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	Robot arm design

	
	
	

	Produce a 2D card model of a robot arm

	Subject(s):  Design & Technology, Engineering
Approx time: 45 - 60 mins
	
	Key words / Topics: 

· Robot arm
· Design
· 2D Modelling
· Control
· Elastic

	
	
	

	Stay safe 
	
	

	Whether you are a scientist researching a new medicine or an engineer solving climate change, safety always comes first. An adult must always be around and supervising when doing this activity. You are responsible for:

•
ensuring that any equipment used for this activity is in good working condition

•
behaving sensibly and following any safety instructions so as not to hurt or injure yourself or others 

Please note that in the absence of any negligence or other breach of duty by us, this activity is carried out at your own risk. It is important to take extra care at the stages marked with this symbol: ⚠

	
	
	

	Suggested Learning Outcomes 
	
	

	· To be able to name the main parts of a robot arm
· To be able to design and make a 2D card model of a 3D product

	
	
	

	Introduction
	
	

	Robot arms are an example of a programmable system. They are used in a wide variety of industrial applications, ranging from loading machines to assembling cars, welding parts together and spray painting products. They are also used in applications such as bomb disposal and repairing space craft as they orbit the earth. 

In this series of activities, students will design and model the physical elements of a robot arm.

	
	
	

	Purpose of this activity

In this activity students will produce a 2D card model of a robot arm.

	
	
	

	Activity
	
	Teacher notes

	Using the presentation robot arm identify the main parts of a robot arm (shoulder, elbow, wrist, hand).
Divide the students into small teams. Explain that models are often used in industry during the design process to evaluate and improve ideas, as they cost a lot less than making prototypes from the final materials and can be made and changed very quickly. Introduce the 2D card modelling activity in the presentation. The aim is to model the section of the arm that leads to the hand, and the gripper. 

The teams should be directed to consider:

· How will they open and close the hand (gripper)?

· How will the gripper be attached to the arm?

⚠ Each team should produce a 2D model of a robot arm from the provided resources. To do this they will need to sketch the shapes of the parts they need onto the card and cut them out. These will need to be mounted on a backing board for stability. Fixed pivots can be created using thumb tacks. Moving pivots can be produced using brass fasteners. String, fishing line or elastic bands could be used for the control lines to transfer force.
If time permits, teams should be encouraged to test how well their initial design works and improve it – for example, by seeing if different anchor points for the control wires or pivot points improve the grip strength.
The teams should present their finished 2D model for the class for constructive peer feedback. For example, how could the mechanism be improved? Could the grips be made more effective?
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 Presentation robot arm

	
	Slide 4 of the presentation is an example of a model, based on previous classroom experience. 
There are some hints for the students on slide 3 of the presentation. It may assist to give the students a stated object that the arm has to lift, along with a suitable 2D template representing this object.
MDF backing boards could be reused by later groups. 
This activity could be used to introduce an iterative design process with a Make-Test-Evaluate cycle, where the cycle is repeated until the design is perfected. 

If time is an issue, the peer review could focus on only one or more selected groups.

	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	The example on slide four of the presentation robot arm could be shared with students – alternatively, a premade exemplar model based on this design could be displayed. However, it must be recognised that there is a risk of plagiarism if this is used. 

Rather than sheets of card, students could be provided with pre-cut standard shapes – e.g. a rectangle for the arm, triangles for the gripper, squares, circles.
	
	The complexity of the activity could be increased by ‘charging’ teams for the different resources that they use, i.e. giving each resource a points value. Teams could either have to work within a fixed budget or could be compared on the cost of their proposed design.

Rather than an arm made from a single member, students could produce a more complex design incorporating an elbow. 

Students could design the gripper to hold a specific object, such as a circle representing a ping pong ball, or to accommodate objects of a range of different sizes. They could also investigate different types of linkage or cam as a means of closing the gripper.

	
	
	

	Resources
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	A projector or interactive whiteboard. 
For each participating team: 

1 A4 cardboard or MDF baseboard
2 A4 pieces of thick card

1 pair of scissors/craft knife
5 brass fasteners/brads/split pins
5 thumb tacks
3 paper clips
2 m length of string or fishing line
2 rubber bands
2 m length of sticky tape or masking tape
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 Presentation robot arm

	
	
	

	Additional websites
	
	

	· Robot arms – an explanation of the parts and operation: http://science.howstuffworks.com/robot2.htm .

· Types of robot arm: http://en.wikipedia.org/wiki/Robotic_arm .

· Linkages – an explanation of the different types of movement, including animated images: http://www.technologystudent.com/cams/link1.htm  .

· Video of a small moving robot using ‘muscle wire’ made from shape memory alloy: http://www.youtube.com/watch?v=k9f-W6Xi_Wo .

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options) 
· FILM: Designing programmable systems 
· ACTIVITY: How a human arm bends
Main (Options)

· ACTIVITY:  Robot arm design
	Extension (Options)

· ACTIVITY: 3D modelling
Plenary

· Opportunities within activity for peer/self-assessment and class discussion on what has been learnt
· Reflection on Objectives and PLTS skills used
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	· The story Designing programmable systems


	
	
	


	Curriculum links

	England: National Curriculum
Design & Technology 

· KS3 1d, 1e, 2a, 4b

	Northern Ireland Curriculum
Technology & Design

Developing pupils’ knowledge, understanding and skills:
· Design – identifying problems; investigating, generating, developing, modelling and evaluating design proposals; giving consideration to form, function and safety;

· Control – incorporate control systems, such as mechanical, electronic or computer-based, in products and understand how these can be employed to achieve desired effects.

	Scotland: Curriculum for Excellence
Technologies

· TCH 3-01a, TCH 3-13b
	Wales: National Curriculum 

Design & Technology

· KS3 Skills (Systems and controls 16, 20)

	GCSE D&T

AQA D&T

· 3.1.4, 3.1.5, 3.2.1, 3.2.5, 3.2.8, 3.3.4, 3.3.5, 3.3.6, 3.3.7, 3.3.10, 3.3.11

Edexcel D&T

· 1.5, 1.6, 1.7, 1.16, 1.17, 5.1.1, 5.2.1, 5.2.2, 5.2.3, 5.3, 5.7

Eduqas D&T

· 2.1 Core: 5, 6, 7
· 2.1 Systems: 1, 2, 3, 6

· 2.2 Core: 5, 7, 8, 9
· 2.2 Design and Make: 1, 3, 4
OCR D&T

· 1.2, 4.2, 5.2, 6.3, 6.4, 7.1, 7.2, 8.1a
	GCSE Engineering

AQA Engineering

· 3.3.1, 3.3.2, 3.3.3, 3.6

	
	


	Assessment opportunities

	· Opportunities for assessing students understanding will arise during the class discussions. Question individual students to check knowledge of key terms. Peer review of the completed models.

	
	
	

	Personal, learning & thinking skills (PLTS)

	· Creative thinkers

· Effective participators
· Reflective learners

· Team workers


