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	Tool Holder Testing

	
	
	

	Build and test a robot arm 


	Subject(s):  Science, Design & Technology, Mathematics
Approx time: 45 mins 
	
	Key words / Topics: 
· magnetic

· design

· electromagnetism
· evaluation 
· forces

· budgeting

	Suggested Learning Outcomes
	
	

	· Design the optimal electromagnet given constraints

· Consider the factors involved in electromagnet strength and design

	

	Introduction
	
	

	Telemedicine is a new and fast developing field in healthcare.  Even 20 years ago the idea of a surgeon being able to operate a robot from hundreds of miles away in order to perform an operation seemed like science fiction.

Today, this is not only possible but engineers, working with scientists and doctors, are now designing robotic systems which will be able to operate on patients with no human intervention at all.

Students are going to work in their teams to build an ‘arm’ with an electromagnetic gripper at one end. They will be given some basic parts to start and a sum of ‘money’ or tokens with which to buy the other parts. Once their arm and gripper are complete they will have 30 seconds to move as many paper clips from one pile to another as possible. The team moving the most paper clips in the allotted time will be the winner.
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	Activity
	
	Teacher notes

	Organise the class into teams of about 3 or 4.

Give each group the brief and instructions: Tool Holder Testing (Instructions)
Explain the task and the set up of the robot arm.

[Set up a retort stand with a boss and clamp. The clamp head needs to be pushed close to the stand so that the back end sticks out as far as possible. The back end can then be pushed through the predrilled hole in the metre stick, providing a pivot point as shown below. The second boss added below the one holding the clamp arm means the clamp arm boss can then be loosened, giving some rotational movement around the retort stand as well as up and down see-saw movement.]
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The key components that students can ‘buy’ to build their electromagnet will be:

· Insulated wire in a number of different gauges and lengths of 1, 2, 3 or 4 metres 

· Magnet cores in a number of different materials, including soft iron. These are likely to be mainly cylindrical in shape. If possible, ‘C’ or ‘U’ shapes should be available as well.

It is up to individual teams to decide

· What materials are required

· What variable will have the largest impact on strength

·  How they position their magnet and switch 

The magnet can be fixed to one end of the arm with electrical tape. Care should be taken so that the tape does not melt. All wires should be insulated for safety reasons.

Allow sufficient time for teams to make their electromagnet before testing. They will also need some time to practice the operation as this will be a key part of the designs success. 

Once the arms and magnets are complete the competition is to move as many paper clips from pile A to pile B as possible in 30 seconds. The pile areas can be marked on a bench with chalk circles. Paper clips falling outside the circles will not be counted. (see picture in the Introduction section above).
	
	Essentially they will need to build the strongest magnet they can. However, they will have a set amount of money with which to buy these materials so will need to decide whether to spend their money on longer wire or different cores.

If technicians cannot build an arm for each group prior to the lesson this could be a good opportunity for each group to build an arm.

It is important that prices of materials are set so that teams cannot afford to buy everything they want. Some guide prices for materials are given in the Appendix, based on each team having 70 tokens to spend. 
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  Price List (Handout)
Amend the price list as necessary – the resource list should be specific in terms of voltage concerns, expense, availability of different wire types and enough c-cores.

It is better to use 1.5v cells, especially if using cores. Most wires will burn the plastic sheath if the voltage exceeds 6V, and power packs will cut out.
(If desired this can also be time for a presentation on their design choices and reasoning)

This can be in a head to head format (if materials/space allow), or a time trial.

	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	Demonstrate an investigation into factors affecting the strength of an electromagnet so that students can appreciate how these might alter their decision.
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  Additional Electromagnetic Support (Handout)
Use the Additional Electromagnetic Support Handout as a refresher/introduction to electromagnets.
	
	Do not show students the arm design, they are simply set the challenge of moving the paperclips from one space to another with the equipment provided (and restrictions on where they are allowed to touch – draw a large circle around area)



	
	
	


	Resources
	
	Required files                              [image: image5.png]
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	Required for class

· Selection of different gauges of insulated wire. (Note: There is not a wide range of insulated wires. Most go to multi-strand, in which case ‘gauge’ does not apply. You may choose to concentrate on number of turns instead.)

· Selection of magnet cores of different sizes, shapes and materials 

· A clamp suitable for clamping the base of a retort stand to a desktop 

Required per team

· Low voltage power pack with short circuit capability 

· One non-latching push to make switch 

· A wooden metre-stick or equivalent piece of wood with an 8 mm hole drilled through halfway along the length (big enough to fit the bar from the clamp arm)

· Retort stand (1), clamp (1) and boss (2)

· Three leads and appropriate number of crocodile clips or other connectors 

· A roll of electrical tape 

· Tool Holder Testing Instructions sheet 

· A set of tokens or fake money  
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  Tool Holder Testing (Instructions)
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  Price List (Handout)
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  Additional Electromagnetic Support (Handout)


	
	
	

	Additional websites
	
	

	· BBC Bitesize: Revision section for Electromagnetism and magnetism – Electromagnets providing information on electromagnets within the KS3 Bitesize science section 
· https://www.bbc.co.uk/bitesize/guides/z3g8d2p/revision/1
· The Guardian: News article ‘Remote’ surgery turning point about the benefits of remote/robotic surgery http://www.guardian.co.uk/society/2002/oct/06/health.medicineandhealth
· BBC news: News article Under the knife… the online way about ways of allowing surgeons to ‘feel’ while using a robot to carry out procedures http://news.bbc.co.uk/1/hi/northern_ireland/6970149.stm

