S3 Technology Module K6	                               Material 3 Topic Exercise – CADCAD Exercise

 Relevant Knowledge


Basic Concepts of CAD and 3D Modelling, and Design Critiques and Evaluation
I Computer-aided Design (CAD)
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Conventionally, in order to show clearly the shapes, patterns, assembly, etc. of products, product designers use hand tools such as pencils, colour pens and rulers to illustrate their design ideas through design drawings. The processes of drawing sketches, initial design drawings, engineering drawings, 3D figures, etc. take a lot of time. In most of the cases, the design drawings also need to be modified again and again, before a model can be made, testing can be conducted and manufacturing can begin. 

   	
(a) Conventional drawing tools
(b) A hand-drawn engineering drawing









	




With the advancement of technology, many designers now use the method of computer-aided design (CAD) at work to save both time and working processes. A designer can first use CAD software on a computer to convert his design ideas into design drawings and engineering drawings. Then, he can store the data in the format of computer files. 
After finishing the initial designs, the designer can print the design drawings and provide the printouts to the customers. He can also use an electronic method (e.g. e-mail) to instantly send the files of the design drawings to customers worldwide. If modification of the designs is needed, he only has to open and revise the relevant files with the specific CAD software.  Common commercial CAD software includes SolidWorks, Inventor and ProDESKTOP.  Examples of free CAD software include SketchUp, FreeCAD, 123D Design, Sweet Home 3D and Blender, etc.





Most of the CAD software today takes the parametric approach. At the initial stage, users only need to input a rough design. Parameters of different parts of the design can be input or modified at a later stage.
[image: solidwork01][image: a000]		





(b) A CAD engineering drawing
(a) A piece of CAD Software


Advantages of CAD

CAD takes advantage of the properties of a computer, and is thus precise and fast, and allows easy modification and data saving. In addition, it has the following advantages: 
(a) can copy graphics or designs readily and conveniently; 
(b) easy to make modifications to graphics or designs, which can be applied to other related graphics files automatically;
(c) can shorten the design and production cycles, enabling a product to better compete for market share;
(d) compared with traditional paper approach, using a computer to manage and store design drawings is easier and more convenient, and saves space as well;
(e) [image: ts4-09-03a]design drawings of a product can be transformed from 2D to 3D for viewing in multiple angles, so that the real shape and characteristics of the product can be grasped more easily;
(f) properties such as colours, textures and special effects of graphics designed using a computer can be altered very easily, and thus making the graphics more impressive;
(g) when used together with a 3D printer or other rapid prototyping devices, a CAD design product can be turned into a prototype model quickly, allowing the designer to actually feel the design product by his hands so that modifications and improvements on the design can be made more effectively; and
(h) when used together with computer-aided manufacturing (CAM) software, a CAD design product can be manufactured directly through the use of a computer numerical control (CNC) lathe. 
[image: ts4-09-02]
	
	





(b) A CNC lathe

(a) A piece of CAM software

II 3D Modelling by CAD

Nowadays, advanced CAD modelling techniques are widely employed. However, when presenting their work to illustrate their design concepts, each designer often has his / her own style, e.g. using different types of drawings or projection methods.
Advanced CAD modelling techniques not only make the production of 3D models easier, they also help designers assess the different situations throughout the product development processes. Besides, the techniques facilitate the creation of various 2D and 3D projection views so that the designers and other project stakeholders can visualise the products more realistically. 
3D CAD models that look alike may actually be created with different methods. There are three types of 3D modelling in CAD or computer-aided engineering systems, which will be described in the following. 

a.  Wireframe Modelling 
· A vertex table and an edge table form a wireframe model, which is considered the most primitive 3D model of an object.
[image: ]



b. 	Surface Modelling 
A surface model is considered to be of a higher level and more versatile than a wireframe model as its construction is based on points, lines and planes.
	Examples of surface modelling

	[image: 24_1]
	[image: 24_2]

	Analytical surfaces
	Free-form, curved or sculpted surfaces



c.	Solid Modelling
Solid modelling uses the volume which the volumetric shape of a solid model occupies for computation.
1. Solid Modelling
Solid modelling is a technique that can provide a comprehensive and explicit description of a 3D shape and is easier to grasp. Thus we will focus on this method here. 
Solid modelling has the following advantages. 
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· It is capable of differentiating the exterior from the interior of an object, giving a complete definition of the volumetric shape of the object.
· It can show the inside of an object, facilitating the detection of unnecessary interference among components.
· It carries no hidden lines.
· It presents clear views of 3D sections even for complex assemblies.
· It facilitates analytical work for displaying the properties of mass and construction of finite elements.
· It allows manipulation of light and shadow effects, and incorporates colours and tones for the creation of colour shading. As a result, it vastly improves the visualisation of shapes, components and cross-sections.
· It improves the simulation of mechanism dynamics, tool-path procedures and robot handling.

