ENGG1100 Introduction to Engineering Design I 

Engineering Faculty
The Chinese University of Hong Kong

Self-Practice: Computer Aided Design Using SolidWorks
This material is designed to guide you (the students) to perform mechanical design in computer using SolidWorks. The details and basis on using the SolidWorks can be found in the tutorial notes. In this practice, you will have a review on 
1) how to design and build a 3-D component/part in computer;

2) how to virtually assemble parts/components in computer.
Some students may have used other CAD software, but SolidWorks is adopted in this course. All students should design the components used in the course project using SolidWorks and submit their design files in the .stl format for fabrication with the rapid prototyping (RP) machine.
This practice is not an assignment. However, students are advised to complete this in order to get more familiar with SolidWorks, which is a very useful tool for completing the course project. 

1. Opening the program and a part file:
1.1 Click the SolidWorks icon [image: image91.png]


 to open the program.
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1.2 Open new document, select “Part” [image: image2.png]@isolidWorks




 (icon at the top-left corner)
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1.3 Press “Ctrl + s” to save this part file first and name it as “Wheel.SLDPRT”. You may open a new folder to store the file for better file management. 
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You have already opened a new part file and save it. Next, you are going to draw a wheel for your car.
2. Sketch in 2-D plane:
The wheel that you will draw is shown in the picture below. You can use a varnier caliper to measure the dimensions of the wheel and draw the wheel according to the dimensions. You may also use a ruler to measure in lower accuracy if you don’t have a caliper.
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Start sketching the wheel:
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2.1 Select “front plane” and click “sketch” in the sketch tab [image: image7.png]
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Selecting “sketch” is to enter sketch-mode in which you can sketch on any plane.
[image: image84.png]



After selecting “sketch”, the window should look like the right picture:
Selecting “Front plane” makes you in the sketch mode on the front plane. 
2.2 In the tool-bar at the top, select the “Sketch” tab, and click “circle” [image: image9.png]
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2.3 Move your cursor to the origin and left-click once to locate the center of the circle first. 
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You can click “ESC” on the keyboard to cancel a wrong placement any time, and “delete” if you want.
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2.4 Click anywhere once more to fix the radius of the circle.

After you fix the circle, it is indicated in blue color, which means that this circle has not yet been well defined (i.e. you have not fixed all the parameters of the circle yet). The right picture displays a circle which is not well defined. 
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2.5 Click “Smart Dimension” [image: image13.png]


 to define the dimension (radius) of the circle. [image: image14.png]E O 5 Ao
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After you click the circle, an arrow will be displayed. Then, click to fix the position of the dimension.
2.6 Type t “65mm” in the high-lighted space in the pop-up window. 
2.7 Click a transparent icon at top-right hand corner to “confirm” the sketch.

3. Turning the sketch into a 3-D part:
3.1 On the “Features” tab, select “Extrude Boss/Base” [image: image15.png]o
Extruded Revolved
Boss/Base oss/Base

Features [Skeion |



, 
[image: image16.png]E|l o \-0-n % @ 5 A e & 4 0oy
St | snert T comvert
et | omeneon 1~ B - O - A i, TR ofet

®-0 - *





[image: image17.png]s (& SweptBossfpase & @ Eve @ &) rb (@ wep

Erided Revived B Lofiedbosolse | Exiuded Hoe Revoved U8 tofiedcut | ™ 17 oo @) pome
BossfBase. BossfBase Gt Wmd Gt
) Boundary BossfBase.

B T T

Features [ Skeich | Evaluate | DimiXpert | Ofice Produdts | o





The 2D sketch will change to a transparent 3-D body that needs your confirmation. DO NOT click “confirm” button at this stage. (see the picture below) 
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3.2 In the left table, make sure that the extruding type is [image: image19.png]


  

3.3 Type “26mm” in the space provided, [image: image20.png]& 26.00mm




3.4 Confirm by clicking the “tick” on the top-right hand corner 
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The finished part is obtained after the confirmation: 
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4. Adding more features:
In design, it may necessary to add more features to a part, such as making holes. Details on how to add features can be referred to pp. 24-25 in the pptx file of the tutorial. 

4.1 Select one of the flat surfaces on the part and then click “sketch” [image: image24.png]



4.2 Press “Ctrl + 1” on the keyboard to see the part from the front view.

4.3 Sketch a circle of diameter of 22mm at origin.
Note: now the procedures are as the same as those for sketching on the top plane. Please follow the procedures to draw the circle and give it dimensions.
4.4 “Extrude” outside and set thickness of the circle to “5mm”.
The finished part is as follows:
[image: image25.png]



4.5 Sketch a circle of diameter of 5.5mm on the flat surface of the small cylinder.
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4.6 Select “Extrude cut” in the “Features” tab [image: image28.png]Extruded
cut
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4.7 Select “Through All” as the option of the cutting direction[image: image30.png]=
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. 
This is like drilling a hole on the wheel. 
4.8 Click “Fillet” on the “Features” tab [image: image31.png]Filet



, set fillet radius to 2mm [image: image32.png]Items To Fillet.
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. 
4.9 Select the 2 rims of the wheel, click “tick” to confirm. 
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Note:
When you are drawing the parts, you have to strike a balance between the time used and the details of the parts. In this lab, you are required to draw a wheel that can be used in assembling your car. The most important information includes the diameter of the wheels and the connections.  The finished part shown below already serves the purpose.
Finished parts in this session:
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Additional useful skill (changing colors):

4.10 Select the 2 fillet surfaces and the cylindrical surface as indicated on the right picture by pressing “Ctrl” key.

4.11 Click the right button of the Mouse to see the menu below. Then click the “appearance” icon as shown: 
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4.12 Click the selected faces: “Face<1> …….” to modify its appearance. The selected geometry will be listed on the left sub-window.
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 “tick” to confirm. You can change the color of a face as you like. After the modification, save the file by pressing “Ctrl + s” keys.

