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LESSON PLAN 2.1.2

TEACHING MODULE 2.1.2

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 measuring cube from
scratch.

Learning Outcomes | How to design and make calculations with precision

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 | Exercise 2.1.2.1
Aim of the Activity | Calculate the volume of different shapes
Duration | 20 min
Type of Activity | Worksheet
Teaching Objectives | Use mathematical equations to calculate the volume of different
shapes
Resources | Worksheet 2.1.2 / Exercise 1, measuring_cube.stl

Activity 2 | Exercise 2.1.2.2
Aim of the Activity | Design a measuring cube using pre-calculated shape volumes
Duration | 45 min
Type of Activity | Worksheet
Teaching Objectives | Combine different shapes together to create measuring volumes.
Resources | Worksheet 2.1.2 / Exercise 2

Activity 3 | Exercise 2.1.1.3
Aim of the Activity | Students must use their own shapes to create a measuring object

2 [Nk
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Duration

25 min

Type of Activity

Practical Assignment

Teaching Objectives

Combine previous knowledge to create a new object

Resources

Worksheet 2.1.2 / Exercise 3

Further Reading

Resource 1 title ‘ https://en.wikipedia.org/wiki/Volume
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Activity Worksheet 2.1.2 (Teacher Version)

Level 2 (Intermediate Level: Mastering the Basics and Beyond)
Chapter 2.1 Hands-on Training: Customizing and Printing Simple Designs
Activity Worksheet 2.1.2

In this Activity worksheet, we will learn how to design a 3D model of a measuring cube. More
specifically, we will:

= Find the volume of the objects for the measuring cube through mathematical formulas.
= Design the measuring cube using the calculated objects.
= Export the 3D model, slice it appropriately and print it.

After finishing with this design, students must use the following instructions to create their own
object, using the above-mentioned structure. They must use a cylinder and two shapes to create
their own measuring object.
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Exercise 1: Calculate the Volume of Different Shapes

3D2

W

Calculations

In this lesson, we will use different shapes in order to create the volumes needed. To create the
measuring cube, we will need to find the volume of those shapes. The following table mentions
the shapes and their equivalent equations.

SHAPE EQUATION (volume)
Rectangle Length x height x width
Triangle 0.5 x base x height x length
Pyramid 1/3 x Length x height x width

The aim of this activity is to improve the mathematical skills of participating students though
math equations, using geometrical shapes through 3D design in TinkerCAD.

Using the above-mentioned shapes in TinkerCAD, we can calculate the volume of each shape
using the given equations. For this part of the module, four shapes will be calculated and added
to the cube, alongside with the project’s name as we did in a previous part of the project (chapter
2.1.1).

At the end of the activity, an exercise will be given to the students to create their own measuring
object using any shape they desire.
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1 cm=10 mmand 1 cup = 250 cm3= 250 ml

Shape 1: Cube

Cube =8x8x8=512cm3 =512 ml

| measuring cube

oo« c] s

Shape 2: Combining together a Rectangle with a Triangle

1/2 cup =125 cm3 =125 ml
Rectangle volume:7.5 X 7.5 X 3 = 170cm3 = 170ml
Triangle volume: 0.5 X 7.5 X 3 X 4 = 45¢m3 = 45ml
e We need to subtract the volume of the triangle within the rectangle:

e Total volume= Rectangle — Triangle
o Total volume =170 —-45 =125 ml

6 D O6



I APY M A
Y KPATIKON Co-funded by the **x
3 D 2 '/ CT Lo an Erasmus+ Programme o

I KY of the European Union [

Shape 3: Triangle 1 — Triangle 2

1/3 cup =80 cm3®*= 80 ml.
Triangle 1 volume: 0.5 X 7.5 X 4.3 X 5.5 = 90cm3 = 90ml
Triangle 2 volume: 0.5 X 1.5 X 5.5 X 2.7 = 10cm?® = 10ml
e We need to subtract the volume of the trianglel within the triangle2:

e Total volume= Trianglel — Triangle2
o Total volume =90 - 10 = 80 ml

Shape 4: Pyramid

1/4 cup =60 cm3 = 60 ml

1
Pyramid volume = 3% 7.5%X 4.8 x5 = 60cm3 = 60ml

: QOB
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Exercise 2: Design a Measuring Cube Using Pre-Calculated Shape Volumes
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e Inthis exercise, step-by-step instructions will be given in order to complete the measuring
cube as shown on page 4.

e First of all, open the TinkerCAD website, log in to your account and select the button
“create a new design”.

