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[bookmark: _Toc447209626]Course map
CONTEXT AND PURPOSE
Greenpower / Target audience / Pre-requisites / Aims / Objectives/Instructions


THE BIG PICTURE



Session 3 – Middle side panel
Description – How to create side body panels for the F24 kit car.
Learning Goals – Apply surfacing techniques including; keypoint curves, sweep, stitch, thicken and cut-out.
Why is this important? – Practise creating surfaces from curve geometry is critical to developing competence and this session reinforces the techniques learned in previous sessions.
Session 2 – Nose
Description – Hands-on guide to creating a nose for the F24 kit car.
Learning goals – The creation of surfaces from curves and line using; revolve, extrude, sweep, trim project, bound, stitch and thicken.
Why is this important? – Curves form the basis of most curve creation and this session provides step by step instructions on these techniques
Session 1 – Intro’ to surfacing
Description – An introduction to surface geometry and the concepts of surface modelling.
Learning goals – Awareness of surfacing techniques and the advantages over solid modelling.
Why is this important? – Surface modelling Is ideally suited to the creation and editing of shapes with flowing curves including aerodynamic car bodies. 







Session 9 – Manufacturing
Description – Overview of manufacturing processes and materials.
Learning goals – Be aware of materials suitable for body parts and associated manufacturing processes.
Why is this important? – An understanding of materials and their suitability will help teams develop strong, light weight and efficient F24 cars.

Session 8 – Splitting surfaces
Description – This session covers the technique of splitting a single surface into separate parts.
Learning goals – Understand and experience how surfaces can be split.
Why is this important? – Achieving surfaces that flow smoothly between parts is a key goal of designers and splitting large surfaces is a key technique in achieving this.
Session 7 – Creating moulds 
Description – Introduces techniques of creating moulds from 3d models.
Learning goals – Awareness of mould principles and experience two methods of creating moulds.
Why is this important? – Moulding is a mainstream manufacturing process and awareness is key to designing mouldable products. 

SURFACES IN ACTION
Session 4 – Rear side panel
Description – Guided hands-on tasks using Solid Edge.
Learning goals – Introduces the cross curves tool to construct 3D curves.
Why is this important? – 3D curves are a key technique in the creation of 3D surfaces.

Session 5 – Rear top panel. 
Description – Explores how to plan a modelling strategy.
Learning goals – Understand the fundamentals of planning modelling strategies.
Why is this important? – Being able to plan a modelling strategy from a shape is key to developing competence creating surface models.

Session 6 – Rear light lens
Description – Adding solid model features to a surface shape.
Learning goals – Understand how solid features including screw fixings can be added to a surface shape.
Why is this important? – Surface shapes need to connect and attach to solid parts and mountings are best created using solid modelling features.

THE POWER OF SURFACING
Session 10 – Commercial examples
Description – Learn about a company and a designer who use Solid Edge to create surface models.
APPENDICES
Greenpower Challenge / Sketching templates

[bookmark: _Toc447209627]Greenpower overview
The Institute of Mechanical Engineers set up the Greenpower Challenge in the UK in 1999 and this STEM project is now running in five countries; UK, USA, Poland, China, and South Africa (as of April 2016).
	As part of the Greenpower Challenge, students design, build, and race an electric-powered car with the focus on energy efficiency.  There are different Greenpower categories covering the full range of education from primary school through to University and graduate/apprentice schemes.
Many teams getting involved for the first time use the Greenpower Challenge Formula 24 Kit Car as a starting point
	[image: C:\Users\TimB\Documents\01 Curriculum\Designs\Greenpower\SolidEdge\Images\GP_F24_kit.jpg]

	[bookmark: _Toc446224723][bookmark: _Toc447209628]Target audience
	

	This guide is aimed at adults mentoring teams of students taking part in the Greenpower Challenge.
Mentors should familiarise themselves with this guide and plan when to introduce each session.
Mentors should explain each task and personalise the delivery with their own examples and experiences.
Students will then be able to use the resource as a reference supported by mentors.
	[image: Green Power electric car] www.aston.ac.uk


[bookmark: _Toc447209629]Mentor pre-requisites
· Detailed understanding of the Greenpower F24 challenge.
· In-depth knowledge of the current F24 rules.
· Completion of the Siemens Solid Edge tutorial - Introduction to 3D modelling
· Completion of this tutorial.
· Awareness of the underlying principles of 3D surface modelling and how these are implemented in Siemens Solid Edge.
[bookmark: _Toc447209630]Student pre-requisites
· Awareness of geometric and free form 3D shapes.
· Siemens Solid Edge installed on your computer. Register here
· Completion of the Siemens Solid Edge tutorial - Introduction to 3D modelling
[bookmark: _Toc447209631]Course aim
Develop students’ awareness and understanding of 3D surfaces and how computer modelling can be used to create and edit them.
[bookmark: _Toc447209632]Course objectives
In this course, students will:
	
· Learn about 3D geometry.

	[image: ]  [image: ]

	· Learn how 3D computer modelling software is used to create curved surfaces.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5d4960.PNG]

	· Use Solid Edge to create and edit body panels for the F24 Greenpower kit car.

	[image: ]

	· Consider the materials and manufacturing processes when designing and computer modelling body parts for the F24 Greenpower kit car.

	[image: Click to view full size image]


[bookmark: _Toc447209633]Downloading files
The files for this exercise are contained in the zip file with this document.   For the full set of material for this project and for other projects, please visit www.siemens.com/plm/academic/greenpower 


[bookmark: _Toc447209634]Format of instructions
The following conventions have been used in this booklet to clarify the information being presented and help you follow the steps.
	Across the top of the Solid Edge window, select L1 the Simulation tab.
	Numbered paragraphs are instructions you should carry out using Solid Edge software.  Within the paragraphs, Bold text signifying an action such as numbers/text to be typed, selections to be made or mouse clicks.