2.	Various Ways of Constructing CAD Solid Models
a.  Primitives and Features Approaches
There are two approaches of solid modelling with CAD systems, namely primitives and features.
· 
· The primitives approach uses predefined shapes, also known as primitives, to create complex solid objects. Primitives can be boxes, cones, cylinders, spheres, wedges, tori (donuts), etc. Through integrating these building blocks, 3D objects can be created.  Furthermore, designers can construct a new 3D object through the joining, subtracting or taking the intersecting volume (i.e. Booleans operations) of objects. 




	Original object
[image: ]
	[image: ]
(a) Possible solid model of the object

	
	[image: ]
(b) Alternative solid model of the object





· 
· The features approach has higher flexibility in building complex objects than the primitives approach. For example, a new object can be created simply by sweeping a 2D object along a path or revolving it about an axis. 
	[image: 128_1]Feature: Cut
Feature: Extrude

Possible sketch of the solid
(Extrude profiles A and B, and cut B out)
	[image: 128_2]Feature: Cut
Feature: Extrude

Alternative sketch of the solid
(Extrude profiles A and B, and join them)


· 

	
To illustrate the two approaches, consider the following objects.

(a)  Create a block. Subtract 6 cylinders from it (the primitives approach).
(b)  In the top view, create a sketch of a rectangle with six circles inside. Then, extrude it (the features approach).


	The features approach
	The primitives approach

	
[image: 129_1]Sketch view

[image: 129_2]Feature: Extrude

[image: ]
The final model
	
	[image: ]
	[image: ]

	Object A
	Object B


[image: 129_3]Object A – 6 × Object B

[image: ]
The final model




Actual drawing procedures:

Since most CAD software is parameterised, the drawing procedures using CAD software differ a lot from traditional drawing methods. 
The following demonstrates the way to design a slide using the free CAD software FreeCAD.


	1.	Draw the approximate design.
	[image: ]

	2	Set the constraints and sizes (these values can be changed at any time).
	[image: ]

	3	Extrude the surface to make it into a 3D object.
	[image: ]




	4	Add other features.
	[image: ]

	5	Add and modify the features.
	[image: ]

	6.	Output the plan views.
	[image: ]






b.  Constructive Solid Geometry

All solid modelling systems allow users to create, modify and inspect the models of 3D solid objects. However, these models may be represented differently in computers. There are generally six types of representation methods.
· 
· Boundary representation (B-rep)
· Cellular decomposition
· Constructive solid geometry (CSG)
· Generalised sweeps
· Parameterised primitive instancing
· Spatial occupancy enumeration  

Among the various representation methods, CSG is the most popular one. A standard CSG primitive set consists of blocks or cubes, triangular prisms, spheres, cylinders, cones and tori.  Performing Boolean operations on these standard basic primitives, CSG solid models can be built. CSG objects can be represented in the way of a tree, where leaves represent simple primitives and nodes represent Boolean operators. Each node of operator connects to two leaves or sub-solids underneath.

 Cube
Cylinder
Sphere
Cone
Wedge
Torus


Basic primitives provided by a solid modelling system



Boolean Operations

Boolean operations are a fundamental tool for constructing a CSG model. It defines the relationship between interconnecting primitives. Boolean operations are developed from the algebraic set theory and consist of three Boolean operators, namely union, difference (subtraction) and intersection. 

The following table gives an example that briefly describes each Boolean operation in solid modelling.
	Set theory
	Union (∪)
	Difference (–)
	Intersection (∩)

	[image: A B set thory]
	[image: Union1]
	[image: diff]
	[image: intersection]







A union (∪) is the area within the outer boundaries of the combined shapes of two bodies. The union of two circles A and B is the shaded area of A ∪ B, which is considered a single object.
A difference (–) is the area bounded by the remaining outer boundary of one shape and the overlapping area of the two shapes. This resultant area is denoted by A – B.
An intersection (∩) is the area within the boundaries of the overlapping region. It is denoted by A ∩ B (or B ∩ A).
Let A be a vertical cylinder and B be a horizontal cylinder. The following figure shows four objects (from left to right) which are the resultants of A ∪ B, A ∩ B, A – B and B – A respectively.

[image: set-1]
	A ∪ B	A ∩ B	A – B	B – A.

[image: ]Drawing procedures:
We can also use the solid geometry approach, together with Boolean operations, to draw the slide created by the primitives and features approaches mentioned in the previous section. 