5. Part Assembly:
Different from the procedure of creating parts or modifying parts, assembly is a process of putting your designed parts together to obtain the final design.  
In the project, you are required to design a robot. When you design, you can assemble your designed chassis with the given parts (e.g. wheels, motors, omni-wheels) to verify whether your design meets the design requirements and constraints. For example, you may need to check: 

· Whether the holes for the screws and nuts are well aligned?
· Whether a part intersects with another part? 

· Whether the chassis blocks rotation of the wheels? \

· etc.
The basic procedures of assembling parts are as follows:

1. Open a new assembly.
2. Insert necessary parts for the assembly.

3. Define mating relationships between the parts (e.g. concentric relationship for screws, nuts and the holes)
4. Modify the part if necessary. [optional]

Below is an exercise on part assembly:
Importing parts necessary for the assembly

5.1 Open a new assembly. A pop-up menu for inserting components is automatically shown, [image: image39.png]30 representation of  single design component

230 arrangement of parts and/or other assemblies
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click “browse” to obtain the base part:  “Chassis_base.SLDPRT”. 
Note that this firstly selected component does not move as the base part for assembly. Later inserted components are floating and hence can be mated onto this fixed base part.

5.2 Insert more components by clicking the button [image: image40.png]&
Insert
Components



 in the “Assembly” tab. 
[image: image41.png]8 5E- Assem2.SLDASM = (@ scarch Solviorks Help.

GgsolidWorks o D-B-H-%-9-&

® ; ® & :
et e B e | B ey e 28 SRS
o o Fasteners. o Hidden V| Moton | Materials | View Line.

5 ® - Components - iy Sketch

Edt
Component

Assembly [ Layout | Sketeh | Evatuate | Offcs Produds T A Y U=





Then click “browse” (same as the procedures before) for the components below (one for each):
[image: image42.png]+ Motor_gear_box_new.SLDPRT
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Parts needed in this assembly:
[image: image43.png]



5.3 If you want to duplicate parts (e.g. 2 wheels), you can press and hold “Ctrl” button and then press “mouse left click” on the part and pull away. Then a duplicated part is “pulled out”.
Use this skill to obtain enough numbers of duplicated parts (the picture below shows all the parts): 
	Parts name
	number
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Defining relationship between parts
The relationships used in this exercise are “Coincident” and “Concentric”, 

Coincident: 2 planar faces “stick” together [note: 2 planar surfaces are “Infinitely large”]
Concentric: 2 cylindrical surfaces / circular features align onto the same center/center-axis.
Below is the final assembly (preview) of the car (with the wheels drawn by you!): [image: image45.png]



Note: 
The “RED Cylindrical surfaces” indicates the holes being held by screws (and nuts).
The “RED Flat surfaces” (you will see in the parts) indicates planes to be assembled together.
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a) Assemble the motor and the wheel: 

The parts necessary for the assembly are shown in the right picture.
Left: 
Motor holder;

Middle:
Motor with gearbox;

Right:
Wheel;

Below are the steps for assembling the wheel and the motor:

1. Click “Mate” [image: image54.png]Mate
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A menu will be shown as the right picture.
You are required to select any 2 planes/surfaces/lines and to define
the mating relationships between them.
2 Click the inner red cylindrical surface on the wheel,
and then the red curved surface on the motor shaft.
[image: image56.png]
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The picture below shows the mating results after selecting the two surfaces. The menu in the right picture shows the faces are selected and assembled with a concentric relationship 
[image: image58.png]



Note: sometimes the mating result may be incorrect 
(see the right picture), then you can click [image: image59.png]


 button to reverse the direction.
3. Click [image: image60.png]


 to confirm this mate.
Then the Mate window will refresh. The selected  faces will disappear, but the window still remains here because the mating function enables you to do multiple mates successively so that you don't need to click “Mate” every time.
4. Without closing the mating window, click 2 more surfaces:

the RED flat surface on the wheel and the tiny RED flat surface on the motor shaft.

Below are pictures showing the parts (surfaces) after selection.
[image: image61.png]
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5. After the selection is completed, the automatic mating will give you the “coincident” as the relationship and you will see the 2 parts merge together.

[image: image63.png]
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6. Click [image: image65.png]


 to confirm this mate. 

7. Mate the motor with the holder, and mate the three screwing holes together (by concentric relationship) as below. (Actually mating any two holes are sufficient for mating the three.)
[image: image66.png]



8. Click [image: image67.png]


 to confirm this mate. 

9. Then mate the following two faces by “coincident” relationship
[image: image68.png]
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10. Click [image: image70.png]


 to confirm this mate. 

The finished assembly is as follows:

[image: image71.png]



You can further assemble the parts to the final following assembly, i.e. the car (all relationships are just “coincident” and “concentric”) by yourself.
[image: image72.png]
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Window after selecting “Part”
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