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[bookmark: _Toc397613074][bookmark: _Toc448299222]Overview
This project is aimed at educators and mentors as a guided learning activity and designed to be delivered as part a formal curriculum through timetabled classes or as an extra-curricular STEM activity.
The guided learning activities use data and examples from the Greenpower Challenge however, participation in the Greenpower Challenge is not required for students to benefit from the learning covered in this activity/project.
The main document Introduction to mechanical systems.docx contains a course map reproduced here.
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[bookmark: _Toc397613075]Duration
[bookmark: _Toc397613076]This guided learning activity has been design to last for nine sessions of approximately one hour per session plus homework tasks.  The materials are flexible and could be delivered in after school STEM clubs, alongside other projects in a ‘carousel’ or part of a ‘long and thin’ curriculum model.
What is provided
[bookmark: _Toc397613077]The following documents and files make up this project and available to download from the Siemens Academic programme web site.
Introduction to mechanical systems - Teachers notes.docx - This document aimed at educators and mentors.
Introduction to mechanical systems.pptx - A PowerPoint presentation for the start of the project and at strategic points during each of the sessions.
Introduction to mechanical systems.docx - Aimed at educators/mentors to develop structured lessons/activities for students.  The document can be edited to suit the delivery format and style of the educator/mentor and the students.
Greenpower Fracmo Motor Graph.xls – Manufacturer’s graphs of electric motor performance.
Yuasa Battery spec - REC36-12_UK.pdf – Manufacturer’s battery specification.
Task sheets with answers
Session 1 - Mechanical systems.docx
Session 1 - Mechanical systems - Answers.docx
Session 2 - Hidden mechanisms.docx
Session 2 - Hidden mechanisms – answers.docx
Session 3 – Efficiency.docx
Session 3 - Efficiency – Answers.docx
Session 5 - F24 acceleration – Answers.docx
Session 5 - Lightweight structures.docx
Session 5 - Lightweight structures-answers.docx
Session 5 - Volume and mass.docx
Session 5 - Volume and mass – Answers.docx
Session 6 - Chain numbers.docx
Session 6 - Chain numbers - answers.docx
Familiarise yourself with all of these documents.
Preparation
1. Download the curriculum materials and files;
a. The Greenpower Challenge Formula 24 kit Car (the fully detailed Solid Edge model of the kit car) from www.siemens.com/plm/academic/greenpower 
b. Ensure you also download the zip file containing all the Solid Edge files associated to this project. Included in the zip file are the following folders:
Drag_component
Link_sprockets
Tracks