1. 	Choose the required basic primitives – cuboid and cylinder.A
B









2.	The L-shaped base needs 3 cuboids (primitive A) with different length-to-width ratios.
Place them at the correct positions and perform a union (∪) operation two times to form the L-shaped base A4. 
A2
A1
A3


A4

Union (∪)

聯合(U)

Union (∪)

聯合(U)




B2
B1
A4

Difference (–)
差集(–)

3. 	Place a cylinder (primitive B1) with an appropriate diameter and length vertically at the correct position.  Then perform a difference (–) operation to open up a hole and half finish the slide. 差集(–)

Place another cylinder (primitive B2) with an appropriate diameter and length horizontally at the correct position. Then perform a difference (–) operation to create a semi-circular pit and complete the required slide. A2
A1
A3
B1
B2
Difference (–)

Other possible drawing procedures:
The entire process above uses the 5 primitives shown on the right, and union (∪) and difference (–) operations to create the required slide. However, this is not the only method. Students can try to figure out other ways to create the required slide with a combination of union (∪), difference (–) and intersection (∩) operations. For example, the L-shaped base A4 can be created by using a thicker A2 with its lower two corners subtracted through difference (–) operations.
A2

Difference (–)




Subtracting by applying difference (–) operations to create the L-shaped base A4.
The 5 required primitives





The figure on the left below is a more complex solid model created by the solid geometry approach. 

	Solid model
	Using the CSG approach to create the solid model

	





[image: Hammer]
	
[image: 133]Cylinder
Cone
Cylinder
Sphere
Cuboid
Cylinder








Exercise 1
	Use the CSG method to construct the 3D solid model of the following assembly.
[image: 31]

Exercise 2
	Use primitives A to E to construct the 3D solid model of an assembly (Object Z).
 
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	Object A
	Object B
	Object C
	Object D
	Object E



[image: ]
	Object Z




III Enhancing Design Effects
Adding colours, textures, background and lighting to a CAD solid model can strengthen its 3D effect and make the model look more authentic.  

1. 	Most CAD software applies shading to the surfaces of a model automatically to provide the basic 3D effect. 







2. 	By adding colours, the different parts of a model separate, enhancing the 3D effect and the aesthetic level of the model.

[image: ][image: ]








3. 	Some software allows designers to apply textures of different materials to the surfaces of a model. 
	[image: 130_232]
	[image: 131]
	[image: 130(2)]

	Texture: straw mat
	Texture: this is a doormat made from used tyres 
	Texture: bark







[image: ]4. 	On a design drawing of a boat, its sense of reality is greatly increased by adding a background of water. 







[image: ͝�]5.	As for lighting, different brightness and shading effects will result depending largely on the positions of the light sources and the eye. 
Light source
Eye
Material surface






Directional light 1
Directional light 3
Directional light 4
Directional light 2

	Determining the number of light source, the nature of the light source, and the levels of light reflection and absorption of a model is a trial-and-error process. The more one tries, the better the effects will become.


[image:  Ø][image:  Ø]	










Directional light	Spot light	Ambient light

IV Outputting Animations
Most CAD software includes a module for outputting animations, or supports a plug-in module for doing so. These animations range from simply a solid model rotating around an axis (X, Y or Z), parts of an assembly getting into their positions, to the way the two doors of a workbench open up (as shown in the screen captures of the animation on the right). Other software, such as 3D Studio, Maya and Rhino, possesses advanced 3D animation production capabilities which are rich in functions.
	X
Y
Z

























Free computer animation outputting software such as Scratch by MIT can let students learn how to write the script for a computer animation. The basic steps include:
1. 
2. Designing the main character
3. Determining which parts of the character can move, how these parts move and their moving speed
4. Determining how and along which path the character moves, and his moving speed
5. Adding sound effects
6. Designing the background
7. Designing the characters in the supporting roles
8. Writing the dialogue
9. Outputting the animation
10. 
[image: ]















Online tutorial:
https://www.youtube.com/watch?v=pkhjX792yVI

Note:	If students are interested in learning animation production further, they can choose Module 2 – Creative Digital Media of Design and Applied Technology at senior secondary level.



