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LESSON PLAN 2.3.3

TEACHING MODULE 2.3.3

Chapter 2.3

Hands-on Training: Customizing and Printing Simple Designs

Equipment (if
needed)

PC with Internet access, 3D printer

Optional: calipers for measuring the dimensions of parts

Duration

3 hours

Short Description

In this worksheet we will learn how to design a self-watering planter
from scratch.

Learning Outcomes

Design and customize 3D models using TinkerCAD from scratch,
Alignment of objects, Applying different slicing options

Imagination, Problem solving, Critical thinking, Adaptability,

Experimentation, Improvisation, Patience

Investigate ways of using the self-watering planter to grow plants

Activities

Activity 1

Exercise 2.3.3.1

Aim of the Activity

Design self-watering planter

Duration

45 min

Type of Activity

Worksheet

Teaching Objectives

Use instructions to design the self-water planter.

Resources

Worksheet 2.3.3 / Exercise 1, self-watering_planter.stl

Activity 2

Exercise 2.3.3.2

Aim of the Activity

Design a new base for the planter

Duration

45 min

2 N0




3D2%CT

I APY M A
KPATIKQON
YNOTPO®ION

IKY

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

Type of Activity

Worksheet

Teaching Objectives

Students must change the shape of the base of the planter.

Resources

Worksheet 2.3.3 / Exercise 2

Activity 3

Exercise 2.3.3.3

Aim of the Activity

Slice the resulting 3D model

Duration

20 min

Type of Activity

Worksheet

Teaching Objectives

Experiment with slicing settings and options in Cura.

Resources

Worksheet 2.3.3

Activity 4

Exercise 2.3.3.4

Aim of the Activity

Develop a functional self-watering planter

Duration

25 min

Type of Activity

Worksheet

Teaching Objectives

Research on how water and plants must be placed in the right way.
Also, suggest ways to improve the grow of the plant.

Resources

Worksheet 2.3.3 / Exercise 4

Further Reading

Resource 1 title

https://smartgardenguide.com/how-do-self-watering-pots-work/
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Activity Worksheet 2.3.3 (Teacher Version)

Level 2 (Intermediate Level: Mastering the Basics and Beyond)
Chapter 2.3 Hands-on Training: Customizing and Printing Simple Designs
Activity Worksheet 2.3.3

In this Activity worksheet we will learn how to design a 3D model of a self-watering planter.
More specifically, we will:

= Design the self-watering planter which is consisted of two separated objects.
= Export the 3D model, slice it appropriately and print it.
= Learn basic planting instructions to customize the planter

Students must design a self-watering planter using the following instructions. Then they have to
change the base of the pot as a follow-up exercise. Following this, through the CURA software,
they will experiment with different printing settings and finally add water, soil and plant the
”pOt”,

4 N0
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Exercise 1: Design a Self-Watering Planter

e In this exercise, step by step instructions will be given to complete the self-watering
planter as shown on the previous page.

e This task will not explain every step of the design because students must use the
knowledge that is gained from previous activities (2.3.1, 2.3.2).

e To begin with, in Workplane add a cylinder shape (as shown in the following figures). Set
the values of the cylinder (length — width — height) at 80. Also, increase the sides of the
cylinder to 64. That gives the cylinder a round shape.

|~ &dl
@ ﬂlu Import Export  SendTo @ dlh Import
& cylinder - 9 EE L @ & Cylinder s Q
© //A Basic Shapes © /4? Basic Shapes
O gove Y
Sides o “
Bevel o ]
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e Move the new shape beneath the first cylinder shape and centre align it using the align

tab.

©

)

A Shapes(2) m@

g 4h

4 Shapes(2)

@®

Solid
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Y

Hole

@ @

e Keep doing that (duplicate bottom cylinder) until it reaches the top. Once it is there, group

the whole shape
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e Now a new hole cylinder must be added. Change the length, width and height to 75.
e Then raise it 5mm from the workplane.

The reason for raising it by 5mm is to make sure that we will not have a hole beneath
the surface which will hold the water.