	Animate [image: ]
	Bold text is used for commands with screen Icons inserted alongside.  Some of the command names are only visible as pop-up tool-tips when you pause the mouse over the icon.

	[image: ]
	Red outlines draw your attention to information on images and in some cases identify fields where information has to be typed.

	L3
	Bold red text in the instructions and on diagrams use L, M and R to signify clicking the left, middle or right mouse button and a number to signify the sequence.  So, L3 is the third step in a sequence and requires a left mouse click.

	
	Arrows are used for three purposes; linking test with images, showing forces or the direction of movement.



Hands-on tasks
Class activity: These panels describe hands-on activities that complement the software knowledge and skills you are learning and may involve working in small groups or individually.
Self-paced online tutorials - Some tasks require you to work through tasks on your own. On these occasions we provide a web link to the resources and a list of which sections to work through.

Homework task – These panels suggest tasks for home to reinforce learning and prepare for future sessions.


[bookmark: _Toc447209635]Session one – Introduction to surfacing
[bookmark: _Toc447209636]Overview
	This guide builds on the techniques covered in the course: Introduction to 3D modelling which focusses on the design and modelling of a steering yoke for the Greenpower F24 kit car using Siemens Solid Edge.
Those techniques are used by engineers around the world to create precision components for new products.
	[image: ]


	Product/industrial designers have a different focus to engineers, they are more concerned with the form or shape of an object.
The surfacing tools in Solid Edge allow product designers to create and edit surface geometry.
As well as learning the basics of creating and editing surfaces, this guide teaches techniques that can be used to create a streamlined body for the F24 Greenpower kit car.
	[image: ]



[bookmark: _Toc447209637]Step 1 - Splines and curves
	At the heart of surfacing is the creation and editing of curves or splines. 
Curves or splines include straight lines, curves with constant radius and freeform curves.
You should already be familiar with creating and editing lines in sketches using Solid Edge.
	[image: ]




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 

[bookmark: _Toc447209638]Step 2 - Revolved and extruded surfaces
	The surfacing tools in Solid Edge include revolve and extrude both of which work in a very similar way but create models with zero thickness.
	[image: ]	[image: ]



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 

[bookmark: _Toc447209639]Step 3 - Bounded surface creation
	Where a series of lines are connected at their ends, it is possible to create a bounded surface. In this section you will be shown how to create bounded create surfaces using curves that we provide.



Class Activity: Follow the steps below to create bounded surfaces using the sketch geometry we have provided.
	Illustrations on the left show the curves with construction lines removed for clarity whilst images on the right show the resulting surfaces.

	[image: ]
	505[image: ]


	1. Open the file Bounded_surfaces.prt

The dot-dash lines are construction lines.

Rotate the model to get a clear idea of the shapes and how each set is linked across two sketches at right angles.
	[image: ]


	Position the model so that you can see the four curves (straight lines in this case) in the middle.
	[image: ]


	Activate the Surfacing tab and, in the Surfaces group click Bounded [image: ].
[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML1f7bf78c.PNG]


	Left click each of the four straight lines.

When you select the fourth line, Solid Edge recognises the selections as a loop and creates a surface between the curves.
Note: It is important the lines are connected.  Any gaps will prevent a surface being created.
	[image: ]

	In the command bar, click Accept [image: ] or right click to confirm the selections.
In the command bar, click Finish or right click to complete the surface. 
The Boundary command is still active, allowing you to create a new surface.
Repeat the process for each group of lines.
	[image: ]


	In the model tree, hide all the sketches. 
Rotate the model to gain a clear idea how the lines are arranged and the surface that results.
Note: The curve groups include straight, curved or a combination of these two types of line.

	[image: ]


	
Note: Where boundaries cross between sketches it is vital the ends of lines properly reference lines in the other sketch.  These are called pierce points.
The ends of the blue curves in the horizontal sketch ‘reference’ the ends of the black curves in the vertical sketch.
	[image: ]



[bookmark: _Toc447209640]Step 4 – More bounded surfaces
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 

[bookmark: _Toc447209641]Step 5 - Mathematical surfaces
A number of ‘mathematical’ surfaces have been created for you to explore.
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.
	Hyperbolic paraboloid.
This was the central surface in the file used for the previous task. A single version has been created for you to explore. 
1. Open the file Hyperbolic_paraboloid.par
To make the shape easier to see, zebra stripes have been turned on in this illustration. The command for zebra stripes is located in the Inspect tab, Analyze group.
Zebra stripes allow designers to evaluate shapes and decide how well surfaces blend into one another.
	[image: ]




	Cyclide
1. Open the file Cyclide.par 
The Sweep tool was used to create this surface based on two perpendicular sketches. 
The first sketch contains a circle for the path and the second sketch, two circles for the small and large cross sections.  
Interrogate the features to see how the two section circles are constrained to the path circle.
	[image: ]	[image: ]


	Monkey saddle
Open the file Monkey_saddle.par
This surface uses four sketches in a square arrangement each one containing a single polyline.  The polylines are joined at their ends (pierce points).

	[image: ]	[image: ]

	Norm one surface family
Open the file Norm_one_surface_family.par
The starting point for this shape is a bounded surface created from three perpendicular lines.  
This shape was patterned four times around the vertical axis and the result mirrored below.