V Design Critiques and Evaluation
1. Requirements of Product Design

The distinction between design and art is that an art form is totally free and unbounded by any conditions, while a design is a production carried out under certain restrictions. The requirements during a ‘creation’ process are a kind of ‘shackles of freedom’. However, to designing, these shackles can actually act as a wound-up device to induce an endless stream of new creative ideas. Nevertheless, questions such as ‘what are the requirements a design must meet?’ and ‘what is the freedom to create?’ always confuse a creator, causing him / her to be uncertain from where he / she should start. Only when all conditions or requirements are clear, the creator can kick off action. The following are the basic requirements of product design:
· Function
· Construction．Structure
· Material．Technology
· Form．Colour
· Coordination with the environment
· Relationship between objects and humans
· Economy．Price

When designing a product, the first things to consider are 'what is the function of the object?' and 'what is the purpose of the design?' For an object to achieve a particular function, it must be made using a corresponding structure. For instance, a chair needs to support the weight of a person, thus it must have a structure that is able to withstand weights. To turn a design into a practical and realistic product, appropriate materials and processing technologies have to be chosen. For example, a pen for children should not be made with a heavy material such as steel, as it will cause fatigue to the children after prolonged use. Instead, a lightweight material such as plastics should be used. 

[image: http://tds.ic.polyu.edu.hk/ds/db/09_pd2/media/style1.JPG]
The notion 'form follows function' refers to the idea that even though an object can take many different forms, whichever form it is in, it should fulfil its intended function. For an object as simple as a coffee mug, its form is not necessarily fixed but can have indefinite number of varieties. Regarding colour selection, it is not a whim a designer comes up with out of nothing. Rather, it is an overall design which takes into account the coordination with the environment.
Example: 
[bookmark: _GoBack]The world-renowned designer, Philippe Starck, designed a fly-swatter which has a tripod at one of its ends, enabling it to stand erect on its own. The funniest thing is that there is a human face on the swatter. When used, it looks like the face is staring at the mosquito. A swatter must have a big flat surface and the designer took advantage of this to create a graphic effect. The tripod design at the end of the swatter is both exquisite and functional. This is precisely a design that embodies the essence of ‘form follows function’.

A stylish while practical fly-swatter designed by Philippe Starck



The function of an object must have some connections with its surrounding environment. For instance, when we drink tea, we need utensils such as tea cups, teapots and saucers to achieve the purpose of tea drinking. Therefore, when a designer is designing a tea cup, he / she must consider that the tea cup should be harmonious with other objects.  
When designing a product, apart from considering its coordination with the environment, we need to consider its impact on the environment. For example, using recyclable products can cause less adverse effects on human beings and the ecological environment. Designers are responsible for analysing the potential problems that will be brought by their designs, which include impact on the health and safety, noise, odour, aesthetic quality and pollution. 
The interrelationship between an object and a human, i.e. the human factor that we emphasise, determines the merits of that object in fulfilling its function. Considering the coordination between an object and a human, as well as facilitating producers to manufacture the object, sellers to make a sale and users to use the object, are an important subject in the aspect of design behaviour. 
Ergonomics is an example of a science that is developed based upon the emphasis laid on the interrelationship between objects and humans. In this regard, objects, systems and environments are designed with human safety and effective usage as the main purposes.  
When designing, the following three points should be noted:
· Targets of the design (i.e. users)
· Movements of the users
· Reactions when users use this design
Most products are designed for used by humans. Even for the simplest products, their user interfaces are often complex which are rarely comprehended in full. The way people use a product and the interactive relationship between a user and a product are both subjects that are worth studying.
The results obtained through observing and analysing the interaction between a user and a product allow us to generate new product concepts. The process also stimulates the generation of design concepts for improving the user interface of the product, which in turn form the basis of the subsequent ergonomic and anthropometric designs.
Under the condition of fulfilling a same function, the price of a product should be kept reasonable. Employing mass production for reducing prices has always been the principle of modern design.  In terms of spiritual value of design, a high price product may imply a reasonable request for the provision of the texture and superb design. Some product designs can satisfy customers and make them feel the products are worth for what they cost. Targeting for a low price is not the only criterion of a good design. 
To put it simple, a low-cost product is often easier to succeed in a free market. Thus, understanding the calculation of costs is necessary. Cost calculation includes the assessment of the following: 
· Setting the basic retail price of a product
· Identifying the differences between the raw materials and production processes of a product
· Information on profit calculation
Making rough cost estimation as early as possible is important in a design process. Evaluation of costs includes material costs, labour costs and general expenses. The sum of the former two accounts for the production costs and the last one accounts for the costs of assembly preparation.
During a design process, we also need to take into consideration how to reduce the costs. The following are some techniques for lowering the costs.
· Reduce the number of parts
· Employ more automated production technology
· Use computer to enhance the design
· Reduce unnecessary production processes


2. What is a good design?
In fact, there is not one design in the world that can be considered as ‘perfectly’ good. Why?  Imagine a man who cannot wear a suit because of his cultural background. Consequently, a perfect suit to you is only a piece of cloth to him. A good design highly praised in the UK may not be useful in HK. A design children like may not be welcomed by adults. Therefore, a good design is only good with regard to a particular standard, a particular culture, a particular environment, or even a particular target.


