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LESSON PLAN 2.1.3
TEACHING MODULE 2.1.3
Chapter 2.1 Hands-on Training: Customizing and Printing Simple Designs
Equipment (if PC with Internet access, 3D printer
needed) Optional: calipers for measuring the dimensions of parts
Duration 2 hours
Short description In this worksheet we will learn how to design a wrench from scratch.
Learning Outcomes How to design a functional object
Design and customize a 3D model using TinkerCAD from scratch,
Alignment of objects, Applying different slicing options
Imagination, Problem Solving, Critical Thinking, Adaptability,
Experimentation, Improvisation, Perseverance
Activities
Activity 1
Aim of the activity
Duration
Type of Activity
Teaching Objectives
Resources

Exercise 2.1.3.1
Design a wrench by following the given steps
45 min
Worksheet
Combine different shapes together to create a functional wrench
Worksheet 2.1.3 / Exercise 1, wrench.stl

Activity 2
Aim of the activity
Duration
Type of Activity
Teaching Objectives

Exercise 2.1.3.2
Students must design their own wrench using different diameter
20 min
Worksheet
To test the students’ knowledge
2

Resources Worksheet 2.1.3 / Exercise 2
Activity 3
Aim of the activity
Duration
Type of Activity
Teaching Objectives

Exercise 2.1.3.3
Design a nut and a bolt to test their own wrench
25 min
Practical Assignment
To test if their wrench is functional and to suggest more designing
options.
Resources Worksheet 2.1.3 / Exercise 3
Further Reading
Resource 1 title https://en.wikipedia.org/wiki/Wrench
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Activity Worksheet Template 2.1.3 (Teacher Version)
Level 2 (Intermediate Level: Mastering the Basics and Beyond)
Chapter 2.1 Hands-on Training: Customizing and Printing Simple Designs
Activity Worksheet 2.1.3
In this Activity worksheet, we will learn how to design a 3D model of a functional wrench. More
specifically, we will:




Design the wrench using previous knowledge.
Design a new wrench with a different diameter.
Design a nut and a bolt to test the wrench and suggest some design options.

After finishing with this design, students have to create their own object with a new diameter,
using the above-mentioned structure. Also, they have to suggest new design options.
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Exercise 1: Design a Wrench by Following the Given Steps
•
•
•

•
•
•
•

In this exercise, step-by-step instructions will be given in order to complete the wrench
as shown on the previous page.
First, we have to add a cylinder in the workplane and maximize its sides to 64 as shown
below.
Then set the width and length to 22 and its height to 5.

Then add a Polygon to the workplane.
Rotate it by 30 degrees.
Set the values as shown below (20 x 16). The width is set to 16 mm because the nut is 15
mm and the wrench is functional when it is 1 mm bigger than the nut.
Make the polygon as a hole and place it inside the cylinder as shown below.
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•
•

Then middle align the polygon and the cylinder.
Finally, group those 2 shapes together.

•
•

Moving forward to the next shape, a box has to be added to the workplane.
Set the height of the box to 5, the width to 65 and the length to 12. This is actually the
handle of the wrench.
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•
•
•
•

Place the box on the second object, align the two objects and group them.
The figure below shows the result of that merge.
A second cylinder has to be added.
Set the sides of this cylinder to 64, the height to 5 and the length and width to 18.

•

To complete this shape, we have to align and group the two objects.

•
•
•

Finally, we have to create a hole in this shape.
Add a hole cylinder to the workplane and set the width and length to 12.
Then align and group the whole object.
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•
•

As we have learned in a previous lesson plan, the logo of this project can be added to
the wrench.
Finally, we have the wrench ready to be printed.
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Exercise 2: Design a New Wrench with a Different Diameter
•

In the market, we can find different types of nuts.
Nut size - length (mm)

Diameter (mm)

12

19

14

22

16
(this is the length used
in the example)

24

18

27

Two exercises that students can do are the following:

•
•
•
•

•
•

Exercise 1:
The students must design their own wrench with the diameter that they prefer. They must
note the above-mentioned advice, to make the wrench 1 mm bigger than the nut’s length.
The table above shows the available nuts on the market.
Students can choose one of the above-mentioned nut sizes and design their wrench.
The students have to change only the cylinders and the polygon’s length to create their
wrench.
Exercise 2:
Alternatively, the students can create a wrench with two heads but with a different
diameter for each one.
The following figure shows this design. It represents 16 and 18 mm
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Exercise 3: Design a Nut and a Bolt to Test the Wrench and Suggest Some Design
Options
•
•
•
•

Depending on the students’ design, they can create their own nut and bolt to test it.
Following are the steps to create the nut and the bolt.
First, add a polygon to the workplane, and set the values depending on your design.
(Has to be 1mm bigger than your wrench head.)
Then use a hole cylinder to create a hole in the polygon.