	[image: ]	[image: ]



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: _Toc447209642]Session two – Nose 
[bookmark: _Toc447209643]Overview
	This task will show you how to create the nose part for the F24 kit car using surfacing techniques.
Sketches have been created for you which you will use to create, edit and combine surfaces.  
The surfaces will then be stitched together and thickened to create a nose that can be manufactured.
The key steps in the process are:
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5d4960.PNG]

	Step 1 – Revolve top
	Step 2 – Sweep sides
	Step 3 – Trim top and sides

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML490f5c.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML4a6864.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML4ba2d4.PNG]

	Step 4 – Keypoint curve
	Step 5 – Sketch for base
	Step 6 - Extrude base

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML18b4e27.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5021290.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML4d9d78.PNG]

	Step 7 – Trim sides and base
	Step 7 – Project an outline
	Step 8 -  Trim opening

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML4eb857.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML506114.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML51c82f.PNG]

	Step 9 – Bound rear surface
	Step 10 – Stitch surfaces
	Step 11 – Thicken inside

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5d6aa02.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML550d3a.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5a3cc3.PNG]

	Step 12 – Paint surfaces
	
	

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML603424c.PNG]
	
	



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 
[bookmark: _Toc447209644]Getting started
	1. Start Solid Edge.
Navigate to the folder where you placed the Greenpower files.
Open the file F24 Chassis Weldment – Complete.asm
In PathFinder right click the part Nose4.par and, in the floating menu, choose [image: ] Edit in place.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLafe015.PNG]



[bookmark: _Toc447209645]

	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.

	
1. Use the technique you have just learned to create a revolved surface using the lines L1 and L2 as the profile.
The axis line L3, is located below the frame.
Rotate the revolve 50 degrees forward of the chassis.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML106088d.PNG]

	The revolved surface will be added to PathFinder.
	[image: ]
Save the model.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML1189f8e.PNG]



	[bookmark: _Toc447209646]Step 2 - Sweep sides


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 

Class activity: Follow the step by step instructions modelling swept sides for the nose.

	1. Use the [image: ] Sweep tool to create a surface using line L1 as the path.
The section is made up of the small vertical line L2 and longer diagonal line L3. 

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML12286d1.PNG]


	When complete, the new sweep feature will be added to PathFinder.
[image: ]

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLe5cfb1.PNG]


	
Create another sweep on the other side of the nose.
Save the model.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLe97a61.PNG]


[bookmark: _Toc447209647]

	Step 3 - Trim top and sides


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 

Use your new skills to trim the nose
Class activity: Follow the step by step instructions trimming the nose surfaces.

	1. [image: ] Trim the top surface using the side surfaces.


	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML18edba6.PNG]

	 Trim both side surfaces using the top surface.
Save the model.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML190542f.PNG]


	[bookmark: _Toc447209648]Step 4 - Keypoint curve


Geometry is needed across the nose where the top and sides meet and a keypoint curve will do this. Follow this online tutorial to learn about keypoint curves and how to create them.
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 

You should now be able to create a keypoint curve on the nose model.
Class activity: Use your new skills to create a keypoint curve across the front of the nose.

	The step after this creates a sketch curve which must reference the intersection between sides and top so a keypoint curve will be created in this location.
1. Create a keypoint curve between the top front corners of the side surfaces.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML18b4e27.PNG]


	[bookmark: _Toc447209649]Step 5 – Sketch profile for base
	



Class activity: Create a sketch profile for the base surface of the nose.

	1. Create a new sketch on the Right reference plane.
Draw an arc from the bottom right corner of the side surface passing through the keypoint curve.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5021290.PNG]


	[bookmark: _Toc447209650]Step 6 - Extrude base
	



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

	1. Extrude the sketch line you have just created, symmetrical and extending beyond the nose sides. 

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML508fde8.PNG]


	[bookmark: _Toc447209651]Step 7 – Trim sides, base and tip



Class activity: Trim the side, bottom and tip surfaces of the nose.

	1. Trim the base surface and sides.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML50ae597.PNG]


	Trim the top and base surfaces at the front of the nose beyond where they intersect. 
Save the model.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML50d1ada.PNG]





	[bookmark: _Toc447209652]Step 8 – Project an outline
	


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 

A large opening is needed in the top surface of the nose and this will be created by projecting a sketch that has been provided but must first be resumed.
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.

	In previous steps new features were added above a suppressed sketch in PathFinder. You will first move the Goto point in PathFinder to resume the sketch.
1. In PathFinder, right click on sketch 5 at R1 and, from the floating menu, click Goto.
This resumes the sketch and makes it available in the model.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML51e1407.PNG]


	[image: ] Project the shape, highlighted here in light blue, upwards onto the top surface of the nose.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML58741ae.PNG]	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML591add8.PNG]



[bookmark: _Toc447209653]

	Step 9 - Trim opening


Class activity: Follow the step by step instructions to create an opening in the top of the nose.

	1. Use the projected curve to trim an opening in the top of the nose.
Save the model.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML598fd2f.PNG]	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML599bef8.PNG]




	[bookmark: _Toc447209654]Step 10 – Bound rear surface

	You will create a bounded surface to close the rear face of the nose.  If you need a reminder on creating bounded surfaces, follow the link below.


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 

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

	1. In the Surfacing ribbon, Surfaces group, click [image: ] Bounded.
Rotate the model to see the rear of the nose.
In PathFinder, make sure Single is selected.
Click to select the rear edges of the four surfaces making up the nose.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5cf950c.PNG]

	After selecting all of the edges surrounding the opening, click Accept or right mouse click then click Finish.
Save the model.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5d6aa02.PNG]


	[bookmark: _Toc447209655]Step 11 - Stitch surfaces
Before surfaces can be thickened or turned into a solid they must be stitched together. If you need a refresher on stitching surfaces follow the link below.