2. Make the project files and folders available to students on school networks, the cloud or memory cards.
3. Read these teaches’ notes to familiarise yourself with the project and materials.
4. Install Siemens Solid Edge on your own PC – see below.
5. Work through the Introduction to mechanical systems.docx step by step yourself.
6. Become familiar with the introduction to Introduction to mechanical systems.pptx including the notes on each slide.
7. Plan how you will incorporate the project in your teaching.
Structure
The materials set out to teach the key concepts of mechanical systems and how they can be used to specify and build an efficient drive system for an F24 Greenpower car. Some of the sessions focus on the scientific concepts for mechanical systems and where appropriate use mathematics to quantify performance. Other sessions cover the mechanical simulation tools in Siemens Solid Edge. The remaining sessions explain how this new knowledge and understanding can be used to devise an efficient drive system for a Greenpower F24 car.
Outcome
Students should:
· Learn about mechanical systems and how they apply to automotive transmission systems.
· [bookmark: _Toc397613078]Learn how to specify and optimise mechanical systems for specific applications.
· Use Solid Edge to create and edit mechanical systems.
· Set up and run mechanical system simulations and animations using Solid Edge.
[bookmark: _Toc448299223]Siemens Solid Edge software
[bookmark: _Toc397613080]For secondary education
Siemens Solid Edge High School Edition is available at no cost (free) to all secondary schools and provides the school with a perpetual, academic site license, enabling them to use Solid Edge on as many computers as required for academic purposes. This edition is for use by secondary schools within the curriculum or in support of extra-curricular activities.   To help clarify which academic institutions are classed as secondary schools, see the Wikipedia entry https://en.wikipedia.org/wiki/Secondary_education.  For clarification or confirmation please contact your regional Solid Edge Academic Program Manager.
To obtain the software an educator or school official must register at www.siemens.com/plm/solid-edge-highschool.  Following registration, a welcome email will be sent to the registered email address containing download instructions for the software install executable.  The school’s license is automatically embedded during the software installation process.
Providing secondary schools with a perpetual site license for Solid Edge gives schools, teachers and mentors the confidence to deploy Solid Edge within the classroom and develop material to support the use of Solid Edge within their STEM curriculum.  When a new release of Siemens Solid Edge High School Edition is available, teachers simply repeat the registration process to obtain the latest release.
For post-secondary education
Siemens Solid Edge University Edition is available at low cost for all post-secondary, tertiary, and vocational academic institutions. To clarify which academic institutions are classed within these categories see the Wikipedia entry http://en.wikipedia.org/wiki/Higher_education.  For clarification or confirmation please contact your regional Solid Edge Academic Program Manager.
For Students
Siemens Solid Edge Student Edition is available at no cost (free) to all part-time or full-time students, regardless of age and provides the student with a perpetual license. This edition is intended to be used by individual students to support their studies.  To obtain the software students must register at www.siemens.com/plm/solid-edge-student.  Following registration students will receive a welcome email that contains download instructions for the software install executable.  The student’s license is automatically embedded during the software installation process.  All students must register to obtain a valid and legal license.
When a new release of Siemens Solid Edge Student Edition is available, students simply repeat the registration process to obtain the latest release.
Siemens PLM academic contacts
Americas - solidedgeacademic-am.plm@siemens.com 
Asia Pacific - solidedgeacademic-ap.plm@siemens.com 
Europe, Middle East, and Africa - solidedgeacademic-emea.plm@siemens.com 
Planning
These materials are designed to be used flexibly.  The sequencing here is a suggestion and shows just one way of using them in taught lessons with children aged 14-18. Teachers are free to use the materials within their taught lessons, through after-school STEM clubs or as outreach activities.
We encourage all educators and mentors to use your own experiences to personalise the sessions and slides.

[bookmark: _Toc397613081][bookmark: _Toc448299224]Session 1 – Introduction to mechanical systems
Activities
The PowerPoint presentation will help you set the context for Greenpower, the F24 kit car and this guide.
Summarise the pre-requisites stressing the need to be familiar with Siemens Solid Edge 3D modelling software.
In the initial session you will be setting the scene for students using slides 1-5.  
The first class activity is a short investigation giving students experience of levers. Students may have carried out the same or similar investigations in their science courses.
Class activity: Use a metre ruler or strip of timber as a beam to set up a lever like the one above. Place a load on one end and use a force meter on the other.  Pull on the force metre to balance the beam recording the load, force and distances.
Carry out a moments calculation like the one above to show the two sides of the equation are equal.
Repeat the investigation with different loads and fulcrum positions.

Make sure students are using good scientific practice keeping all variables constant except the one they change (independent variable) and the other they observe (dependent variable).
Talk through the sections on:
· Levers as systems
· The lever effect when gears mesh
The class activity reinforces the generic concept of input, process and output applied to mechanical systems.
Class activity – Work in pairs and, for each of the mechanical systems listed on the worksheet, complete the input and output columns.  Sessions 1 - Mechanical systems.docx

Answer sheet - Session 1 - Mechanical systems – Answers.docx will help you review responses from the class.  Pick up on correct answers and explain the reasons for any that are incorrect.

Homework task – Use the internet to research companies that use Solid Edge to develop new products that include mechanical systems and use the information you find to create an illustrated presentation.
If students struggle to find case studies, provide them with a web search string such as: Siemens Solid Edge customer case studies and/or a link to the Siemens web page for Solid Edge customer case studies:
http://www.plm.automation.siemens.com/en_sg/about_us/success/plm-case-studies/solid-edge.shtml 