e To begin with, in Workplane add a box shape (as shown in following the figures). Set the
values of the box (length — width — height) at 80. The values are measured in mm as shown
in the figure below.

nnnnnnn g cube n% - Soc measuring cube
o0 « © i wen | | B * © o
Tee a0 . B: @ , "y ao
/u/o N
o 4 &
il B
\ e B ¢
e Then the 125 ml shape will be created using an empty box and a wedge shape.
e Select the empty box and set the values at 75 x 75 x 30 as shown below.
measuring cube E% - 80‘4 measuring cube
Q m‘ - g||5 Impo Export Send To @ @ - @
. BLE s
. W
0 6 @
“—wa
e B ¢




I APY M A
7 N oeion Co-funded by the
3 D 2 ', CT YNOTPOPIOQN Eiiianay Programme { }
I KY of the European Union

Then move the box 50 mm from the ground.

e Next steps are to align (middle, centre and top) and group the two boxes using the align
button and group button respectively. The following figures show those buttons as well

as the result of that merge.

measuring cube

0o « @ N |h 0 « @@s’dln

w Shapes(2) w  Shapes(2),
[ 12 a P

measuring cube

Qo « @ e}
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e Then, add a wedge shape to the workplane. Set the values at 75 x 40 x 30.

s g cube u ?i} ™ 5 e jube
Om « © LI"‘L o ] [Ty Q0 « ©
« @ E-_:I V‘:l:j 5 ’ :‘m
VU e
. ® W
. b &

e Move it 50 mm above the workplane and place it inside the hole as shown below.

measuring cube

s @

measuring cube

0w - @

w Wedge

- / 50.00

e After grouping those two shapes, a text must be added to indicate the volume.

e To achieve that, choose the text option from the basic shapes.

e Type the right value at the box as shown below. At this case, the value of this first shape
is 125 ml. The height of the text must be 3mm.

o QOB
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e The completed shape is shown below.
e Moving on, the whole box must rotate 90 degrees by clicking at the top arrows, in order
to add the other volumes.

mtasuring cubs measuring cube

#H - @ - & | |0« @ B 54

e At this stage the above-mentioned procedure will be repeated to create the next
measuring shape.

e From the basic shapes section choose two roof shapes. The one roof shape must be solid
and the other one must be hole.

! QOB
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e Set the values of those two shapes as shown below.

o Solid roof shape: 55 x 75 x 43
o Hole roof shape: 55 x 27 x 15

13
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measuring cube measuring cube
oo « 0N @ o « © n
i ..m. a9 Y a9
measuring cube measuring cube
@ o - as O « (5] I
ae & '.W',;., a0
e Then the hole roof must be raised by 28 mm, so it will be able to fit at the top of the
solid roof.
Q0 « <] b N
"y ¢
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e After the alignment and the grouping of those two shapes, a trapezium shape will be
created as it is shown in the figure below.
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measuring cube measuring cube

QO « @ ) B |2 T « @ ro SR N

- Shape

& s @

- Shapes(2)

I

e This new trapezium shape must be rotated by 180 degrees and then it must be
converted as a hole.

measuring cube measuring cube

OO « © O@m « © [

w  Shape + Shape
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e Then it must be raised by 52 mm.

- | B
[ ] ? ® FR

e The same steps as previous have to be followed in order for the shapes to be aligned

and merged.

Qo « © B4 @0 « ©@

w Shape

[ ] 29

Multilanguage
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80.00

80 ml

e Finishing with the creation of that hole, the corresponding volume must be written next
to that shape, following the above-mentioned structure.

Imeasuring cube

= ©
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e The name of the project can be added to the cube, so for that purpose, the side in front
of the 125 ml hole can be used for that purpose.

Imeasuring cube D i Imeasuring cube D i
oo« @ 4 e - ® o

e The final shape for this exercise is the pyramid. First the pyramid must be chosen and the
right values (75 x 50 x 48) must be added to that shape.

y QOB
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e The pyramid must be changed from solid to hole, rotated (by 180 degrees) and raised
(by 34mm) before applied on the shape.

&  Pyramid = @

34,00

e The final shape of the measuring cube should look similar to the image below.

. oo
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Exercise 3: Students Must Use their Own Shapes to Create a Measuring Object

SHAPE EQUATION (volume)
Rectangle Length x height x width
Triangle 0.5 x base x height x length
Pyramid 1/3 x Length x height x width
Cylinder 1t x radius®x height

Task for students: Use the Cylinder shape (as shown in the figure below), to create your own
measuring shape. Calculate the volume of 2 shapes (150 ml & 75 ml). Then apply those shapes to

both sides of the cylinder using the above-mentioned methodology. Also, you can add your
initials in the middle of that object.