Class Activity: Use the link below to complete the sections:
Stitched surface command.
 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 

Now stitch together the nose surfaces.
Class activity: Follow the step by step instructions to stitch the surfaces together.

	1. Use the stitch command to combine all of the nose surfaces.
In the Stitched Surface Options dialog, use a Tolerance of 1.00 and tick/check the Heal stitched surfaces option.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5e05abb.PNG]



[bookmark: _Toc447209656]

	Step 12 – Thicken inside



Class activity: Thicken the nose surfaces by 4 mm, inside the shape

	1. In the Home tab, Solids group, [image: ] Sweep drop-down list, select [image: ] Thicken. 
Select the stitched surfaces body.
Type 4 mm for the thickness.
Move the mouse until the red direction arrow points inside the shape then click to set the thicken direction.
Click Finish to complete the feature.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5eee84a.PNG]


	Once complete, the sketches, surfaces and stitch features are hidden in PathFinder leaving only the thickened object visible in the model.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5f2449c.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5f351d6.PNG]

	[bookmark: _Toc447209657]Step 13 – Paint surfaces


Complete this component by applying a coloured appearance to the nose.
Class activity: Follow the instructions below to apply an appearance to the model.

	1. In the View tab, Style group, click 
[image: ] Part Painter.
In PathFinder, open the Style drop-down menu and choose a texture to apply.
In the Command bar, make sure the Select option is set to Feature.
In the model window, click on the nose to select it.
In the command bar click Close.
The nose will now have the selected appearance applied all over.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML603424c.PNG]

	Save the model.
Click [image: ] Close and Return to finish editing the nose and return to the chassis assembly.
Save the assembly.



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: _Toc447209658]Session three – Middle side panel
	This session will show you how to create side panels for the F24 kit car.
Sketches have been created which you will use to create, edit and combine surfaces.  
The surfaces will then be stitched together and thickened to create panels that can be manufactured.

	[image: ]


	[bookmark: _Toc447209659]Overview

	Step 1 – Keypoint curve
	Step 2 – Sweep middle side
	Step 3 – Keypoint curve

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML68c2a5c.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML68e671d.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML68f9158.PNG]

	Step 4 – Sweep front side
	Step 5 – Stitch surfaces
	Step 6 – Thicken

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML690a3ee.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML692340c.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML6940bd4.PNG]

	Step 7 – Cut-outs
	
	

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML699649e.PNG]
	
	



Class activity: Follow the step by step instructions to model side panels for the F24 kit car.

	[bookmark: _Toc447209660]Getting started
	

	1. Start Solid Edge.
Navigate to the folder where you placed the Greenpower files.
Open the file F24 Chassis Weldment – Complete.asm
In PathFinder right click the part Body_side_left_middle.par and, in the floating menu, choose [image: ] Edit in place.

	[image: ]


	[bookmark: _Toc447209661]Step 1 – Keypoint curve





	The section sketches have been created for you.  A keypoint curve is needed to act as the path for a sweep feature.
1. Create a keypoint curve between the top endpoints of Sketch 1 at L1 and Sketch 3 at L2.

The keypoint curve will be added to PathFinder.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML6edcb0f.PNG]

	[bookmark: _Toc447209662]Step 2 – Sweep middle side



	1. Start a Sweep and, in Options, choose Multiple paths and cross sections.
Select the Keypoint curve L1 for the path.
Select lines in Sketch 1 L2 and Sketch 3 L3 for the sections.
Complete the Sweep.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLa1c39ba.PNG]

	The completed feature looks like this and the Sweep has been added to Pathfinder.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLa6b37a9.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLa1ba104.PNG]

	[bookmark: _Toc447209663]Step 3 – Keypoint curve

	1. Create a Keypoint curve from L1 to L2 where the top edge of the front side panel will be.


	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLa714fbb.PNG]



	Step 4 – Sweep front side
	

	1. Create a Sweep along the Keypoint curve L1, between curve L2 in Sketch 3 and curve L3 in Sketch 4.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLa772552.PNG]

	The completed feature looks like this and the Sweep will be added to Pathfinder.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLa7a4060.PNG]
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLa7869e0.PNG]



[bookmark: _Toc447209665]

	Step 5 – Stitch surfaces

	1. Use the [image: ] Stitch tool and, in the Stitched Surface Options dialog box, use a Tolerance of 1.00 and tick/check the Heal stitched surfaces option.
Select both side surfaces and complete the feature. 
Save the model.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLa8706da.PNG]


	[bookmark: _Toc447209666]Step 6 – Thicken

	1. The [image: ] Thicken tool is in the Home tab, Solids group, [image: ] Sweep drop-down list.
The sides are not structural so use 2 mm for the thickness.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML6940bd4.PNG]


	[bookmark: _Toc447209667]Step 7 – Cut-outs
	

	Cut-outs are needed around the suspension brackets.  
1. Create them using the [image: ] Cut tool and a sketch you draw on the side surface of the side panel.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML699649e.PNG]

	When sketching the profile, reference the top edge of the side panel and the welds on the chassis. Leave a small clearance around the welds to allow for tolerances in the chassis build and variations in the welding process.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLac0639a.PNG]


	Repeat the previous steps to create a second [image: ] Cut to accommodate the lower suspension brackets.
This cut-out can have two openings as there is no central bracket at the bottom. 
Note: Closed profiles will need to be drawn as there are two areas to remove material in one cut feature.
Save your model.
Return to the main assembly and Save the model.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML40cf7cb.PNG]



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.