	A great invention?
[image: ]When we need to use a torch but the battery is flat because it is not used for a long time, the torch can no longer light up. Right then, the torch shown in the figure on the right will be useful. You only have to shake it, and then it will have the power to light up. How nice!A shake torch

Really that nice?
Other users comment that after shaking, when you point it to where you need illumination, the light goes out before you see anything as the power is out. Shaking and pointing it again, the same thing happens and eventually you cannot see what you want to see.
	Is this really a good design?
	Who can improve it?
	How to improve it? 



Although there is no standard for good design, the major considerations in general are the above-mentioned basic design requirements. 
· 
· Function
· Construction．Structure
· Material．Technology
· Form．Colour
· Harmonious with the environment
· Relationship between objects and humans
· Economy．Price


Note: Students can follow the case study in the teaching material ‘Application of product design’ (http://tds.ic.polyu.edu.hk/ds/db/09_pd2/index.htm) by the Hong Kong Polytechnic University to strengthen the understanding of the above content.



Class Discussion:

The following figures show 3 pairs of scissors. Which one has a better design than the other two?  Can the one with the best design replace the other two? Different answers will be obtained when these questions are raised with different people and under different occasions. Form groups of two students, discuss and answer the following questions according to the basic design requirements mentioned above.


	
	[image: ]
	[image: ]
	[image: ]

	Evaluating according to the basic design requirements, in what aspect is this a good design?
	
	
	





After-class Activity:
On a computer, search the phrase ‘useless Japanese inventions’. Stick (or draw) 3 of them in the following and point out the reasons why they are useless.

	Invention
	Reasons why it is useless

	
	

	
	

	
	


Why would people invent things even though they are useless?
Because _______________________________________________________________________
______________________________________________________________________________



VI Glossary of Terms
	Computer-aided design (CAD)
	電腦輔助設計
	
	Primitives approach
	原始立體圖形(圖元)法
	

	Computer-aided manufacturing (CAM)
	電腦輔助製造
	
	Features approach
	功能法
	

	3D modelling
	立體模型
	
	Constructive solid geometry (CSG)
	構造實體幾何法
	

	Wireframe modelling
	線框模塑
	
	Boolean operation
	布爾運算
	

	Surface modelling
	表面模塑
	
	Animation
	動畫
	

	Solid modelling
	實物模塑
	
	Rendering
	塗彩/渲染/粉刷
	

	
	
	
	
	
	




VII Interactive Information
	
	Website
	Content

	1.
	FreeCAD Tutorial Part 1 Primitives
https://www.youtube.com/watch?v=xs1mFiJBYIo
FreeCAD Tutorial Part2 Booleans
https://www.youtube.com/watch?v=h2srTKcmBEE
FreeCAD Tutorial Part 3 2D Constraints
https://www.youtube.com/watch?v=siqXdX2iwm4
FreeCAD Tutorial Part4 From 2D Sketch to 3D Model
https://www.youtube.com/watch?v=Sg_9PAmWNDg
FreeCAD Tutorial Part5 More 2D Constraints
https://www.youtube.com/watch?v=KvHJdNfl0TU
FreeCAD Tutorial Part 6 Exercise 1A
https://www.youtube.com/watch?v=QjdijQ2tXOM
FreeCAD Tutorial Part 7 Exercise 1B
https://www.youtube.com/watch?v=bSiSSXzaQBs
FreeCAD Tutorial Part 8 Sweep and Loft Utility
https://www.youtube.com/watch?v=7rk6nFuyLJ8
FreeCAD Tutorial Part 7 Array Utility
https://www.youtube.com/watch?v=AxqvxrNvZ3M
	A set of tutorial by a designer on how to use FreeCAD 




	
	Website
	Content

	2.
	https://www.youtube.com/watch?v=lA0Q9PZvCtU&index=13&list=UURqBcwPkvTqU_FMYLHPnv8A
	Producing a similar result like Part 2 above with 123D Design

	3
	https://www.youtube.com/watch?v=lDU5abw-gnI&list=UURqBcwPkvTqU_FMYLHPnv8A
	Producing similar results like parts 6 & 7 above with 123D Design

	4.
	https://www.youtube.com/channel/UCuwmvJXdUCik-Z6goNzTxKQ/videos
	A tutorial by another designer on how to use FreeCAD

	5
	https://www.youtube.com/watch?v=CTEPu50bG4U
	Use FreeCAD to generate views

	6
	From FreeCAD To The Real World
https://www.youtube.com/watch?v=TqZeThC38ug
	Use FreeCAD to draw and then use a 3D printer to output the product

