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LESSON PLAN 2.1.4

TEACHING MODULE 2.1.4

Chapter 2.1 | Creating 3D Designs with CAD Software
Equipment (if | PC, CAD software (TinkerCAD)
needed)
Duration | 2 hours

Short description

In this worksheet, we will learn how to accurately design functional 3D
objects. More specifically, we will design a toy building brick, a mold for
multiple toy building bricks, and a plumbing T connector.

Required knowledge: Chapter 1.2

Learning Outcomes

Import basic shapes and parametric shapes from the ThinkerCAD library.
Move, rotate, and adjust shapes in space. Group together a set of shapes to
create complex models. Correct alignment of objects. Hollowing out objects.

Skills: Adequate familiarity with TinkerCAD, 3D design choices, and their
implementation, Experimentation.

Attitudes: Resourcefulness, Coordination, Organizational skills, Problem-
solving, Experimenting, Creativity, Situational awareness, Focus on a specific
task, Patience

Activities

Activity 1

Exercise 1: Create a 2x4 toy building brick in TinkerCAD

Exercise 2: Create a mold for toy building bricks in TinkerCAD

Aim of the activity

Making a toy building brick and a toy building brick mold.

Duration | 1.5 hours
Type of Activity | Worksheet
Teaching Objectives | Create complex objects in TinkerCAD, design with accuracy using the
TinkerCAD environment.
Resources | Worksheet 2.1.4 / Exercise 1 and Exercise 2
Activity 2 | Exercise 3: Create a plumbing T connector in TinkerCAD

2 QOB




3D2

CT

W

I APY M A
KPATIKQON
YNOTPO®ION

IKY

Co-funded by the
Erasmus+ Programme
of the European Union

Duration

30 minutes

Type of Activity

Worksheet

Teaching Objectives

Create complex engineering objects in TinkerCAD.

Resources

Worksheet 2.1.4 / Exercise 3
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Activity Worksheet 2.1.4 (Teacher Version)

Level 2 (Intermediate Level: Mastering the Basics and Beyond)
Chapter 2.1 Hands-on Training: Customizing and Printing Simple Designs
Activity Worksheet 2.1.4

In this worksheet, we will learn how to design a 3D model of a toy building brick and its mold,
and a plumbing T connector using TinkerCAD.

More specifically, students will learn
e how to accurately design the toy building brick
e how to create a mold for multiple toy building bricks
e how to design a plumbing T connector/adapter

The final designs will look like the following images.
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Exercise 1: Create a 2x4 Toy Building Brick
Before starting the design process, let’s review the dimensions of a 2x4 toy building brick.

Keep in mind that this brick will be 4 times 8mm long, minus the clearance spacing of 0.2mm
(when connecting two bricks), thus its total length will be 31.8mm. The same goes for the width
which will be 2 times 8mm long, minus the 0.2mm spacing, which results in a total width of
15.8mm. The wall thickness should be 1.2mm.

R

0.2
CLEARANCE
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Create a new TinkerCAD design called “3D2ACT toy building brick”.

First, we will design the top side. Create a rectangle with dimensions 15.8 x 31.8mm and 1.2mm
in height.
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Steps —0
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Width -0 318

Height (@]

Click on the “Ruler Tool” and place the ruler in the bottom left corner. Add a Cylinder (64 sides)
with a diameter of 4.8mm and a height of 1.8mm from the top of the rectangle surface. Place the
Cylinder 1.5mm in width and length away from the bottom left corner (using the ruler) as shown
in the image below. This means that the center of the cylinder will be 3.9mm away from the
bottom left corner.

: QOO



I APY M A
KPATIKQON
YNOTPO®ION

IKY

Co-funded by the
Erasmus+ Programme
of the European Union

~  cylinder = Q

@

Solid Hole
Sides Q 64
Beve! e
Segments (O

Duplicate the cylinder (Ctrl+D) and position it 9.5mm away from the bottom left corner i.e. the

centers of the cylinders must be 8mm apart.

- Cylinder 3 O

Solid Hol
Sides O B4
Bevel O
Segments (O
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Duplicate and position the rest of the cylinders (8 in total), calculating the correct distances from
the bottom left corner.

The correct distances of the cylinders from the bottom left corner are:

Cylinder Distances
C1 X:1.5,Y:1.5
C2 X:9.5,Y:1.5
c3 X:17.5,Y:1.5
Ca X:25.5,Y:1.5
C5 X:1.5,Y:9.5
C6 X:9.5,Y:9.5
c7 X:17.5,Y:9.5
C8 X:25.5,Y:9.5

Group everything together and you should have something like the image below.
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Now we will create the bottom part of the brick. Rotate the brick 180°, click on the “Workplane
tool” and make the flat surface our new workplane. Reposition the ruler in the bottom left corner

of the object.

