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[bookmark: _Toc397613074][bookmark: _Toc448137198]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 surfacing.docx contains a course map reproduced here.
[image: ]
[bookmark: _Toc397613075]Duration
[bookmark: _Toc397613076]This guided learning activity has been design to last for ten 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 surfacing - Teachers’ notes.docx: this document aimed at educators and mentors.
· Introduction to surfacing.pptx: A PowerPoint to present at the start of the project and at the start of each session.
· Introduction to surfacing.docx Aimed at educators/mentors to develop structured lessons/activities within the curriculum and/or as an extra-curricular STEM activity.  The document can be edited to suit the delivery format and style of the educator/mentor and the students.
· Faded frame.docx – Templates for sketching practice in session five.
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 for this project containing all the project specific files.  These are;
	i. Bounded_surfaces.prt 
ii. Hyperbolic_paraboloid.par
iii. Cyclide.par
iv. Monkey_saddle.par
v. Norm_one_surface_family.par
vi. F24 Chassis Weldment – Complete.asm
vii. Body_side_left_middle.par
viii. Crossing.par

	ix. Crossing_routing.par
x. Lens.par
xi. Nose_mould.asm
xii. Nose_mould.par
xiii. Nose_mould_top.par
xiv. Nose_mould_bottom.par
xv. Uni_body.par
xvi. Uni_body_single_part.prt
xvii. Seat left.psm



2. Make the project 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. Work through the Introduction to surfacing.docx yourself.
5. Familiarise yourself with the introduction to surfacing.pptx including the notes on each slide.
6. Plan how you will incorporate the project in your teaching.
Outcome
Students should:
· Be aware of 3D geometry
· how 3D computer modelling software is used to create curved surfaces.
· Use Siemens Solid Edge to create and edit body panels for the F24 Greenpower kit car.
· Consider the materials and manufacturing processes when designing and computer modelling body parts for the F24 Greenpower kit car.
[bookmark: _Toc397613078][bookmark: _Toc448137199]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 and teachers the confidence to deploy Solid Edge within the classroom and develop material to support the use of Solid Edge within the 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.

[bookmark: _Toc397613081][bookmark: _Toc448137200]Session 1 – Introduction to surfacing
Activities
Start off with the PowerPoint presentation, setting the context for Greenpower, the F24 kit car and this guide.
Go through the pre-requisites stressing the need to be familiar with Siemens Solid Edge software.
In the initial session you will be setting the scene for students which is covered in slides 1-5.  Feel free to use your own experiences to personalise the slides and the sessions.
Step 1 - Focusses on curves and splines with students completing an online Solid Edge tutorial covering Drawing and Editing a curve.
Class Activity: Learn about curves and splines by following the link below and completing all of the headings down to the hands-on activity Drawing and editing a curve:
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=titlepage.htm

Step 2 - Builds on the previous task with students creating revolved and extruded surfaces from sketched curves.
Class Activity: Learn about simple surfaces by following the link below and completing the tasks under the sub-heading Surface creation down to, and including [image: ] Creating and editing simple surfaces.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=titlepage.htm

Step 3 - More complex surfaces can be created using bound surfaces, a staple technique in 3D computer modelling and practiced by students as they create several. All of the resulting surfaces are double curvature with some derived from straight lines and some from curves. 
Class Activity: Follow the steps below to create bounded surfaces using the sketch geometry we have provided.

Step 4 - Takes bounded surface further with students completing an online Solid Edge tutorial.
Class Activity: Learn More about bounded surfaces by following the link below and reading the sub-heading Surface creation > Bounded Surface command:
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=titlepage.htm 

Step 5 - Makes a link between ‘mathematical’ surfaces and shapes created using the surfacing techniques in Siemens Solid Edge. We also introduce ‘zebra stripes’, an analysis tool for visualising curved surfaces.
Class Activity – Open the files listed below and for each one, interrogate Pathfinder to view the sketches and see how they were used to create the surfaces.

The homework for this session asks students to research mathematical shapes plus a link to free software for creating 3D shapes by manipulating mathematical parameters.
Homework task: The web contains many web sites devoted to 3D mathematical shapes.  Research these starting with a search for “mathematical 3D shapes”.

 Download and run the software in the link below and use it to generate your own shapes. 
http://3d-xplormath.org/

Create a presentation of your shapes and the parameters used to create them.

[bookmark: _Toc397613082][bookmark: _Toc448137201]Session 2 – Nose
Homework Review
Review the homework submitted by students focussing on the mathematics used to create the 3D shapes they have found or created using the free software.
Activity
Students follow the online tutorial covering an overview, creation/editing and revolved surfaces.
Class activity: Follow the link below and complete the sections;
Surface creation > Overview of surfaces.
Surface creation > Creating a simple surface > Revolved surface command.
Surface creation > Creating a simple surface > Creating and editing simple surfaces.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=activity0301_03.htm 

Step 1 – Revolve top
Class activity: Follow the steps below to create a revolved top surface for the nose of a Greenpower F24 kit car.