2
v

M |
F

Basic Shapes

)

ey
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® 1 » @ Z
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e Example with 2 shapes:
o Shapel: Half sphere hole
o Shape2: cone

(U
+
(]
%

Basic Shapef

1 @2

';m??/, FI E ﬂ_-:

Basic Shapes.

g o
@ ed &)
b —=

e &

*Note: Make sure the cylinder is bigger than the total volume of those two shapes, and at the
same time it has to be less than 300 cm?3 to be printed in less than 7 hours. The biggest your
cylinder is, the longer the printing time will be.
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Activity Worksheet 2.1.2 (Student Version)

Level 2 (Intermediate Level: Mastering the Basics and Beyond)
Chapter 2.1 Hands-on Training: Customizing and Printing Simple Designs
Activity Worksheet 2.1.2

In this Activity worksheet, we will learn how to design a 3D model of a measuring cube. More
specifically, we will:

= Find the volume of the objects for the measuring cube through mathematical formulas.
= Design the measuring cube using the calculated objects.
= Export the 3D model, slice it appropriately and print it.

After finishing with this design, students must use the following instructions to create their own
object, using the above-mentioned structure. They must use a cylinder and two shapes to create
their own measuring object.

20 cc) (DS
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Exercise 1: Calculate the Volume of Different Shapes

W

Calculations

In this lesson, we will use different shapes in order to create the volumes needed. To create the
measuring cube, we will need to find the volume of those shapes. The following table mentions
the shapes and their equivalent equations.

SHAPE EQUATION (volume)
Rectangle Length x height x width
Triangle 0.5 x base x height x length
Pyramid 1/3 x Length x height x width

The aim of this activity is to improve the mathematical skills of participating students though
math equations, using geometrical shapes through 3D design in TinkerCAD.

Using the above-mentioned shapes in TinkerCAD, we can calculate the volume of each shape
using the given equations. For this part of the module, four shapes will be calculated and added
to the cube, alongside with project’s name as we did in a previous part of the project (chapter
2.3.1).

At the end of the activity, an exercise will be given to the students to create their own measuring
object using any shape they desire.

. QOB
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*Through this project we will use some formulas. Have in mind that: 1 cm=10 mm and 1 cup =
250 cm3=250 ml
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Shape 1: Cube

Cube =8x8x8=512cm3 =512 ml

imeasuring cube

O « © 'y

Shape 2: Combining together a Rectangle with a Triangle

1/2 cup =125 cm3 =125 ml
Rectangle volume:7.5 X 7.5 x 3 = 170cm3 = 170ml
Triangle volume: 0.5 X 7.5 X 3 X 4 = 45¢m3 = 45ml
e We need to subtract the volume of the triangle with in the rectangle:

e Total volume= Rectangle — Triangle
o Total volume =170—-45 =125 ml

. oo
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Shape 3: Triangle 1 — Triangle 2

1/3 cup =80 cm3®*= 80 ml.
Triangle 1 volume: 0.5 X 7.5 X 4.3 X 5.5 = 90cm3 = 90ml
Triangle 2 volume: 0.5 X 1.5 X 5.5 X 2.7 = 10cm?® = 10ml
e We need to subtract the volume of the trianglel with in the triangle2:

e Total volume= Trianglel — Triangle2
o Total volume =90 - 10 = 80 ml

Shape 4: Pyramid

1/4 cup = 60 cm® = 60 ml

1
Pyramid volume = 3% 7.5%X 4.8 x5 = 60cm3 = 60ml

. QOB
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Exercise 2: Design a Measuring Cube Using Pre-Calculated Shape Volumes
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e In this exercise, step-by-step instructions will be given in order to complete the
measuring cube as shown on page 19.

e First of all, open the TinkerCAD website, log in to your account and select the button
“create a new design”.

e To begin with, in Workplane add a box shape (as shown in following the figures). Set the
values of the box (length — width — height) at 80. The values are measured in mm as
shown in the figure below.

nnnnnnn g cube nm - 80" measuring cube
oo « ® o wo | | @ W « © I
Y8 u# I L g ' TiEe b
& E?@
/uﬁ N
o 4 &
- ma
\ e B ¢
e Then the 125 ml shape will be created using an empty box and a wedge shape.
e Select the empty box and set the values at 75 x 75 x 30 as shown below.
measuring cube E% ™ 80‘4 measuring cube
Q0 « © Ab e Bpot  sendTo | [ [ - ©
e . BLO ls

msn

.h\‘
06‘?
~w A
e B ¢
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e Then move the box 50 mm from the ground.
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e Next steps are to align (middle, centre and top) and group the two boxes using the align
button and group button respectively. The following figures show those buttons as well

as the result of that merge.

