Unit KS3 Using pneumatics to control a structure
Focus: structures and pneumatics
D&T 
KS3
About the unit 

The main aim of this unit is for pupils to learn how to apply and combine their understanding of structures and                         

pneumatics when designing and making.

In this unit, pupils tackle a design and make assignment (DMA) on the theme ‘Bridge Challenge’, in which they produce a pneumatic controlled bridge. 

Pupils gain the knowledge, skills and understanding they need to carry out the DMA successfully through product evaluation activities and focused practical tasks.  They:

· develop and practice graphic communication techniques

· model, design and construct simple structures that include triangulation, trusses and gussets

· use a modelling system to create strong and stable structures by using technology strips

· integrate the structural and pneumatic elements of a modelling system to create a functional bridge. 

There are also opportunities for pupils to:

· to carry out fair tests and evaluate their working models against a given criteria
Where the unit fits in

This unit is expected to take 9 15 hours.

This is one of three units that focus on using structures and pneumatics: one in year 7 on using very simple pneumatics to control a simple structure; one in year 8 using simple pneumatics to control a structure  (must include internal trusses); one in year 9 using simple pneumatics to control a structure (which must include trusses, internal trusses and gussets. (With year 9’s it is compulsory to have the bridge tested within the given criteria).    These units ensure progression in understanding a range of technologies and their use in designing and making.

It is expected that pupils in all years will go beyond simply ensuring that pneumatic and structural technologies work, to designing, modelling and making products that incorporate the pneumatic and structural  aspects.  In this unit, the focus is on modelling a working bridge using technology strips and pneumatic syringes.  There are opportunities to develop pupils skills in both structural design and equipment usage techniques.      

If you choose not to teach this unit, then plan to include the essential activities identified by        the  symbol      as part of another unit.

Teachers may find it helpful to use this unit as an end-of-year project, to bring together                        knowledge and develop group skills.

Expectations

At the end of this unit

most pupils will: work with a range of tools, equipment, materials and pneumatic elements, including syringes, with some precision, showing understanding of their purpose; draw on and use their understanding of structures to produce a real working model; draw on and use understanding of structural  design and strength; draw on and use their understanding of the operation of the pneumatic system with the opening and closing of the bridge; produce a finished bridge that works as planned, combines the structures and pneumatics systems effectively, relates the modelling produced to final product ideas; test and evaluate their bridge, showing that they understand the situation in which their design will have to function and identify ways of improving it.

some pupils will not have made so much progress and will: work with some structures, some pneumatics; work with some modelling of triangulation and paper modelling of bridge; use some structures to produce a bridge; use some elements of pneumatics to produce a real working model; test and evaluate their bridge to show they understand the situation in which it will function.

Some pupils will have progressed further and will:  go beyond the use of modelling structures and pneumatics in their solutions to produce a similar bridge that includes other materials, taking full account of their characteristics eg, using resistant materials in structural elements;  apply a more sophisticated  understanding of structures and pneumatics to their designing and making, so their end product contains a wider, fully realistic, functional range; produce an opening bridge that works effectively; modifying their approach in the light of progress; use appropriate techniques to evaluate the bridge, taking into account the needs of its intended users

Prior learning

It is helpful if pupils have:

It is helpful if pupils have:

(
related the way things work to their intended purpose, the use of materials and components, people’s needs, and what users say about them

(
Learnt about structures and how they are used in everyday lives

(
Modelled ideas of their own product using paper, by using construction kits

(
learnt how structures can fail when loaded, and investigated techniques for reinforcing and strengthening them

(
Understand the controls system

(
Used a wide range of cutting tools and joining methods

Language for learning

Through the activities in this unit, pupils will be able to understand, use and spell correctly words relating to:

(
the characteristics and properties of structures, eg loads, bends, breaks, compression, tension, torsion, shear, gusset.

Speaking and listening – through the activities pupils could:

(
ask questions to gain clarification and further information, eg Why...? How...? What...? What then...?