[bookmark: _Toc447209668]Session four – Rear side panel
	[bookmark: _Toc447209669]Summary
The rear side panel lends itself to being created using the crossing curves technique.
In this section you will:
· Learn about the Cross curve tool
· Try out examples of cross curves
· Use cross curves to create a rear side panel for the F24 car. 
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLb2b01bf.PNG]



Class Activity: Follow the link below and complete these sections:
Cross curve command
 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 

[bookmark: _Toc447209670]Getting started
	1. Open the file Crossing.par

Mentor note: Solutions to the following tasks are in the mentor PowerPoint.

	[bookmark: _Toc447209671]Task 1 - Straight lines
For each of the tasks that follow use the crossing curves techniques you have just learned to:
· Make only those sketches needed for the task visible.
· Rotate the model space to understand where the lines are located and the relationship between the two sketches. You may find it helps to make one or more Base Reference Planes visible.
· Predict the shape and position of the crossing line.
· Follow the steps to create the crossing curves, and in some cases, surface geometry. 
Reflect on your prediction and how closely it matched the actual outcome.




		[image: ]

	[bookmark: _Toc447209672]Task 2 - Circle and straight line

		[image: ]

	[bookmark: _Toc447209673]Task 3 - Circle and angled lines

		[image: ]



	[bookmark: _Toc447209674]Task 4 - Route around objects

	There are times when geometry is needed that routes around existing objects.  
One way of achieving this is to define a curve path from two perpendicular sketches and use the Crossing command to project the sketches into 3D space.
1. Open the file Crossing_routing.par
Make sure the two sketches listed below are visible.
These two sketched curves are used to create the path in 3D space.

	[image: ]


	[image: ]


	
Change the view style to 
[image: ] Hidden line.
Change the view to [image: ] Front.

This view shows the curve drawn on Sketch 4 starting through the hole in the base travels across to the left and up through the hole in the top.
	[image: ]


	
Change the view to [image: ] Top View.
This view shows the curve on Sketch 5 starting in the hole at bottom right, around the walls, into the hole top left. 
	[image: ]


	Right click on Sketch 5 and select [image: ] Edit Definition. 
Note:  The end points of the curve in this sketch have + vertical references to the end points of the curve in Sketch 4.  
This is really important to ensure the crossing line doesn’t fail and results in the intended geometry.
	[image: ]


	
Change the view to [image: ] Trimetric and view style to [image: ] Shaded with visible edges.
Create a Cross curve using the two sketches.
Rotate the model to see how the curve routes around obstructions.
Save and Close the model.

	[image: ]

	[bookmark: _Toc447209675]Task 5 - Side rear body panel

	The side rear panel covers the side of the car including mounting brackets for the rear axle bearings.
The motor needs to be cooled so the front face of the panel has been left open as an air scoop into the motor bay.
Note: Additional measures may be necessary to keep the motor cool during races.
	[image: ]


	Overview
	

	
Three sketches contain most of the geometry needed to create the body panel.

	[image: ]

	
Sketch geometry is used to create crossing curves shown here by bold black lines.
	[image: ]

	
Keypoint curves (green) complete the framework geometry to enable surfaces to be created.
	[image: ]

	Surfaces are created, stitched together and then thickened.

Cut-outs and holes are created to complete the cover.
	[image: ]

	
	

	
	


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 
	[bookmark: _Toc447209676]Task 6 – Interrogate the model
	


Class activity: You will use the Pathfinder techniques you have just learned to find out how the rear side panel was modelled.

	1. Start Solid Edge.
1. Navigate to the folder where you placed the Greenpower files.
1. Open the file F24 Chassis Weldment – Complete.asm
1. In PathFinder right click the part Body_side_left_rear.par and, in the floating menu, choose [image: ] Edit in place.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML21ab545.PNG]

	Navigating Pathfinder is an important skill to master when 3D modelling. After a break using Solid Edge you may have forgotten how you created a model or you may be tasked with modifying someone else’s design.
In this section you will gain hands-on experience of Pathfinder, stepping through each feature to review how the model was originally built.



Roll back the model
1. Move the mouse cursor over the entry for [image: ] and, from the floating menu, select GoTo.
	[image: ]


	Features below the Front_view sketch in Pathfinder will be ‘rolled back’ shown by this symbol [image: ] next to entries.
Rolled back features are saved but don’t appear in the model even if ticked/checked as visible.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML224bbea.PNG]


	1. In PathFinder, right click on Cross Curve 11 and, from the floating menu, select GoTo.
The rolled back symbol [image: ] disappears from this entry.
1. Make sure there is a tick/check next to the three sketches and Cross Curve 11 to make them visible in the model.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML22eab47.PNG]


	The sketches and crossing line will be visible in the model but it may not be clear which lines were used to create it.

	1. In Pathfinder, left click Cross Curve 11 and, from the floating menu, select [image: ] Edit definition.
1. In the command bar click in turn on the buttons [image: ] for selecting geometry and notice which lines were selected in the model for each step.
1. Click Finish to close the feature.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML22da54e.PNG]


	1. In PathFinder, resume the next entry, Cross Curve23, and make sure it is visible.
1. Use [image: ] Edit definition again to find out which lines were used to create this crossing curve.  
1. Finish to close the feature.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML2453be2.PNG]


	1. Continue working down each Pathfinder entry to get a clear idea how the model was created.
Note: The workflow used was; to create crossing curves and then the surface before moving on to the next set.
Once you get to the bottom of the keypoint curves and bound surfaces, you will see a complete side panel.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML24beaa8.PNG]


	
Interrogate the remaining features including Stitch, Thicken and cut-outs for the rear axle mount.
Close the part, save the assembly and exit Solid Edge
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML24f0597.PNG]