Step 2 – Sweep sides
First complete an online tutorial learning how to create swept surfaces.
Class activity: Follow the link below and complete two sections;
Surface Creation > Swept surface command 
Surface Creation > [image: ] Creating a swept surface.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=titlepage.htm

Step by step instructions for students on how to create swept sides for the nose.
Class activity: Follow the step by step instructions modelling swept sides for the nose.

Students learn how to trim surfaces by following an online tutorial.
Class activity: Follow the link below and complete the sections;
Trim surface command.
[image: ] Surface manipulation.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=titlepage.htm 

Step 4 – Keypoint curve
Students learn about Keypoint curves and how to create them by following an online tutorial.
Class Activity: Follow the link below and complete the sections;
Keypoint curve command.
Creating keypoint curves.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=titlepage.htm

The new skills are applied creating a keypoint curve across the nose which is needed later when creating the sketched profile for the bottom surface.
Class activity: Use your new skills to create a keypoint curve across the front of the nose.


Step 5 – Sketch profile for base
This sketch is now used to sweep the base surface of the nose.
Class activity: Create a sketch profile for the base surface of the nose.

Step 6 – Extrude base
Class activity: Using the sketch profile, create an extruded surface for the base of the nose.

Step 7 – Trim sides, base and tip
Students trim surfaces from the nose.
Class activity: trim the side, bottom and tip surfaces of the nose.

Step 8 – Project an outline
First, students learn about the Project command by following an online tutorial.
Class Activity: Follow the link below and complete the sections;
Project curve command
Project curve options dialog box
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=titlepage.htm 

Students resume a sketch then project the outline onto the top surface of the nose.
Class activity: The instructions that follow show how to:
Resume a sketch in Pathfinder.
Project the sketch on the top surface of the nose for a cut-out.
 
Step 9 – Trim opening
The curve projected in the previous step is used to trim an opening in the top of the nose.
Class activity: Follow the step by step instructions to create an opening in the top of the nose.


Step 10 Bound rear surface
Filling in the rear face of the nose creates a flange for bolting to the front bulkhead of the F24 chassis
If students cannot remember how to create a Bounded surface they can follow the link to an online turorial.
Class Activity: Follow the link below and read the section;
Surface creation > Bounded surface command
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=titlepage.htm 

Students create a bounded surface on the rear of the nose.
Class activity: Create a bounded surface on the rear of the nose.

Step 11 – Stich surfaces
Students stich the surfaces, an essential step prior to thickening. If any students need a refresher they can follow the link.
Class Activity: Use the link below to complete the sections:
Stitched surface command.
[image: ] Surface manipulation (Note: you may have already completed this step).
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=titlepage.htm 

Step by step instructions show students how to thicken the nose.
Class activity: Follow the step by step instructions to stitch the surfaces together.

Step 12 – Thicken inside
The nose can now be thickened.
Class activity: Thicken the nose surfaces by 4 mm, inside the shape

Step 13 – Paint surfaces
Applying a coloured texture and saving the model completes this component.
Class activity: Follow the instructions below to apply an appearance to the model.

The homework aims to broaden students understanding of 3D computer modelling and how Siemens Solid Edge is able to create complex shapes with ease. 
Homework task: Watch the videos linked below to learn more about:
Solid Edge ST8. https://www.youtube.com/watch?v=lWaqhHuAyu4&list=PL1m1vu8_quoC5c3fpMitePX5jDesdBDcf
Complex shapes in Solid Edge:
https://www.youtube.com/watch?v=0hWsp8sFRhE&index=16&list=PL1m1vu8_quoC5c3fpMitePX5jDesdBDcf 

[bookmark: _Toc397613083][bookmark: _Toc448137202]Session 3 – Middle side panel
Homework Review
Spend a few moments with Q&A to share the information students researched for homework about Solid Edge ST8 and how it can create complex shapes with ease.
Activity
The side panels are a fairly simple shape and an ideal opportunity for students to practice keypoint curve, sweep, stitch, and thicken.  An extrude removing material is used to create cut-outs for the suspension mounts.
Class activity: Follow the step by step instructions to model side panels for the F24 kit car.