(
share information and discuss ideas in groups, and solve problems

Reading – through the activities pupils could:

(
use skimming, scanning, highlighting and note-taking as appropriate to different texts
Vocabulary and spelling – through the activities pupils could:

(
read and use accurately terms which relate to key concepts in D&T

(
recognise links between words related by word families and roots

(
understand and use correctly terms of qualification and comparison

(
learn and spell D&T-specific key words correctly

(
use strategies to attempt, find and check spellings

Resources

Resources include:

· making of structural models using, eg paper and masking tape
· computer for running a bridge building program

· pneumatics model used a sample 

· frame samples for structures

· materials for making structures and pneumatic elements, eg technology strips, card gussets, staples, syringes and plastic tubing

· bridge building equipment, eg tenon saws, sand blocks, PVA glue, card staples, syringes, plastic tubing, plastic T- junctions

(
equipment for modelling structures, eg mounted components, modelling software
(
useful websites, eg


- www.howstuffworks.com/htm


- www.dtonline.org/apps/menu/app.exe?2&1&0

-  www.users.dircon.co.uk/~doctron

Future learning

Pupils could go on to further work in year 9 in which they apply their understanding of materials when designing and making.  This unit also acts a s a foundation for key stage 4.  Pupils will learn that to achieve the optimum use of materials they need to take greater account of the relationship between material, form and the intended manufacturing processes.

In key stage 4, pupils will learn: 

1.
 a)
develop and use design briefs, detailed specifications and criteria


b)
consider issues that affect their planning [for example, the needs and values of a range of users; moral, economic, social, cultural and environmental considerations; product maintenance; safety; the degree of accuracy needed in production]


e)
match materials and components with tools, equipment and processes, taking account of critical dimensions and tolerances when deciding how to manufacture the product 


g)
use graphic techniques and ICT, including computer-aided design (CAD), to generate, develop, model and communicate design proposals [for example, using CAD software to generate accurate drawings and part drawings to help with manufacturing].Working with tools, equipment, materials and components to produce quality products

2. a)
select and use tools, equipment and processes effectively and safely to make products that match a specification 

3. Evaluating processes and products


a)
check design proposals against design criteria, and review and modify them if necessary as they develop their product 

4. a)
how materials are cut, shaped and formed to specified tolerances


e)
that to achieve the optimum use of materials and components, they need to take into account the relationships between material, form and intended manufacturing processes. 

5. Knowledge and understanding of systems and control


a)
the concepts of input, process and output, and the importance of feedback in controlling systems, including: i)
how control systems and sub-systems can be designed, used and connected to achieve different purposes ii)
how feedback is incorporated into systemsiii)
how to analyse the performance of systems. 

Breadth of study

6.
During the key stage, pupils should be taught the Knowledge, skills and understanding through:


a) 
product analysis


b)
 focused practical tasks that develop a range of techniques, skills, processes and knowledge


c)
 
design and make assignments, which include activities related to industrial practices and the application of systems and control.


Out-of-school activities and homework

Pupils could:

· research the four main types of bridges

· design some bridge ideas

· investigate and report in writing where we see triangulation in everyday life

· fill in a worksheet on all the new words and concepts that they have learnt throughout the project

Links with other subjects

· English: new specialist vocabulary, reporting on research findings

· Physics: structures, forces, pneumatics

· Biology: structures – body, shell, animal made structures

· Maths: measurements/rulers/accuracy

· ICT: internet, graphics

	DESIGN AND MAKE ASSIGNMENT (DMA)

	(
to design a bridge that uses a range of technologies, including simple pneumatics and structures, to meet a specific purpose and to observe health and safety regulations, by applying the knowledge, skills and understanding they developed during the activities and focused practical tasks
	Set the pupils a DMA that requires them to bring together their knowledge, skills and understanding of pneumatic control and structures to meet a specific and appropriate purpose.

Example

This example DMA has been written so it can be copied and given directly to pupils. Further details and contexts can be added, as appropriate.

You must work as part of a team during this assignment.

The Bridge Challenge

Build a bridge across a busy shipping port that uses pneumatic control to operate the bridge.