[bookmark: _Toc397613082][bookmark: _Toc448299225]Session 2 – Gearing systems
Preparation
Prior to this session, create a number of mechanisms covered by card boxes.  It is important that only the input and output is protruding from the card cover. Construction kits like Lego or K’nex are ideal for making these mechanisms and black mounting card covers will reinforce the concept of ‘black box’ i.e. hidden mechanical systems.
Collate student’s responses from session 1 homework into one presentation.
Review
Show the presentation with student’s case studies. Use Q+A to identify the mechanical systems, inputs, processes and outputs for each one. 
Activity
Talk through the gearing systems in the course guide, highlighting the advantages and disadvantages of each one and where appropriate relate the suitability of each one for the F24 kit car.
Stress to the class before giving out the mechanisms that the card covers must be left in place and no peeking inside!  Monitor the group using questioning to get students to accurately record all of the information they can about inputs and outputs.  This could include direction and magnitude of movement, force available, whether the mechanism works ‘both ways’.  The more information they have the greater the likelihood their hypothesis for which mechanisms is in each box will be correct. 
Class activity – Working in pairs, experiment with the ‘hidden’ mechanisms. For each mechanism observe the direction, range of movement (distance travelled) and force at both input and output recording these on the sheet. Session 2 - hidden mechanisms.doc
Based only on your observations, hypothesise which type if mechanism is inside the box and record this in the centre column or the table. NO PEEKING INSIDE THE BOX! Pass your mechanism to the next pair.
Once you have completed all mechanisms, exchange your list with another pair.  The card covers can now be removed and all answers checked. Swap your lists back and see how well you did.

Talk through the table of advantages and disadvantages for gearing systems and relate them to the final drive requirements for a Greenpower car.

Homework:  Follow the link below to view the video on making gears then list the key steps in manufacturing a gear: https://www.youtube.com/watch?v=XZgsV0AZJJ0 

[bookmark: _Toc397613083][bookmark: _Toc448299226]Session 3 – Gearing calculations 
	Prepare 
Build gearing systems for the class activity.  The main document and presentation have illustrations of one built with Lego.
Most mechanical construction kits will have the structural pieces and a gear pair suitable for this activity.
The concept for this equipment is a pair of gears with cotton or thin string wrapped around each axle.  Masses hanging on one side are balanced by a force meter pulling on the other.
In the illustration on the right, the frame supporting the axles has been omitted for clarity.
If you have time you could have the students build the mechanisms for this activity.
	[image: ]
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Review
Use Q+A to build a list of steps in gear manufacture on the white board.
Activity
Start with the concept that gearing systems trade one parameter for another. Stress that the energy coming out can never be more than the energy going in.  Provide examples such as pulley sets and winches where puling with a small force over a large distance lifts a heavy load over a small distance.
Talk through the sections on gear ratio, torque, mechanical advantage, velocity ratio and efficiency. Relate the text to an F24 car and any applications you may have available or can talk about.
The gears in frames prepared earlier will the used in class activity.
Class activity – In pairs, set up the arrangement below using a pair of Lego spur gears lifting a load. 
Using a Newton force meter, one student should pull the string on the input shaft to steadily lift the load. At the same time the second students should read the force and make a note of input v output. 
Repeat the experiment several times with the same load and average the results then repeat with a different load. 
For each load, convert to Newtons and calculate the efficiency of the gearing system.

For the homework, students carry out calculations.  An answer sheet is provided - 
Session 3 - Efficiency – Answers.docx
Homework - Complete the worksheet of efficiency calculations.
Worksheet: Session 3 – Efficiency.docx

Homework task – If you have not already done so, use the link below to register, download and install Siemens Solid Edge software on your computer.  Register now

[bookmark: _Toc397613084][bookmark: _Toc448299227]Session 4 – Gearing in Solid Edge
Review
Go through the homework by focussing on the calculations and building them step by step on the white board or screen. If students had problems with any, go into more details using Q+A to check understanding. 
Activity
Introduce the session using the flowchart for gear creation.
The first class activity is hands-on, following an online tutorial using the mechanism tools in Siemens Solid Edge.
Class activity - Follow the link below to learn how to create a spur gear pair to meet design requirements.
Engineering reference – spur gear tutorial.
https://docs.plm.automation.siemens.com/tdoc/se/108/help/#uid:index_xid718565:xid721892:xid719613 

The Drag component tool is an important technique when testing mechanisms in Solid Edge and the next class activity covers the modes; no analysis, detect collisions and physical motion.  It also shows how the results of analysis are used to modify a design to achieve a viable mechanism.
Class activity: Follow the instructions below to learn about the Drag component tool in Siemens Solid Edge.