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 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: _Toc447209677]Session five – Rear top panel - Planning surface geometry
[bookmark: _Toc447209678]Overview
In this session we explore the process of turning a concept into a strategy for modelling.
	On the right is a sheet created as template for sketching ideas for rear bodywork on the F24 car. The template was created using the steps below.
· Open the model in Siemens Solid Edge.
· Orient the model suitable for sketching over.
· Capture the computer screen.
· Paste the image into a Word document, scale and crop.
· Apply a watermark filter to the image. Alternatively, adjust brightness/contrast to achieve a washed out effect.
· Scale/duplicate the image several times.
· Save and print.
	[image: ]



	Ideas for body shapes are easily sketched over the top of each image.
Annotations or notes are written next to each idea to explain things like benefits and drawbacks.
The bottom left design is the chosen shape for modelling using Solid Edge.
The next step is to sketch the shape from different directions on orthographic templates.

	[image: C:\Users\TimB\Documents\00 timbdesign\00 Consultancy\2015-16\2015 05 14 Siemens - Greenpower 2\03 Surfacing\Images\Rear_body003.jpg]


	On the right we show hand sketches (red ink) of the plan, front and side views of the rear cover drawn over watermark images.
Before you can plan a strategy for your own designs, you will need to have a working knowledge of the modelling tools in Solid edge.
If you have completed all of the exercises so far in this guide, you will know the basics of creating surfaces and this should help you plan simple 3D models.

	[image: C:\Users\TimB\Documents\00 timbdesign\00 Consultancy\2015-16\2015 05 14 Siemens - Greenpower 2\03 Surfacing\Images\Rear_body_sketches.jpg]




Class activity: Using the templates in the appendices, sketch your own ideas for body panels.

	
There are many different ways of creating this shape, we will outline one.

The completed cover will look like this.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML401acf6.PNG]




Class activity: Follow the step-by-step instructions to create a top cover for the rear of the F24 car.

	[bookmark: _Toc447209679]Getting started

	1. Open the file F24 Chassis Weldment – Complete.asm




	[bookmark: _Toc447209680]Step 1 – Extrude side profile

	1. Make the part Body_top_rear.par visible.
1. Left click on Body_top_rear.par and, from the floating menu select [image: ] Edit in Place.


	1. In the Surfaces tab, use the Extrude tool and select the blue lines from the Front_view sketch.
1. Select Symmetric and for the width select an end point located on the Top-view sketch shown below.
[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML1262f8d.PNG]

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML126d280.PNG]


	[bookmark: _Toc447209681]Step 2 – Keypoint curves

	To define the side surfaces, diagonal curves are needed and can be created with the Keypoint Curve tool.

1. Create a Keypoint Curve like the one shown here.
1. Create a matching Keypoint Curve on the other side.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML181211e.PNG]


	[bookmark: _Toc447209682]Step 3 – Side surfaces

	1. Create a Bounded surface like the one shown on the right.


	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML182c9ac.PNG]


	1. Create another Bounded surface to complete the sloping surfaces on this side of the cover.
1. Create the matching Bounded surfaces on the other side of the cover.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML189da11.PNG]

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML18523dc.PNG]


	[bookmark: _Toc447209683]Step 4 – bottom flanges

	The flanges around the bottom edges of the rear cover serve two purposes.
· To stiffen the cover.
·  A location for self-tapping screws to hold the cover in place

1. Use the Bounded surface tool to create three separate features around the bottom edge of the cover.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML197048a.PNG]


	[bookmark: _Toc447209684]Step 5 – Stitch and thicken

	1. Stitch all of the surfaces with the heal stitched surfaces option selected and a tolerance of 1.00
1. Thicken the stitched surfaces 2 mm above the model.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML1ab7aa3.PNG]
	[image: ]


	
1. Save changes to the model.

1. [image: ] Close and return to the assembly. 

1. Save and Close the assembly and then Exit Solid Edge.
	[image: ]



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: _Toc447209685]Session six – Rear light lens
[bookmark: _Toc447209686]Overview
	In this session you will learn how to add features to a rear light lens.
· Bosses for mounting screws
· Screw holes
· A lip

	[image: ]


	
The starting point for this session is an oval shaped lens created using surfaces, stitched together then thickened.  It will have the following features added:

	[image: ]


	[bookmark: _Toc447209687]Step 1 - Mounting boss workflow



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 .

	[bookmark: _Toc447209688]Step 2 – Adding bosses
1. Start Solid Edge and open the part Lens.par

	1. Use the Mounting boss tool to create two bosses 25mm either side of the centre.
1. The sketch plane should be located 2mm below the Top reference plane.
1. Use the parameters shown on the right.
[image: ]

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML4fc0096.PNG]


	
Looking from underneath, the finished bosses should look like this.
	[image: ]




	[bookmark: _Toc447209689]Step 3 – Add a lip

	A lip around the edge of the lens serves several purposes including:
· A positive location between the lens and base. 
· Help prevent water getting in.


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 

	
1. Create a lip around the inner edge of the lens with the dimensions shown on the right.
The lip feature should add material above the existing surface.

[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML5192d12.PNG]
	[image: ]




	[bookmark: _Toc447209690]Step 4 – Add screw holes

	Counterbore holes provide recesses for the screw heads.

