[image: image5.jpg]IEY Faraday





[image: image6.jpg]the Institution of

Engineering and Technology

Faraday





[image: image7.jpg]




	Human robotic arm design 

	
	
	

	Exploring the movement of a human arm for robotics design

	Subject(s):  Science, Design & Technology, Engineering
Approx time: 15 mins
	
	Key words / Topics: 

· Robot arm
· Design
· Muscle

· Contraction

· Shape memory alloy

	
	
	

	Suggested Learning Outcomes 
	
	

	· To understand that a human arm moves due to the contraction of muscles
· To understand that a robot arm can use contraction or rotation to achieve movement
· To understand that shape memory alloys can revert back to a previous shape when heated

	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

This activity is designed to introduce students to the method by which a human arm is made to move and to demonstrate how this could be achieved using a smart material. Students can then subsequently use this information to support the design of a robot arm.

	
	
	

	Activity
	
	Teacher notes

	Ask the students to extend one of their arms, then to bend it at the elbow. Ask them to explain the mechanics of how this movement is achieved.
Explain that designers can use this method of movement as inspiration when designing robot arms. 
Introduce the shape memory alloy (SMA) spring. This is a smart material – it can be deformed or stretched, but when heated above a transition temperature it will return to its original shape. This heating can be achieved by passing an electric current through the SMA – the resistance within the wire causes it to warm up.
Ask the students to explain how this could be used to move a robot arm. 


	
	The movement is caused by the contraction of muscles. The video in the web links can be used to support the explanation if required.

This is an example of biomimicry.

Smart materials have a property that will change in response to a change in their environment – this property is reversible when the environment changes again. The transition temperature for the SMA will depend on the specific SMA used, but is typically between 60 and 90 degrees centigrade.

The SMA can be used to provide a ‘return’ or ‘reverse’ function. For example, a motor (or a weaker spring made from normal/non-SMA material) could move the arm, stretching the wire; when a current is passed through the SMA wire, heating it to above the transition temperature, it will return the arm to its initial position. Once the current is removed and the SMA wire cools below the transition temperature, the process can be repeated – i.e. the motor or non-SMA spring extends the SMA part again.

	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	The principle could be illustrated using the videos in the web links below. It could also be illustrated using a physical model (comprising a fixed structural member joined by a pivot point at one end to a mobile structural member, with two attached control strings to facilitate bending and unbending respectively). This could be made in advance by a technician.
	
	Ask the students if they can think of any other materials that could be stretched and then pull back into position (i.e. elastomers, such as rubber or elastic bands). Ask them to explain how using SMA would be different from using these materials. (Using an elastic muscle would place a pulling force in opposition to the movement, which may inhibit or progressively slow movement. Also, the elastic muscle would need forces to operate within the system at all times. The SMA arm could ‘rest’ in the deformed position until heated.)

Students could generate ideas for other applications where SMA could be used, explaining why it would be suitable for that application. 

	
	
	

	Resources
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	A projector or interactive whiteboard. 
Shape memory alloy spring, battery, battery connector, crocodile clips.
	
	

	
	
	

	Additional websites
	
	

	· How human muscles work - short explanatory video explaining how contraction leads to movement: http://www.youtube.com/watch?v=jxk5tFiGVSE .

· Shape memory alloy: http://en.wikipedia.org/wiki/Shape-memory_alloy and http://www.technologystudent.com/equip1/sma1.htm . General introduction and overview.
· 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: Human robotic arm design
Main (Options)

· ACTIVITY:  Build a robot arm
	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

	
	
	


	The Engineering Context    [image: image4.png]




	· The story Designing programmable systems


	
	
	


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

	England: National Curriculum
Science
· KS3 6b
Design & Technology 

· KS3 1d (example of biomimicry), 3a, 3b, 4a, 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.
(Objective 2) Developing pupils as Contributors to Society:

· Explore technical inventions and designs that have met a social need cost-effectively.



	Scotland: Curriculum for Excellence
Technologies

· TCH 3-01a
	Wales: National Curriculum 

Design & Technology

· KS3 Skills (Resistant materials and textiles 10, 14, Systems and controls 16)


	GCSE D&T

AQA D&T

· 3.1.3, 3.1.4, 3.1.5
Edexcel D&T

· 1.4, 1.5, 1.6, 1.7, 5.2.2h/i

Eduqas D&T

· 2.1 Core: 4, 5, 6, 7

· 2.1 Systems: 1
OCR D&T

· 5.1f i, 6.3, 6.4
	GCSE Engineering

AQA Engineering

· 3.3.1, 3.3.2, 3.3.3

	
	


	Assessment opportunities

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

	
	
	

	Personal, learning & thinking skills (PLTS)

	· Creative thinkers

· Effective participators