The next two activities show how a mechanism can be driven using a motor and captured as a video.
Class activity: in this activity you learn how motors can be used to drive a mechanisms and the resulting motion can be captured as a video.

Class activity - Learn how to add motors to Solid Edge mechanisms here: https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012455/index.html?goto=motor.htm 

The homework asks students to think of products where the different modes in the drag component tool would help designers and engineers to test their ideas.
Homework - You have learned about the Drag component tool which has three modes. Describe three different modelling scenarios, one for each of the modes, explaining how the test will help the engineer test their design. 

[bookmark: _Toc397613085][bookmark: _Toc448299228]Session 5 – The physics of movement
Review
Use Q+A to collate student’s ideas under three headings; no analysis, detect collisions and physical motion.
Activity
Talk through the list of densities linking to any work the students may have done on this topic in science. 
Students perform volume and mass calculations for geometric shapes.  Make links to work students may have done in mathematics.
Class activity – Either long-hand or using a calculator, work out the volume and mass for each of the solids below.  To help you, the worksheet contains the formulae you need.
Document: Session 5 – Volume and mass.docx
After completed the sheet, swap it with one of your classmates and check their work against the answer sheet: 
Document: Session 5 – Volume and mass – Answers.docx

An answer sheet is available: Session 5 - Volume and mass – Answers.docx
For each shape we have also listed the volume as measured by Solid Edge.  For some of the shapes the two values are slightly different. Students should be asked why they think this is.  Reasons include:
· Rounding up or down (including p)
· Tolerances set in the software

The problem of calculating the volume and mass of complex shapes is used to highlight the power and simplicity of the measurement tools in Siemens Solid edge.
Class activity – Complete this tutorial learning how to use the Inspection tools in Solid Edge:
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012449/xid292832.htm

Use the examples in the course booklet to explain the difference between mass and weight. Students are asked to calculate their own weight in Newtons to highlight that incorrect units are commonly used to express a person’s weight.  
Note: Some students may be sensitive about their weight so mentors should allow students to keep the results of this calculation private. 
Class activity: work out your weight in Newtons and next time someone asks you your weight, tell them in Newtons and see how they react.
Weight (Newtons) = Mass (Kg) x 9.81 (force of gravity)
Weight (Newtons) = ________ (Kg) x 9.81 (force of gravity)
Weight = __________ Newtons

Under the heading of ‘Motion’, the concept of inertia (resistance to change in motion) is introduced. Talk through the descriptions adding your own examples.
Introduce the class activity.  Monitor students providing support as necessary.
Class activity – Using the information below work out:
The turning force (torque) at the tyre.
	Torque at the motor (5 Nm)
	Gear ratio = 1:6
	Wheel diameter = 0.496 m
	Drive system efficiency = 90%
If the combined mass of car plus driver is 130 kg, how fast will it accelerate.
Document: Session 5 – F24 acceleration – answer.docx

Once all students have attempted the task, go through the calculations on the white board. To help, an answer sheet is provided: Session 5 – F24 acceleration – answer.docx

The term inertia is now introduced. Talk through the description and examples adding your own experiences.
Talk through the examples of light structures.  Ideally you should source physical samples of the materials and make them available for students to handle.
Homework – Light structures
The table of lightweight structures above is reproduced in the worksheet for this homework. Research examples of the products which use the materials and paste a picture in the right hand column next to each material.
Document: Session 5 - Lightweight structures.docx

An answer sheet is provided: Session 5 - Lightweight structures - Answers.docx

[bookmark: _Toc397613086][bookmark: _Toc448299229]Session 6 – Modelling chain drives with Solid Edge
Review
Use Q+A to collate the examples that students researched for homework.  For the Glulam beam, use the link on the answer sheet to highlight how these were used in the Greenpower headquarters building in the UK. If time allows, use links on the slide to explore with the class the other sustainable aspects of this building. 
Activity
This session focusses on sprockets and chains, the drive system used by most Greenpower teams and on the F24 kit car.
Talk through the geometry and show how the complex tooth geometry can take time to construct manually.  The sketcher in Solid Edge could be used for this.
Next, students follow an online tutorial for automatic gear creation.
Class activity: Complete the spur gear creation tutorial here: 
https://docs.plm.automation.siemens.com/tdoc/se/108/help/#uid:index_xid718565:xid721892:xid719613 

The technique they have just learned is used to create sprockets using F24 parameters we provide.
Class activity: Now use the same technique to create a pair of sprockets using the instructions and parameters below

Next students add a motor and use this to create a video of the sprockets rotating.
Class activity: You will now learn how to add a motor to the sprockets assembly and set up an animation.