Create a rectangle with dimensions 15.8 x 1.2mm and 8.4mm in height.

FRONT

0.00 o

15.80

0.00
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Continue closing the perimeter of the object with a wall of 1.2mm thickness.

Box

M 20

120 | B

0.00

Select the “Tube” (64 sides) from the “Basic shapes” library, with a 3.255mm radius (i.e. 6.51mm
outer diameter), 0.855mm wall thickness (i.e. 4.8mm internal diameter), and 8.4mm height.
Position the tube 4.645mm in width and in length away from the bottom left corner (the center
of the tube must be 7.9mm away from the bottom left corner).
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Duplicate and position the rest of the tubes (3 in total), calculating the correct distances from the
bottom left corner. The centers of the tubes must be 8mm apart from each other.

The correct distances of the tubes from the bottom left corner are:

Tube Distances
T1 X: 4.645, Y: 4.645
T2 X: 12.645, Y: 4.645
T3 X:20.645, Y: 4.645
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A rectangular-shaped part should be placed along the inner sides of the walls, as shown in the
picture below. The dimensions of this rectangle are 0.3mm in width, 0.6mm in length, and 8.4mm

in height.

TOP

Position it 1.2mm in width and 3.6mm in length away from the bottom left corner (the center of
the rectangle must be 3.9mm away from the bottom left corner).

Duplicate and position the rest of the rectangles (12 in total), calculating the correct distances
from the bottom left corner. Note: The dimensions of the east and west wall rectangles are
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0.3mm in width, and 0.6mm in length, while the dimensions of the north and south wall
rectangles are 0.6mm in width, and 0.3mm in length. The resulting object should look like the
following image.

The correct distances of the rectangles from the bottom left corner are:

Rectangle Distances
R1 X:1.2,Y:3.6
R2 X:1.2,Y:11.6
R3 X:3.6,Y:14.3
R4 X:11.6,Y:14.3
R5 X:19.6,Y:14.3
R6 X:27.6,Y:14.3
R7 X:30.3,Y:11.6
R8 X:30.3,Y:3.6
R9 X:27.6,Y:1.2

R10 X:19.6,Y:1.2
R11 X:11.6,Y:1.2
R12 X:3.6,Y:1.2
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Exercise 2: Create a Mold for Toy Building Bricks

The idea of this exercise is to create a mold using our previous design. This mold could potentially
be used to generate multiple building bricks at once.

Create a new TinkerCAD design called “3D2ACT mold for toy building bricks”. Copy the previous
brick model and paste it into this new design project. Make 8 copies and arrange them as shown
in the picture below, with 8mm spacing between each other.

Select all the pieces and convert them to “Hole” instead of “Solid”. We need the external outline
of the brick for the mold (not the internal details), so we make a hole rectangle with dimensions
15.8 x 31.8mm and 9.6mm in height and we will align it with the brick (it will hide the internal
details). We group the brick and the rectangle hole together and we do the same for every brick.
Note: the hole rectangle should be elevated 1.8mm from the workplane so it does not cover the
8 cylindrical connectors of the brick.

Then we elevate by 2mm all the bricks from the workplane.
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Then we will create the mold using a solid rectangle with dimensions 103.2 x 87.6mm and
13.4mm in height. The corners of the rectangle mold should be 8mm away (vertically and

horizontally) from the bricks.
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Finally, we group everything together and we have our 8-piece mold.
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Exercise 3: Create a T Plumbing Connector

In this Activity worksheet, we will learn how to design a 3D model of a common plumbing T
connector piece (T-shaped pipe adapter M-M-M % inch = DN15 = 20mm).

M-M-M
1/2 = DN15 =20mm

. 20mm

48mm

S

Create a new TinkerCAD design called “3D2ACT plumbing T connector”.

Click on the search button, type “thread” and you will find a shape called “ISO metric thread” (or
you can also find it in the “Shape Generators” library). Change the Diameter to 20mm, Segments
to 32, and Rotations to 7. Leave the rest of the parameters to the default values.
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Create a cylinder, touching the workplane, with a 17.3mm diameter, 64 Sides, and 40.4mm in
height. Duplicate the thread and position it on top of the cylinder. Select all shapes and align
them in the center. Group everything together. The total height should be 52mm.

FRONT |1
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Duplicate the thread and the cylinder, and decrease the height of the cylinder to 37mm.

FRONT |4V

——

Create two hole cylinders, 14mm in diameter and 55mm in height. Align them in the center of
the two pieces.

.___.
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Rotate the two pieces 90° connect them, and align them correctly (as shown in the picture
below). Group the holes and the pieces together. Make sure that you can see through the piece

and that the water can flow freely.
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