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options)

· FILM: Robotic Surgery
· ACTIVITY: What is Remote Surgery?
· ACTIVITY: Is Remote Surgery Safe?
Main (Options)

· ACTIVITY: Humans vs. Robots
· ACTIVITY: Tool Holder Design
· ACTIVITY: Tool Holder Testing
	Extension (Options)

· ACTIVITY: Communication Over Distance
· ACTIVITY: Global Surgery Challenge

· ACTIVITY: Entrepreneurial Challenge

Plenary

· GAME: Doc Bot

· QUIZ: Remote Operations

· Opportunities within activity for presentations, peer/self assessment

· Reflection on Objectives and PLTS skills used
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	· The story Robotic Surgery


	

	

	Curriculum links 

	England: National Curriculum 
Science 

·  KS3 1a, 2a, 2c, 2d, 2e, 3c, 30a, 30b, 37d
·  KS4 1.1a,b, 1.2a,b,c, 1.3a,b, 2.3b 
Design & Technology 

·  KS3 2b, 4a
Mathematics 

·  KS3 3a, 4l
GCSE

AQA Design and Technology
· 3.3.4, 3.3.5, 3.3.6, 3.3.7

Edexcel 9-1 Design and Technology
· Component 2: 2.1a, 2.1b, 2.2a, 2.2c, 2.3c, 2.3d, 2.3e, 2.5a, 3.1a, 3.1b, 3.1c, 3.2a, 4.1a, 4.1b, 4.1c

Eduqas 9-1 Design and technology
· Designing and making principles / Develop and apply core knowledge, understanding and skills:

1. Understand that all design and technological practice takes place within contexts which inform outcomes.
4. Investigate factors, such as environmental, social and economic challenges, in order to identify opportunities and constraints that influence the processes of designing and making.
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.
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
1. Selecting and working with appropriate materials and components in order to produce a prototype.
OCR 9-1 Design and technology
· 7.1a, 8.1a, 8.1b 
AQA Combined Science: trilogy

· 6.7.2.1

Edexcel Combined Science 

· 9.1

Eduqas Combined Science 

· 8.2

OCR Gateway Science Combined Science A
· P3.3

OCR Twenty first century Science Combined Science B
· P3.4

AQA Physics 

· 4.7.2.1

Edexcel Physics

· 12.9

Eduqas Physics

· 8.2

OCR Physics 

· P3.5
AQA Mathematics

· N2, N13
Edexcel 9-1 Mathematics
· N2, N13

Eduqas Mathematics

· FN2, HN2; FN13, HN13

OCR Mathematics

· 1.02a, 2.01b, 2.02b

	Northern Ireland Curriculum 
Science

Developing pupils’ knowledge, Understanding and Skills

· develop skills in scientific methods of enquiry to further scientific knowledge and understanding: planning for investigations, obtaining evidence, presenting and interpreting results; 

· develop creative and critical thinking in their approach to solving scientific problems;

· develop a range of practical skills, including the safe use of science equipment;

· forces and energy: using electricity

Technology & Design

Developing pupils’ Knowledge, Understanding and Skills

· manufacturing – selecting and using materials fit for purpose; safe use of a range of tools and processes appropriate to materials, demonstrating accuracy and quality of outcome;

· 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 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
(Objective 3) Developing pupils as Contributors to the Economy and the Environment

· identify product needs and pursue sustainable harmonious design solutions in a local outdoor/indoor context
Learning Outcomes

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

· work effectively with others;

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

Developing pupils’ Knowledge, Understanding and Skills

· knowledge and understanding of personal finance issues; and skills to enable competent and responsible financial decision making; 

· the application of mathematical skills to real life and work situation

(Objective 3) Developing pupils as Contributors to the Economy and the Environment

· apply mathematical skills in everyday financial planning and decision making

Learning Outcomes

· demonstrate mental mathematical capability with simple problems

· demonstrate financial capability in a range of relevant everyday contexts



	Scotland: Curriculum for Excellence
Sciences
· SCN 3-09a
· SCN 4-09a 

· develop the skills of scientific inquiry and investigation using practical techniques

· apply safety measures and take necessary actions to control risk and hazards

· recognise the impact the sciences make on my life, the lives of others, the environment and on society

· recognise the role of creativity and inventiveness in the development of the sciences

Technologies

· TCH 3-01a, TCH 2-12a / 3-12a, TCH 3-13a, TCH 3-14a
Numeracy and Mathematics

· MNU 2-03a, MNU 2-09a


	Wales: National Curriculum
Science

· KS3 Skills (Communication 1-3; Enquiry 1, 4, 5, 6, 7; Developing 1-6; Reflecting 1-4)

· KS3 Range (How things work 4)

· KS4 Skills (Communication 1, 2, 3; Enquiry and practical skills 1-4)
· KS4 Range (Energy, electricity and radiations 2)
Design & Technology

· KS3 Skills (Making 1, 2, 5, 17)
· KS3 Range (Systems and controls 17) 

Mathematics

KS3 Skills

· use a range of mental, written and calculator computational strategies

KS3 Range

· use a variety of mental methods of computation; extend informal written methods to non-calculator methods
· find approximate solutions to, and use the four operations to solve, problems involving money

	
	


	Assessment opportunities

	

	
	
	

	Personal, learning & thinking skills (PLTS)

	· Creative Thinker

· Team Worker