	7
	FreeCAD Python assembly animation.
https://www.youtube.com/watch?v=5Ik2Bh4wXYg
	An assembly animation

	8
	https://www.youtube.com/watch?v=Zmq5B9nRnpQ
	A simple engine animation

	9
	https://www.youtube.com/watch?v=pkhjX792yVI
	Scratch tutorial








Appendix 1: Using a computer to draw a 3D book strap buckle
In this part, we will demonstrate how to use the 3D computer graphics software SolidWorks to design a book strap buckle.
(a)	Settings 
(i) Customisation: Before drawing, select the required tool, then
· Press the 'New' button [image: 開啟新檔按鈕].  Select 'Part', press 'OK' and then a panel will open.
· In the 'Tools' menu at the top of the panel, select 'Customize Menu'. 
· In the 'Customize' dialogue box, select the required tools and then press 'OK'.
[image: C:\Users\edxywt\Desktop\Customize.png]
(ii) Options: When finished choosing the tools, we can configure the layout.
· In the 'Tools' menu, select 'Options'. 
· In the 'System Options' dialogue box, set all the required configuration and then press 'OK'.
[image: C:\Users\edxywt\Desktop\System Options.png]



(b) Understanding the function of each icon
(i) View Orientation: How to view the graphics that have been drawn?
· Open an existing file.
· Press the 'View Orientation' button [image: 視角方位按鈕] to open the ‘Orientation’ window. Every time the orientation is changed, the window will close. To keep it open, press the 'Pin' button [image: 圖釘按鈕] inside the window.
[image: C:\Users\edxywt\Desktop\orientation.png]

(ii) Zooming and moving: How to handle the drawing position more easily?
· Using the various zoom and move buttons, suitable drawing positions can be set.
[image: 按鈕]




(c) [image: C:\Users\edxywt\Desktop\Part1.png]Drawing[image: 基準面] processes
(i) Extruding a 2D sketch as a 3D object: How to draw 2D and 3D graphics?
· In ‘New Document’, select ‘Part’ and press ‘OK’ to open a new drawing sheet.
· Select a plane to start with, e.g. Plane1 (front plane).
· Press the ‘Sketch’ button [image: 草圖繪製按鈕] on the right side to activate the sketch tools nearby.
· Press the ‘Grid’ button [image: 網格線按鈕] and set the size of the grid.  (A small grid is suitable for small graphics; a large grid is suitable for large graphics.)
· Select the ‘Line’ sketch tool [image: 直線按鈕] to draw graphics with straight lines on the drawing sheet. Note that the graphics must contain no gap and the lines cannot overlap each other. 
· When a piece of ‘closed’ graphics is finished, press the ‘Extruded Boss/Base’ button [image: 伸長填料按鈕] on the left.  Input a suitable thickness in the dialogue box and press ‘OK’.  Then the 2D figure will become a 3D figure. 
[image: C:\Users\edxywt\Desktop\extrude.png]

[image: solidworks001]  [image: solidworks003] 



(ii) Sunken rectangular hole: How to create a sunken hole on a 3D figure?
· First, select a planar area on the 3D figure where a hole is to be created.
· Press the ‘Rectangle’ button [image: 矩形按鈕] and draw a rectangle on the selected surface.
· If you want to adjust the size and position of the rectangle, you can press the ‘Dimension’ button [image: 標註尺寸] on the right side of the panel to make adjustment. 
· When the required shape has been drawn, press the ‘Extruded Cut’ button [image: 伸長除料按鈕] on the left side of the panel. Input the required depth and press ‘OK’.
[image: solidworks011][image: solidworks009] 
(a)            (b)
(iii) Circular hole: How to create a through hole on a 3D figure?
· First, select a planar area on the 3D figure where a hole is to be created.
· Press the ‘Circle’ button [image: 圓形按鈕] and draw a circle on the selected surface.
· If you want to adjust the size and position of the rectangle, you can press the ‘Dimension’ button on the right side of the panel to make adjustment.
· When the required shape has been drawn, press the ‘Extruded Cut’ button [image: 伸長除料按鈕] on the left side of the panel. In the ‘End Condition’, select ‘Through All’ and press ‘OK’. 
(a)              (b)
[image: solidworks019][image: solidworks015] 

(iv) Irregular raised shape
· First, select a planar area on the 3D figure where an irregular raised shape is to be created.
· Press the ‘Line’ button [image: 直線按鈕] and draw an irregular shape on the selected surface.
· When the required shape has been drawn, press the ‘Extruded Boss/Base’ button [image: 伸長填料按鈕] on the left side of the panel.  Input the required length and press ‘OK’.
(a)                                 (b)
[image: solidworks025] [image: solidworks027]
	
