Make

· select from and use a wider range of tools and equipment to perform practical tasks [for example, cutting, shaping, joining and finishing], accurately 
· select from and use a wider range of materials and components, including construction materials, textiles and ingredients, according to their functional properties and aesthetic qualities
Evaluate

· evaluate their ideas and products against their own design criteria and consider the views of others to improve their work

Technical knowledge

· apply their understanding of how to strengthen, stiffen and reinforce more complex structures


	Northern Ireland Curriculum

The Arts / Art and Design Key Stage 1

Use a range of media, materials, tools and processes such as: drawing, painting, printmaking, malleable materials, textiles and three-dimensional construction, selecting which is appropriate in order to realise personal ideas and intentions, for example: 

· use modelling and construction techniques to make three-dimensional work.



	Scotland: Curriculum for Excellence

Craft, Design, Engineering and Graphics

Design and construct models/products

· TCH2-09a I can extend and enhance my design skills to solve problems and can construct models

Application of Engineering

· TCH 2-12a I can extend my knowledge and understanding of engineering disciplines to create solution.
	Wales: National Curriculum 

Design and Technology Key Stage 2

Designing

· 6. consider the safety, reliability and sustainability of their activities/products

· 7. evaluate their design ideas as they develop, considering the needs of the user

Making

· 3. measure, mark out, cut, shape, join, weigh and mix a range of materials and ingredients, using appropriate tools/utensils, equipment and techniques

· 4. find alternative ways of making if the first attempt fails
Rigid and flexible materials

· 10. use a range of materials and components, making choices based on their developing knowledge of how they should be used

· 11. learn about the efficient use of materials

· 12. use techniques for reinforcing and strengthening structures in their products

Range

· tasks in which they develop and practise particular skills and techniques that can be applied in their designing and making

· tasks in which they design and make products, focusing on different contexts and materials
· They should be given opportunities to: be creative, be innovative, work independently and in groups.

	
	


	Assessment opportunities

	· Review of the completed catapult structures, pupil responses on how to improve the designs

	
	
	