1. Create a new plane offset 15 mm from the TOP reference plane.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML547ab38.PNG]


	[image: ]


	
1. Use the hole settings shown on the right.



[image: ]
The lens is now finished.
1. Save your model.
1. Exit Solid Edge.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML54562a4.PNG]




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: _Toc447209691]Session seven – Creating moulds
[bookmark: _Toc447209692]Overview
	Solid Edge has powerful tools for creating split moulds for injection moulding.
The online tutorials will step you through the process.
	[image: ]



[bookmark: _Toc447209693]Step 1 – Mould creation workflow
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

	[bookmark: _Toc447209694]Step 2 – Manual mould creation
Some shapes cannot be split with the automatic tools and will need to be created manually. The F24 kit car nose falls into this category.
The process for creating the mould is outlined below.
	[image: ]

	Overview
The process of creating the mould is described below.  Read through the bullets visualising the process.  In the step following this one you have the opportunity to interrogate a completed model.
	

	· An assembly has been created called Nose_mould.asm with Nose_mould.par grounded.
· Cut-outs in Nose_mould.par were suppressed to leave surfaces with no openings.
· A new part in context was created called Nose_mould_top.par
· Edit in place was used on Nose_mould_top.par to project the top surface and extrude a curved top.
	[image: ]

	
· A new part in context was created called Nose_mould_bottom.par
· Edit in place was used on Nose_mould_top.par to copy the underside of the top and the surfaces of the nose without the curved top.
	[image: ]


	

· The top surface was trimmed to the sides. 
· The mould was thickened by 4 mm. 

	[image: ]


	
The two-part mould would have bolts through the outer flange and an opening to lay-up the GRP/carbon fibre inside the mould.
	[image: ]



[bookmark: _Toc447209695]Step 3 – Interrogate the model
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.

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 using Solid Edge with clients in many countries.  Follow the link below and find out how many clients they list.
http://www.grandesign.pt/ 
[bookmark: _Toc447209696]Session eight - Splitting surfaces
[bookmark: _Toc447209697]Overview
	A key technique in 3D modelling is to separate a single part into separate pieces. This ensures the adjacent surfaces of different parts match perfectly. 
This image shows a fully enclosed body for the F24 Greenpower kit car.  
You will explore two different methods.
· Split a single part
· Divide a part into two new parts.
	[image: C:\Users\TimB\Documents\00 timbdesign\00 Consultancy\2015-16\2015 05 14 Siemens - Greenpower 2\03 Surfacing\Images\Unibody11.jpg]


[bookmark: _Toc447209698]Step 1 - Split a single part
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 

[bookmark: _Toc447209699]Step 2 – Cutting a surface
Class activity: Practice the new technique you have learned of splitting a surface on a model body for the F24 Greenpower kit car.

	1. Open the part Uni_body.par 
1. Near the bottom of Pathfinder right click on Mirror 1 and, from the floating menu, click GoTo.
[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML1b936b02.PNG]
	[image: ]


	You are now seeing the body shape as a single part.

	
1. In Pathfinder right click on Extrude 9 and, from the floating menu click GoTo.
1. Make Sketch 33 visible.
You can now see the sketch profile used to create the cutting surface.
1. In Pathfinder make Sketch 33 invisible.
1. Use GoTo to resume [image: ] Canopy.
	[image: ]


	1. In Pathfinder select Canopy.  
The Split which separated the canopy is visible.
1. Scroll to the top of Pathfinder and expand the Design Bodies entry to see the separate bodies created by the Split command. 
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML1be48d62.PNG]
	[image: ]


	After creation, the parts were renamed. 
Close the models.
	


[bookmark: _Toc447209700]Step 3 – Dividing a surface
	1. Open the part Unibody.asm
Pathfinder will list two parts, the body and canopy. 
[image: ]
These parts were created using the [image: ] Divide Part tool.  This creates the cut and saves separate parts in one step.
	[image: ]


	
1. Open Uni_body_single_part.prt.
1. Practice using the Divide tool to create separate body and canopy.  
The cutting surface is at the bottom of Pathfinder called [image: ] Extrude 9.
	[image: ]


	Note: The body used for this task is fully enclosed and does not comply with Greenpower F24 regulations.



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: _Toc447209701]Session nine – Manufacturing
[bookmark: _Toc447209702]Overview
A wide variety of materials could be used to create the body of your Greenpower car and each one has advantages, disadvantages and specific manufacturing processes.
	[bookmark: _Toc447209703]Step 1 - Sheet metal



Class activity: Students gain an overview of the sheet metal tools in Siemens Solid Edge by interrogating seat components in the F24 Greenpower kit car.

	The core processes when working with sheet metal are profile cutting and bending which is usually done with the material at room temperature.
The image on the right is of a vice mounted folding machine.

http://www.axminster.co.uk/ 
	[image: C:\Users\TimB\Documents\00 timbdesign\00 Consultancy\2015-16\2015 05 14 Siemens - Greenpower 2\03 Surfacing\Images\Sheet_bender.jpg]


	The side of the F24 seat is a folded sheet metal component. 
	[image: ]

	[image: ]


	1. Open the file Seat left.psm
The part file has two ‘states’, folded and flattened. Initially it will be displayed folded.
1. In Pathfinder, Right click R1 on the Flatten 1 feature and, from the floating menu, select Unsupress.
The part will be displayed flattened.
[image: ]

	[image: ]


	Engineering drawings of sheet metal parts are used to show the flattened part with centrelines and Bend tables listing the angles for each fold.

	An engineering drawing, Seat left.dft, of the seat part is shown on the right with the bend table enlarged below.

[image: ]

1. Close the part and drawing files without saving.
	[image: ]




	[bookmark: _Toc447209704]Thermoplastic sheet - Line bending
Thermoplastic sheet can be softened with heat and formed into linear bends.