(d) Editing sketches and definitions
(i) [image: C:\Users\edxywt\Desktop\Part1_2.png][image: 編輯草圖]Editing sketches: How to modify the shape of the design?
· Right-click the part that needs to be modified, such as ‘Boss – Extrude1’, in the ‘FeatureManager’ on the left side of the panel and select ‘Edit Sketch’. Then a ‘Rebuild’ icon [image: 交通燈] (in the form of a traffic light) will appear next to ‘Boss – Extrude1’. 
· The figure will be displayed in blue. Use the ‘Select’ tool [image: 箭頭按鈕] to select the wrong line (which will be coloured in red) and press the ‘Delete’ key on the keyboard.
· Use the ‘Line’ tool to draw the required line segment.
· A ‘Rebuild’ icon [image: 交通燈] (in the form of a traffic light) will appear in the ‘FeatureManager’ on the left side of the panel.  If you want it to disappear, press the ‘Rebuild’ button at the top of the panel and the modification is completed. 
· 


(ii) [image: C:\Users\edxywt\Desktop\Part1_2.png][image: 編輯草圖]Editing definitions: How to modify the depth of a design?
· Select the part that needs to be modified, such as ‘Boss – Extrude1’, in the ‘FeatureManager’ on the left side of the panel. 
· Right-click and select ‘Edit Definition’.
· In the ‘Extrude PropertyManager’ dialogue box, modify the depth.  Press ‘OK’ and the modification is completed. 

(iii) Editing definitions: How to change a design – from raised to sunken?
· Select the part that needs to be modified, such as ‘Boss – Extrude1’, in the ‘FeatureManager’ on the left side of the panel.  Press ‘Delete’ key on the keyboard and press ‘OK’.
· Then the ‘Boss – Extrude1’ in the ‘FeatureManager’ will be removed but the sketch will be retained. 
· Select ‘Sketch4’ and press the ‘Extrude Cut’ button on the left hand side. Input the depth and press ‘OK’. The raised figure will now become sunken. 
· Finally, press the ‘Rebuild’ button to complete the entire modification process. 

(e) Other features 
(i) Fillet 
· Press the ‘Fillet’ button [image: 圓角按鈕] on the left side of the panel. In the ‘Fillet PropertyManager’ dialogue box, input the value of the radius. 
· Then input the edges that need to be filleted for the ‘Items to fillet’ (the pink box), by clicking the edges or faces on the figure directly (multiple selection is possible).  Then press ‘OK’ to complete the process. 
[image: C:\Users\edxywt\Desktop\fillet.png]


(ii) Chamfer 
· Press the ‘Chamfer’ button [image: 導角按鈕] on the left side of the panel. In the ‘Chamfer PropertyManager’ dialogue box, input the edges that need to create a bevelled feature for the ‘Edges and Faces or Vertex’ (the pink box), by clicking the edges or faces on the figure directly (multiple selection is possible).  
· Then input the required distance and angle in the ‘Parameter values’, and press ‘OK’ to complete the process.
[image: C:\Users\edxywt\Desktop\chamfer.png]
(iii) Fillet and chamfer 
· Repeat the above steps, then you can create fillet and chamfer features to the rectangular hole and the circular hole.  

(iv) Shell: How to turn a 3D solid into a hollow object (a 3D shell)?
· [image: C:\Users\edxywt\Desktop\shell.png][image: 薄殼特徵]Press the ‘Shell’ button [image: 薄殼按鈕] on the left side of the panel. In the ‘Shell PropertyManager’ dialogue box, input one or more faces that you want to create shells for the ‘Faces to remove’, by clicking directly on the face(s) of the figure. 
· Then input the required thickness and press ‘OK’ to complete the process.
(v) [image: C:\Users\edxywt\Desktop\Part1_3.png][image: 手拉動註記]FeatureManager 
The FeatureManager records every drawing step. Using the mouse to drag the rollback bar, you can view the various drawing steps. 



Appendix 2: Using the software SolidWorks to draw a cylindrical solid chess piece
1. [image: 草圖繪製按鈕]Open a new drawing sheet [image: 開啟新檔按鈕],    select the part template and then select an appropriate plane (e.g. Plane1).
2. Press the ‘Sketch’ button      and then press ‘Front View’ button. 
3. [image: ][image: ]Press the ‘Centerline’ button [image: 中心線按鈕]. Draw a vertical centreline at the origin with an appropriate length. 