*

measuring cube

Qo - @

w Shapes(2)
[ X2 F]

measuring cube

@ «

©

w Shapes(2)

[ B

g b

measuring cube

o«
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e Then, add a wedge shape to the workplane. Set the values at 75 x 40 x 30.
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e Move it 50 mm above the workplane and place it inside the hole as shown below.

measuring cube

- @

measuring cube

oo - ®

w Wedge

/ 50.00

e After grouping those two shapes, a text must be added to indicate the volume.

e To achieve that, choose the text option from the basic shapes.

e Type the right value at the box as shown below. At this case, the value of this first shape
is 125 ml. The height of the text must be 3mm.

y QOB
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ring cube
g £ measuring cube u ;‘} @ 8‘
= ] @ T« © AN meon | opon | se

A Text a9 E’ B:] |
@ 7 Basic Shapes

Test 125 ml

Multilanguage  ~
- o B N
el O o )
Segments O o . ‘ ‘

e

rapGrid

The completed shape is shown below.
e Moving on, the whole box must rotate 90 degrees by clicking at the top arrows, in order
to add the other volumes.

mtasuring cubs measuring cube

#H - @ B & | [P0~ @ B 54

v Shape i w Shipe
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e At this stage the above-mentioned procedure will be repeated to create the next
measuring shape.

e From the basic shapes section choose two roof shapes. The one roof shape must be
solid and the other one must be hole.

measuring cubs u -;.'\“ i
@ m - @ 'jlh Import Expa|

s e B R

Basbc Shapes

& §

#
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solid roof.

Imeasuring cube

oo«

-

N
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e Set the values of those two shapes as shown below.
o Solid roof shape: 55 x 75 x 43
o Hole roof shape: 55 x 27 x 15
Q0 « @ M |0 « ® a4
@® a9 T@e ae
eo - B los ~ @ s
ae b '.W',;., a0
e Then the hole roof must be raised by 28 mm, so it will be able to fit at the top of the




I APY M A

T KPATIKON Co-funded by the
YNOTPOPION * *
C Erasmus+ Programme [ -

I KY of the European Union

W

3D2

e After the alignment and the grouping of those two shapes, a trapezium shape will be
created as it is shown in the figure below.

measuring cube measuring cube

oo« @ OD0EMOE - @ © -

- Shalm.t'-’l so v :ann .
e This new trapezium shape must be rotated by 180 degrees and then it must be
converted as a hole.
measuring cube measuring cube
@ « © a - © [
w Shape + Shape
&
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e Then it must be raised by 52 mm.

e The same steps as previous have to be followed in order for the shapes to be aligned
and merged.

measuring cube

Qo « © B |80 « @

w Shape

[ ] 29

Multilanguage  ~

o o

e}

Lo 80,00

80 ml

e Finishing with the creation of that hole, the corresponding volume must be written next
to that shape, following the above-mentioned structure.

Imeasuring cube

= ©
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e The name of the project can be added to the cube, so for that purpose, the side in font
of 125 ml hole can be used for that purpose.

Imeasuring cube D i Imeasuring cube D i
oo« @ 4 e - ® o

e The final shape for this exercise is the pyramid. First the pyramid must be chosen and
the right values (75 x 50 x 48) must be added to that shape.

. QOB
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e The pyramid must be changed from solid to hole, rotated (by 180 degrees) and raised
(by 34mm) before applied on the shape.

& Pyramid =

34,00

e The final shape of the measuring cube should look similar to the image below.
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Exercise 3: Students Must Use Their Own Shapes to Create a Measuring Object

SHAPE EQUATION (volume)
Rectangle Length x height x width
Triangle 0.5 x base x height x length
Pyramid 1/3 x Length x height x width
Cylinder nx radius? x height

Task for students: Use the Cylinder shape (as shown in the figure below), to create your own
measuring shape. Calculate the volume of 2 shapes (150 ml & 75 ml). Then apply those shapes to
both sides of the cylinder using the above-mentioned methodology. Also, you can add your
initials in the middle of that object.

@u
b @
£
)
J
—

g o o 7

*Note: Make sure the cylinder is bigger than the total volume of those two shapes, and at the
same time it has to be less than 300 cm3to be printed in less than 7 hours. The biggest your
cylinder is, the longer the printing time will be.

y QOB