There are occasions when the automatic mechanism creation cannot be used. The next activity shows how to create a mechanism connection manually.
Class activity: In this activity you will learn how to create a ratio connection between two sprockets manually.

By interacting with a commercial Solid Edge model, students become aware of the level of complexity Siemens Solid Edge can accommodate to help engineers optimise their designs.  
Class activity: Interact with a commercial chain model to see the full potential of the mechanism tools in Siemens Solid Edge.

Animating this complex assembly will cause screens to refresh slowly on some school computers.  Use this to raise the question “how complex should engineers model their design?”.  
Introduce this idea, using the bullets in the course guide and description of the chain drive in the Solid Edge model of the F24 kit car.
Homework - Research chain numbers completing the table in the document:
Document: 	Session 6 – Chain numbers.docx

An answer sheet has been provided for the homework - Session 6 – Chain numbers - answers.docx

[bookmark: _Toc397613087][bookmark: _Toc448299230]Session 7 – Design improvements
Review
Go through the answer sheet correcting any errors using Q+A to address any misconceptions in student’s homework.
Activity
The design of chain drives involves more decisions than simply the ratio and torque capacity.  This session starts with a summary of some of these other factors. Talk through them with the students adding your own experiences and examples.
For the class activity, students can use any construction kit that has the parts needed to construct a differential within a small wheeled, steerable vehicle. Lego has a dedicated differential.
If time is at a premium, and you have technical support, the vehicles could be built for the students allowing them to focus on the differential.
Class activity – Use a technical construction kit like Lego to model a simple steerable vehicle with a differential. 
Experiment to see how the driven wheels rotate at different rates when turning.

Homework - Research Harmonic drives then use sketches and words to describe how they work. List their pros and cons then give three applications where they are used.
Harmonic drives are used extensively in robotics as they achieve a very high gear ration in a compact space.  Students should have no difficulty researching them.  If any do, a good starting point is the Wikipedia entry: https://en.wikipedia.org/wiki/Harmonic_drive 

[bookmark: _Toc397613088][bookmark: _Toc448299231]Session 8 – F24 chain drive
Review
Use Q+A to review what students found out about harmonic drives then summarise their operation and applications.
Activity
In this session all of the previous learning is brought together to settle on a specification for the chain drive on an F24 car. Take some time to talk through the narration of the major design decisions with students.  Add your own experience and answer any questions that arise.  Where there are calculations, develop them step by step on the white board while explaining (modelling) the thought processes and decisions as you go.
The class activity should be done with students in pairs to encourage discussion and cooperation.
Class activity – Use a technical construction kit like Lego to build a chain driven vehicle. Count the number of teeth on the two sprockets and measure the diameter of the wheel. 
Using mathematics: Calculate the number of times the input shaft rotates for one revolution of the wheels.
Calculate the distance travelled for one revolution of the wheel.

There are two short homework tasks, the first looking at a different way of describing gearing.
Homework task: Research how the gearing of bicycles is described today compared with the early high wheel or penny farthing bicycles.

The limiting factor on how fast high wheel bicycles would go was the diameter of the wheel and with the pedals connected to the axle, these bicycles were designed and built to match the rider’s inside leg measurement. As a result, taller riders could go faster than shorter ones.
Information students find out in the second homework task feeds into the final session.
Homework task: Use the internet to research companies that use Solid Edge to develop new products and create a case study presentation.

[bookmark: _Toc397613089][bookmark: _Toc448299232]Session 9 – Presentations
Review
This session is an opportunity for you to review how the gearing of vintage bicycles was expressed and the case studies students came up with for set for homework.
Activity
Review the case studies created by students about professional designers and engineers who use Siemens Solid Edge and products developed using the software.
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