Design options:
Students have to investigate design options to make the wrench stronger and easier to use.
•

We can apply different designs to the wrench.
o First, we can increase the infill in the handle of the wrench at the slicing stage to
make it stronger.
o Another useful tip is to design a handle to have a place for the fingers. This
method makes the wrench easier to use.
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Activity Worksheet Template 2.1.3 (Student Version)
Level 2 (Intermediate Level: Mastering the Basics and Beyond)
Chapter 2.1 Hands-on Training: Customizing and Printing Simple Designs
Activity Worksheet 2.1.3
In this Activity worksheet, we will learn how to design a 3D model of a functional wrench. More
specifically, we will:




Design the wrench using previous knowledge.
Design a new wrench with a different diameter.
Design a nut and a bolt to test the wrench and suggest some design options.

After finishing with this design, students have to create their own object a with new diameter,
using the above-mentioned structure. Also, they have to suggest new design options.
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Exercise 1: Design a Wrench by Following the Given Steps
•
•
•

•
•
•
•

In this exercise, step-by-step instructions will be given in order to complete the wrench
as shown on the previous page.
First, we have to add a cylinder in the workplane and maximize its sides to 64 as shown
below.
Then set the width and length to 22 and its height to 5.

Then add a Polygon to the workplane.
Rotate it by 30 degrees.
Set the values as shown below (20 x 16). The width is set to 16 mm because the nut is 15
mm and the wrench is functional when it is 1 mm bigger than the nut.
Make the polygon as a hole and place it inside the cylinder as shown below.
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•
•

Then middle align the polygon and the cylinder.
Finally, group those 2 shapes together.

•
•

Moving forward to the next shape, a box has to be added to the workplane.
Set the height of the box to 5, the width to 65 and the length to 12. This is actually the
handle of the wrench.
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•
•
•
•

Place the box on the second object, align the two objects and group them.
Figure below shows the result of that merge.
A second cylinder has to be added.
Set the sides of this cylinder to 64, the height to 5 and the length and width to 18.

•

To complete this shape, we have to align and group the two objects.

•
•
•

Finally, we have to create a hole on this shape.
Add a hole cylinder to the workplane and set the width and length to 12.
Then align and group the whole object.
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•
•

As we have learned in a previous lesson plan, the logo of this project can be added to
the wrench.
Finally, we have the wrench ready to be printed.
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Exercise 2: Design a New Wrench with a Different Diameter
•

In the market, we can find different types of nuts.
Nut size - length (mm)

Diameter (mm)

12

19

14

22

16
(this is the length used
in the example)

24

18

27

Two exercises that students can do are the following:

•

•
•
•

•

Exercise 1:
The students must design their own wrench with the diameter that they prefer. They
must note the above-mentioned advice, to make the wrench 1 mm bigger than the nut’s
length.
The table above shows the available nuts on the market.
Students can choose one of the above-mentioned nut sizes and design their wrench.
The students have to change only the cylinders and the polygon’s length to create their
wrench.
Exercise 2:
Alternatively, the students can create a wrench with two heads but with a different
diameter for each one.
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Exercise 3: Design a Nut and a Bolt to Test the Wrench and Suggest Some Design
Options
•
•
•
•

Depending on the students’ design, they can create their own nut and bolt to test it.
Following are the steps to create the nut and the bolt.
First, add a polygon to the workplane, and set the values depending on your design.
(Has to be 1mm bigger than your wrench head.)
Then use a hole cylinder to create a hole in the polygon.
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Design options:
Students have to investigate design options to make the wrench stronger and easier to use.
•

We can apply different designs to the wrench.
o First, we can fill the handle of the wrench at the printing stage to make it more
resistant.
o Another useful tip is to design the handle to have a place for the fingers. This
method makes the wrench easier to use.

*Note: Suggest more designing options to make your wrench more functional.
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