The homework asks students to research companies that use Siemens Solid Edge. This task will be tricky as most companies will not disclose which 3D modelling software they use and CAD vendors are sometimes prevented from saying which companies use their software. 
Homework: Use the internet to research companies that use Solid Edge to develop new products.
Look for products with complex curved shapes.  Use the information you find to create an illustrated presentation.  Make sure you credit the sources you use.
Note: If you are struggling to find examples contact your mentor/teacher before the hand-in date.
When you set the homework challenge students to find the information for themselves to gain most credit but be alert to those who struggle and provide the link below to Siemens web pages for Solid Edge case studies.
https://www.plm.automation.siemens.com/en_us/about_us/success/plm-case-studies/solid-edge.shtml

[bookmark: _Toc397613084][bookmark: _Toc448137203]Session 4 – Rear side panel
Prior to the session collate the presentations students submitted for homework ready to display to the class.
Homework Review
Share the presentations with the class asking each student to briefly summarise what they found out.
Activity
Slide 8 of the PowerPoint presentation provides an overview of this session. Do not move to the next slide until students have completed the first class activity.
The rear side panel is a more complex shape constructed mostly from a framework of crossing curves and the first part of the session is an online tutorial providing practice of this technique.
Class Activity: Follow the link below and complete these sections:
Cross curve command
[image: ] Additional curve creation methods
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=titlepage.htm 

Slide 9 in the presentation has solutions to tasks 1-3.

Task 4 - Route around objects
In this task students learn how a crossing curve can be used to create a path avoiding obstacles which can then be used to create a swept pipe or cable.

Task 5 – Side rear body panel 
Rather than creating a model from scratch, this section has students interrogating a finished model.  To help them with this, students first follow an online tutorial covering Pathfinder.
Class activity: Learn about PathFinder by following the link below and read through the section.
Using PathFinder in a part model.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012461/index.html?goto=pthfndb2a.htm 

These techniques are equally useful when creating new models and when finding out the modelling strategies used by others.

Task 6 – Interrogate the model
Students apply the Pathfinder skills they have learned to find out how the Side panel was modelled.
Homework
The homework points students to the web site for company Razor and their Crazy Kart which was designed using Siemens Solid Edge. Students are asked to research the way drivers control the amount of drift.  
Homework:  Follow the link below to read about Razor, a company that uses Solid Edge to design cool products. Check out their Crazy cart and then create a slide presentation explaining how drivers control how much the car drifts. http://www.razor.com/ 
Students can download a 3D model of the Crazy Cart that will open in Solid Edge here:
https://grabcad.com/challenges/the-get-crazy-razor-crazy-cart-design-challenge 

[bookmark: _Toc397613085][bookmark: _Toc448137204]Session 5 – Rear top panel – Planning surface geometry
Homework Review
You are likely to get a wide range of responses to the homework. A full description with illustrations is on slides 10 - 11 in the presentation.
Activity
Provide copies of the sketching templates at the back of the main document.  Give students a few minutes to sketch their own ideas for body shapes. 
Class activity: Using the templates in the appendices, sketch your own ideas for body panels.

Students are shown how to model a top rear cover for the F24 kit car
Class activity: Follow the step-by-step instructions to create a top cover for the rear of the F24 car.

Homework is a search for jobs using Siemens Solid Edge. 
Homework: Carry out a web search for jobs using Solid Edge software.
Make a list of the salaries on offer for at least five different jobs then work out the average annual salary for professionals using Solid Edge.

[bookmark: _Toc397613086][bookmark: _Toc448137205]Session 6 – Rear light lens
Homework Review
Review jobs found by students listing the salaries.
Finding sites with jobs that specifically mention Solid Edge requires a two-step search explained on Slide 13 in the notes section.  The slide also has four jobs that were advertised in March 2016.
Activity
This session takes a short break from creating body panels for the F24 Greenpower kit car, teaching students how to add mounting bosses, holes and mating lips to parts.
Students follow a link to an online tutorial on creating boss features.
Class activity: Follow the link below, from the list on the left, open the sub heading Modeling a machined part and then complete the section: Add mounting boss features.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012418/index.html?goto=tf_ex01_010.htm .

Students apply their new-found skills and follow step-by-step instructions to add mounting bosses, holes and a lip to the lens of a rear light.
Class activity: Follow the link below and, from the list on the left, complete the activity 
Add lip features.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/seppcpl/index.html?goto=construct_a_lip.htm 

The homework sends students to the web site of Benalu, a company that uses Solid Edge to design truck bodies. Students are asked to find out which materials Benalu uses for the bodies and chassis of their trailers explaining the reasons for the choices.
Homework: French company Benalu uses Solid Edge to design their truck bodies.  Follow the link below to learn about their products.  From the company web site, identify the materials used for the body and chassis and explain why the company chose them. http://www.benalu.com/ 
and
http://www.plm.automation.siemens.com/en_sg/about_us/success/case_study.cfm?Component=142727&ComponentTemplate=1481 