Fig. 1.1 Draw a centreline      Fig. 1.2 Drawing the cross-section of a closed shape
4. [image: ]Press the ‘Line’ button [image: 直線按鈕].  According to the design, draw the closed cross-section of the piece next to the centreline.  Use the ‘Trim’ button [image: 剪開按鈕] to cut away excess line segments.
[image: ]
	




Fig. 1.3  360° revolved boss	Fig. 1.4 A 3D shape is created
5. Press the ‘Revolved Boss/Base’ button [image: 旋轉按鈕], then select ‘One-Direction’, ‘360°’ and ‘Solid Feature’.  Press ‘OK’ and the 3D shape will be created. 
[image: ][image: ]





Fig. 1.5 Adjusting to the appropriate size	Fig. 1.6 Filling colours
6. Press the ‘Zoom to Fit’ button [image: C:\Users\edxywt\Desktop\2.png] to reduce the size of the 3D shape. 
7. Select a surface on the 3D shape (which will change to green colour), then press the ‘Edit Colour’ button [image: C:\Users\edxywt\Desktop\1.png] to fill the chess piece with colours.
Appendix 3: Setting the language of FreeCAD as English 
1. 	Select ‘Preference’ under ‘Edit’.












2. 	At ‘Change language’ under ‘General’, choose ‘English’, and then press ‘OK’.  The interface and instructions will then be changed to English. 
[image: ]















 CAD Exercise


(If necessary, teachers may let students do some fundamental exercises first with the tutorials provided together with the software.)
Exercise 1
The following figure shows an isometric view of a slide. Employing primitives and features approaches, use an appropriate piece of CAD software to draw its solid model.
(You may refer to the example that illustrates the actual drawing procedures using FreeCAD in the Relevant Knowledge section.)
1. Draw the front view of the model.
2. Extrude it to a thickness of 70mm to make it into a 3D model.
3. In the side view, draw two squares with dimensions 10mm × 10mm at the two lower corners and generate 'Through All' pockets / cuts.
4. On the vertical plane of the L-shaped base, draw a R25 circle and generate a 'Through All' pocket / cut to create an indented semi-circular pit. 
5. In the top view, on the vertical plane of the L-shaped base, draw a R14 circle and generate a 'Through All' pocket / cut to create a circular hole.
6. Output the plan views. 
50
Front view
Side view



















The following demonstrates the procedures to create a slide using the free CAD software FreeCAD.

	1	Draw the design in line.
	[image: ]

	2	Set the constraints and sizes (these values can be changed at any time).
	[image: ]

	3	Extrude the surface to make it into a 3D object.
	[image: ]





	4	Add other features.
	[image: ]

	5	Add and modify the features.
	[image: ]

	6	Output the plan views.
	[image: ]






Exercise 2
The following figure shows an isometric view of a double bevelled base. Employing primitives and features approaches, with reference to Exercise 1, use an appropriate piece of CAD software to draw its solid model.

[image: ]












(Adopted from: HKEAA 2012 DSE DAT Practice Paper)






Exercise 3
Use primitives A to E to construct the 3D solid model of an assembly (Object Z)
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	Object A
	Object B
	Object C
	Object D
	Object E


[image: ]
	Object Z
	





Exercise 450

The figure on the right is an isometric view of the slide of Exercise 1. Using solid geometry approach and 'Boolean operations', show the major CAD steps required in constructing the 3D model of the object in the following space.
(You may refer to the example that illustrates the drawing procedures in the Relevant Knowledge section.) Side view
Front view



	



[image: ]Exercise 5
The figure on the right is an isometric view of the double bevelled base of Exercise 2. Using solid geometry approach and 'Boolean operations', show the major CAD steps required in constructing the 3D model of the object in the following space.
(You may refer to the example that illustrates the drawing procedures in the Relevant Knowledge section.)

(Adopted from: HKEAA 2012 DSE DAT Practice Paper)
	





[image: 31]Exercise 6
The figure on the right is the top part of a linkage. Using solid geometry approach and 'Boolean operations', show the major CAD steps required in constructing the 3D model of the object in the following space.
(You may refer to the example that illustrates the drawing procedures in the Relevant Knowledge section.)

	



Exercises 7, 8 and 9
Employing solid geometry approach and ‘Boolean operations’, use an appropriate piece of CAD software to draw the solid models of the objects of Exercises 4, 5 and 6.

Exercise 10
Add colours, textures, background and lighting to the solid models constructed in the above CAD exercises, so as to strengthen their 3D effect and make them look more realistic.

Exercise 11
Output the animations of the solid models constructed in the above CAD exercises to show the effects on the models when viewed from different angles.
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