Span: 420 metres

Crossing: Ocean Bay

Connects: Island to mainland

Special notes: 

“Our records indicate that more than 500 ships pass through Craggy Rock Harbour each day.  Please build a bridge that does not block the flow of traffic.  We do not want angry sailors or congestion of any kind in our harbour.  Thank you.”
	(
put together a design specification

· Produce a bridge within constraints

· work in a group, using technology strips

(
keep a log of their part in the team’s work, like professional designers

(
design a working prototype of their bridge design

(
research the background of 4 main types of bridges from various sources

(
use a sequence of drawings or notes to clarify and communicate details before making

(
discuss, draw and model ideas in 2-D and 3-D

· testing their bridges to a specified load

(
presentation in which pupils need to demonstrate their working bridge 


	Language for learning when planning for making

(
Ask pupils to work in small groups and look at sequences in text, flow charts and tables, and:


– reorder from random to the correct order


– complete gaps in processes and sequences

Language for learning when keeping records

(
Ask pupils to keep a record of their project through logs, diaries, folios and sketchbooks, having been told what is expected, the conventions of what to record and how to record it. As a group, pupils could look at each others’ records, identifying criteria for a good record of work.

Language for learning when producing graphics

(
Ask pupils to explore the way displays use language and make explicit links, 
eg word association with image.




	PRODUCT EVALUATION

	· to recognise and understand the purpose of simple pneumatic and structural elements that already exist    

· to identify the need for, and constraints on, the development of structures and pneumatic
· to consider the relative merits of the different approaches used in bridge building, eg pedestrians, traffic – road and water
· to consider the constraints on a bridge design as a result of its setting, eg the need for water traffic access
	Organise a range of activities that give pupils an opportunity to:

–
examine and evaluate various ways in which different types of bridges work and are constructed (including pneumatics, physical and social aspects)

· explore different bridge designs using a ‘Bridge Building’ programme (including the cost of materials used)

· Ask the pupils to examine a structure and pneumatic element in order  to establish how a bridge works and how it controlled

· Ask the pupils to survey bridges in local areas or use various other resources  Ask them to establish why each is used and which covers the longest distance

· Discuss with the pupils the principles of bridge building.  Ask them to   list the things that make people need bridges, eg the need  to pass from an island to a mainland
	· Describe the components within structures and pneumatic and explain what they do, eg how the bridge opens up, the gusset on the corner of the truss

· Suggest different approaches to bridge building

· Identify why particular bridges have been used for practical and social reasons
	Health and safety 

care should be taken to en​sure that pupils assess immediate risks when carrying out product evaluation ac​tivities, eg teachers should give clear in​formation and supervise activities if products have sharp edges or pointed el​ements

Language for learning during product evaluation

· Ask pupils to work in small groups for discussion and individually for writing, to survey types of bridges.  Pupils should use various resources and evaluate them




	FOCUSED PRACTICAL TASKS (FPTs)

	
	These practical tasks should focus on the knowledge, skills and understanding out​lined in ‘About the unit’. They should give pupils an opportunity to practise any new skills they will need during the DMA, eg consider structures and understand the dynamics of it.
	
	Health and safety

– pupils should be taught about hazards, risks and risk control during ac​tivities pneumatic  equipment. Teachers will need to judge when it is ap​propriate to introduce pupils to cutting, joining techniques. They should ensure that pupils recognise haz​ards, assess risks and take steps to con​trol the risks to themselves and others

	
to explore forces through modelling.


	
Ask the pupils to take part in class activities that describe each type of force, eg Compression, tension, shear, bending, twisting.

For example, To experience compression, you could get two pupils to push against each other, using the palms of their hands. 


	
	Health and safety

– pupils should be aware that care needs to be taken when doing physical practical activities.



	
to explore different types of bridges and how they work.


to assess which bridge is suitable for different situations. 
	  Ask the pupils to explore different types of bridges, eg Beam, cable stayed, suspension, cantilever. Discuss the impact on the end product and how the properties can be used to achieve particular results when designing and making.