[bookmark: _Toc397613087][bookmark: _Toc448137206]Session 7 – Creating moulds
Homework Review
Company Benalu manufactures truck bodies and trailers.  They use Solid Edge to design and manufacture their products.
Bodies and chassis are made of aluminium. Aluminium is light, strong and helps with stability. Aluminium has good strength to weight ratio offsetting the higher material cost.
Activity
This session teaches students about the creation of moulds.  Moulding is a very important manufacturing process suited to manufacturing identical parts in very large quantities. 
First students follow a link to an online tutorial showing how Solid Edge helps find a split line and create a parting surface.
Class activity: Follow the link below and, from the list on the left, complete the activity
[image: ] Parting split and parting surface.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012434/index.html?goto=activity0403_06.htm

Not all shapes lend themselves to automatic mould creation. The steps in manually creating moulds is explained and with students then interrogating a completed assembly to see how the mould parts were created.
Class activity: Open the Nose_mould.asm assembly and use Pathfinder to find out how the parts and features were created. This assembly is available in the tutorial folder for this guide.

Some companies especially small to medium manufacturing businesses outsource the design of their products.  The homework for this session focusses a design studio in Portugal.
Homework: Not all companies have their own in-house design teams. They might use outside consultancies for anything from initial ideas through concept models to fully functioning prototypes. 
GRANDESIGN is a consultancy operating in Portugal with clients in many countries.  Follow the link below and find out how many clients they list.
http://www.grandesign.pt/ 

[bookmark: _Toc397613088][bookmark: _Toc448137207]Session 8 – Splitting surfaces
Homework Review
At the time of writing (March 2016), the Grandesign web site listed 33 clients on its web site.
[image: ]
GRANDESIGN is part of the VANGEST Group of companies.  To demonstrate the importance of Education the following YouTube video shows the launch event for “Engineering: made in Portugal”; a partnership between Siemens, the VANGEST Group and the Portuguese government to promote design and engineering within Portuguese education.  Siemens Solid Edge is provided to all schools, colleges and industry focused universities in Portugal.
https://www.youtube.com/watch?v=eyLKplK1f88 
Activity
Splitting a single surface enables designers to achieve a perfect match between body parts.
Students first learn the technique using an online tutorial.
Class activity: Follow the link below and, from the list on the left, complete the sub heading: Split the model into separate bodies.
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/seppcpl/index.html?goto=divide_the_part.htm 

Students than apply the technique to a body for the F24 Greenpower kit car.
Class activity: Practice the new technique you have learned of splitting a surface on a model body for the F24 Greenpower kit car.


Homework: Another design consultancy is Elephant Design who are based in India.  Follow the link below to learn about the company and designs for executive luggage they developed for VIP Industries.
http://www.elephantdesign.com/case-study/Product-Design/VIP-Admiral/9.aspx 
http://www.vipindustries.co.in/index.php 

[bookmark: _Toc397613089][bookmark: _Toc448137208]Session 9 – Manufacturing
Activity
How a design will be manufacturing is an important consideration and something designers and engineers take into account throughout the development of a new product.  Sheet metal fabrication is a mainstream manufacturing technique employed for several components in the F24 Greenpower kit car including the seat.
Students gain an understanding of sheet metal by interrogating a Solid Edge model of the F24 kit car seat.
Class activity: Practice the new technique you have learned of splitting a surface on a model body for the F24 Greenpower kit car.

Students are shown a range of manufacturing techniques that use sheet materials including: folding, line bending, vacuum forming and fibre reinforced polymers.
The class activity pulls together several of the sessions with students writing a report on prospective body shapes, practicalities of mounting and maintenance plus the manufacturing techniques that would be used.
Class activity: Write a report for your F24 car which includes:
Sketches for the different body shapes you have considered.
A more detailed sketch of your chosen body shape with reasons for your choice.
A description of how the body is divided and fitted to the chassis.
A description of the material(s) used and how each part would be manufactured.

Homework: Follow the link below to view an online video demonstrating advanced surfacing techniques in Solid Edge. https://www.youtube.com/watch?v=gEVMF03uEsc 


[bookmark: _Toc397613090][bookmark: _Toc448137209]Session 10 – Commercial examples
Activity
This session is an opportunity for students to review their peer’s case studies (set for homework).
Students also learn about a professional designer who uses Siemens Solid Edge and new products developed using the software.

Additional material
More information on Solid Edge Surfacing can be found in the following document published in 2004.
http://www.tlu.ee/~kivik/Solid/Tund14/SURF/mt01418-160.pdf
This may not be up-to-date in terms of the most recent release of Solid Edge but this document contains good explanations of surfacing in Solid Edge and would make good additional reading for some students.
[bookmark: _GoBack]
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