	Line bending machines use a heated wire to soften plastic along a narrow area.  Jigs support the material while it cools
	[image: http://www.crclarke.co.uk/products/LB/img/FJ600.jpg]

	[image: ]
http://www.crclarke.co.uk/products/LB/Srange.html 


	Bends in the body sides could be created using a line bender.

	[image: ]


	[bookmark: _Toc447209705]Thermoplastic sheet - Vacuum forming
Vacuum forming uses air pressure to mould softened thermoplastic sheet over a rigid former.

	The top of the rear body, shown here in green, was designed with vacuum forming in mind.  
The sides are angled so that the mould can be removed easily.  Parallel sides taller than a few millimetres are not a good idea on vacuum forming moulds.

[image: ]

	[image: ]


	
Vacuum forming machines like the one shown here have a chamber from which air can be extracted, a moving table for the mould, a clamping frame for the plastic sheet and a heating element to soften the plastic,
	[image: ]http://www.crclarke.co.uk/products.html


	
The finished cover has been trimmed around the edge and to clear the roll hoop support tubes.
	[image: ]


	
The mould for the rear body top looks like this.  It is placed on a smooth surface in the vacuum forming machine.
	[image: ]


	Once formed the plastic sheet looks like this.
Although the moulding should be successful, sharp corners on the mould may cause thinning and tearing of the soft plastic sheet is possible. Applying rounds to sharp edges will help prevent this.
	[image: ]


	
	

	GRP and carbon fibre

	Glass reinforced polyester was developed early in the last century and is ideal for creating complex curved shapes.
Moulds are created onto which a mat of chopped or woven glass strands is placed and then impregnated with polyester resin.
The image on the right is a 75 metre blade for one of the largest Siemens wind turbines.
http://blog.fibreglast.com/wind/the-worlds-largest-wind-turbine/ 
	[image: ]


	Carbon fibre is much stronger and lighter than glass fibres and, along with epoxy resins, are used to make components in high stress applications like aviation and motorsport.
This image shows part of the rear bodywork on the Red Bull Racing RBR8 F1 car.
http://www.racecar-engineering.com/cars/red-bull-rb8/ 
	[image: C:\Users\TimB\Documents\00 timbdesign\00 Consultancy\2015-16\2015 05 14 Siemens - Greenpower 2\03 Surfacing\Images\RBR_body.jpg]


	Greenpower teams at Sandbach School have used GRP and carbon fibre materials to great effect.
The images below show the design and construction of the carbon fibre body for their ‘Carbon QT’ car. http://www.cauc-f24.org/ 

	[image: Click to view full size image]
	[image: Click to view full size image]
	[image: ]

	Design sketches
	Foam sections
	Foam skin

	[image: Click to view full size image]
	[image: C:\Users\TimB\Documents\00 timbdesign\00 Consultancy\2015-16\2015 05 14 Siemens - Greenpower 2\03 Surfacing\Images\CAUC_QT_09.jpg]
	[image: ]

	Filling gaps
	Filling and sanding
	Ready for carbon fibre

	[image: C:\Users\TimB\Documents\00 timbdesign\00 Consultancy\2015-16\2015 05 14 Siemens - Greenpower 2\03 Surfacing\Images\CAUC_QT_07.jpg]
	[image: Click to view full size image]
	[image: C:\Users\TimB\Documents\00 timbdesign\00 Consultancy\2015-16\2015 05 14 Siemens - Greenpower 2\03 Surfacing\Images\CAUC_QT_08.jpg]

	Laying up carbon fibre
	Shell with cut-outs and seat
	Finished car



[bookmark: _Toc447209706]Step 2 – Design report
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: _Toc447209707]Session Ten – Commercial examples
[bookmark: _Toc447209708]Overview
This session is an opportunity for students to review their peer’s case studies (set for homework) and the examples provided below to learn how professional designer work and new products are developed.
[bookmark: _Toc447209709]Siemens customer
Groupe SEB (www.groupeseb.com) is a French company better known for its brands:
	[image: ]
	[image: http://www.assistenza-clienti.it/wp-content/uploads/2015/06/Rowenta-Logo.jpg]
	[image: http://www.krups.co.uk/sites/krups/files/Krups_logo_0.png]

	[image: http://www.lagostina.co.uk/lagostina/logo.jpg]
	[image: http://logonoid.com/images/moulinex-logo.png]
	[image: http://etcforthehome.com/etcforthehome/wp-content/uploads/2012/08/All-Clad-Logo.jpg]


[bookmark: _GoBack]How many of their products are in your home?,  and yes, they’re all designed in Siemens Solid Edge
The following link is to a great Blog on SEB and surfacing: https://community.plm.automation.siemens.com/t5/Solid-Edge-Blog/The-Secret-Language-of-Surface-Design/ba-p/266161 

Good luck with your designing.



[bookmark: _Toc447209711]Appendix one - Greenpower Challenge
The Greenpower Education Trust uses the Greenpower Challenge to advance education in the subjects of sustainable engineering and technology to young people.
	Huntsville Center of Technology
Huntsville Center of Technology (HCT), a public technology high school in Alabama, has been using Solid Edge® software from Siemens PLM Software in the design and drafting curriculum for over 10 years.
When HCT design drafting instructor Mike Evans heard about Greenpower Education Trust’s electric car challenge from the local Solid Edge team, he decided to get his students involved.
http://www.plm.automation.siemens.com/en_us/about_us/success/case_study.cfm?Component=214440&ComponentTemplate=1481 
	[image: Sean Webb used Solid Edge in the design of this Greenpower electric vehicle]



	For more information on the Greenpower Challenge visit their web site. http://www.greenpower.co.uk/ 

	[image: ]





[bookmark: _Toc447209712]Appendix two – Sketching templates
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[image: ][image: greenpower logo (2)]
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