For example, pupils could form bridge shapes and see and feel how the bridges work through modelling.
	
demonstrate how bridges work


demonstrate where each of the forces are acting upon it


know the health and safety rules for working with the range of materials and equipment
	

	FOCUSED PRACTICAL TASKS (FPTs) (Cont.)

	· to design and carry out fair tests to compare the strength of frame and sheet structures

· To design structures that are strong, using their qualitative knowledge of structural strengths. 
	· Organise activities that allow the pupils to learn about structures and how to build robust and stable frame and sheet structures, eg they could design and conduct tests to determine the strongest frame and sheet designs.

· Provide a range of initial designs, so that the pupils gain experience of effective designs. 


	· select and set up appropriate, fair comparative tests to establish the strength of different frame and sheet structure designs

· design, model and construct simple structures for a purpose  
	

	· To design a bridge using the Bridge Builder game on the computer
	· Ask pupils to sit in pairs and use the computer to design and test their bridge that they design. There will be cost constraints and several levels to pass. 
	· Demonstrate where the compression and tension on the bridge is 
	

	
to investigate and develop skills in building constructions, eg using  technology strips, struts, gussets.
	
Ask the pupils to work in teams to construct bridges and to give a final presentation at the end of the project.


The production of a display can be divided into group work.
	
apply their understanding of the structures, and how these can be exploited
	

	
to carry out fair tests for evaluation purposes
	
Show the pupils simple ways that materials can be tested against performance characteristics. Examine how fair tests can be carried out. 


For example, pupils could test their design / structure against a given weight and for deflection. 
	
select and carry out controlled tests to find out if their model would hold a certain weight, eg testing the strength of triangulation, using weights
	 

	FOCUSED PRACTICAL TASKS (FPTs) (Cont.)

	
to develop skills in seeking information about structures from different sources


to use highlighting, skimming and scanning to identify key points and to develop critical reading approaches to advertisement / marketing.
	
Show the pupils how to research sources of information about bridges, 
eg databases, advertisements for bridges, to help them select appropriate materials for bridges and structures. 
	
use research techniques effectively to find relevant information about bridges and materials, eg how bridges work and the most suitable materials
	Language for learning when researching information

(
Ask pupils to work in small groups and analyse advertisements for products. Pupils could highlight or underline facts in one colour and anything they think is opinion in another colour. They could then discuss how the advertisements use factual information.

(
Ask the pupils to formulate three questions a reader could ask about the product, eg Is it good value? How environmentally friendly are the materials used?

(
Extension: more able pupils could highlight suspect claims.

Use of ICT

(
There is an opportunity to use databases when identifying information about materials.


	TIME PLAN

	Lesson 1

· Introduction to STRUCTURES

· The 2 types of STRUCTURES

· Physical activities explaining the following:  

· CANTILEVER, ARCH, TENSION, FORCE, BENDING, TWIST, COMPRESSION and SHEAR

· TASK - (paper modelling) bridge making using paper/coins/blocks

HOMEWORK -
· find out the 4 main types of bridges (beam, cantilever/truss, suspension and arch).

· find a picture of each with a very short explanation
Lesson 2 

· Recap on last lesson and types of bridges investigated

· Introduction to PNEUMATICS – sample of a pneumatic (syringe)

· Design the “Bridge Challenge” begins – designers need do this quite quickly!

HOMEWORK 

· Complete designs of bridge (so modelling can begin next lesson).

Lesson 3

· Model (using card) the design of the bridge they wish to use

· Begin to build chosen design using “technology strips”    

HOMEWORK - 

Lesson 4

· Build bridge using “technology strips”

HOMEWORK -

Lesson 5

· Build bridge for whole of this lesson

· Warning – next lesson is for presentation (does the bridge work) 

HOMEWORK - 

Lesson 6 

· PRESENTATION OF BRIDGE PROJECT

· TESTING

· EVALUATION


	Commentary 

	
  essential activities
	
  optional activities
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