-
& Cylinder - @
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. @)
vvvvv Hole
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Bevel Q
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e Finally, to merge these shapes, alignment and grouping must be applied.
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e For the next object, multiple shapes are required. Firstly, we will need a cylinder with
dimensions of length, a width of 35 and height of 24.
e Raise the cylinder by 6mm.

6.00

e Moving forward, the workplane tool must be placed above the cylinder (to move the
working area).

m— —
@ K]IB Import Export Senc

&  Ccylinder
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e At the new workplane, place a cone

A Cone s 9 'u-] L g
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§som

; QOB



3D2

W

I APY M A
KPATIKQON
YNOTPO®ION

CT

IKY

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

Change sides to maximum, the top radius to 37mm, the bottom radius to 17.5mm and

height to 30mm and then centre align the two objects.

Basic Shapes

xr

s

-~ .

Place the new workplane above the cone shape and add another cylinder shape.
Change the sides to maximum, the length, width to 74mm and height to 20mm.

" © Import  Expot  SendTo © 28 Treer Gt Send
B} u_—j @ A Cytinder a9 EEI L E
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e Again, centre align the whole object.

e Move the workplane above the cylinder.

e Add acylinder with length, width 80mm and height 10mm. Maximize the number of sides.

11
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Move the top cylinders and duplicate them. Make the new shape as a hole and change its

*

*

4 shapes(3) " 9

[ )
length, width to 7Z1mm and height to 40mm.
a K
P o« © A -
& Cylinder - 9 D .
& @_2 Bas
Sotid Hole Sides (o] o
Bevel O
Segments O 1
[ ]
Q@+ (] D l§ 4 (3]
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e Then select the cone and follow the same procedure as above. First duplicate it, then
make the new object hole and change the base radius to1l6 mm

e Then centre align and group those shapes

- @ 1mpo)
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e Again, select the cone, duplicate it, make it a hole and change the dimensions to 32mm
(for width and length) and 21mm (for height).

om~

© A

©
A  cylinder s Q A cylinder - 9
® @ ® @
salid Hole Sal Hole
i o & o
sl O Bl O
segments O Segments. O

e Then centre align and group those shapes
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e The result after the alignment and grouping of the three parts:

© DD F 4

A& Shapes(3) - 9

® @

Impo)

e The final part is to make holes at the bottom of this object
e Use a hole cylinder shape, with length, width at 3mm and height at 75mm. (sides at 64)

e Duplicate the “stick” created previously three more times and place it around the “pot”
e Group all shapes together

oo« @

A cylinder
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e Then create another “stick” with the same dimensions (3 x 3 x 75) using a hole cylinder.
e Then rotate the “stick” by 90 degrees.

om « ® b b « @ 4y
& gylinder R - cylinder s 9
(i )
o @ ® @
{e] s L]
e o

e Place the “stick” below the first hole.
e Duplicate it and move it down. Then duplicate it again.

em « @ @ 0D S dh e
4 Sshapes(3) s @
® @

e Duplicate those three “sticks” and rotate them by 45 degrees.

oo« @ D
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e Keep duplicating the “stick” until you cover the whole area.
e Then group the whole object.
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4 Shapes(2) il ©
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e The design of the self-watering planter is finally ready.

- @ Impo,
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Exercise 2: Design a New Base for the Planter
For this exercise, students will need to change the base of the “pot” and create their own shape.

e For example, a dice shape can be used.

Note: Both shapes should have the same perimeter to be functional.

. N0
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e Add a dice shape and change the dimensions to:
o Length - Width: 90mm
o Height: 80mm
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Exercise 3: Slice the Resulting 3D Model

*Note: Before going through this exercise, think what is the best position for the model to be
printed.

e How to separate objects.
o In activity 2.2, the Cura slicing software was presented. We already know how to
import and slice the object using settings.
From Marketplace select Mesh Tools.
Install Mesh Tools and then restart the software.
Import self-watering_planter.stl file
Right click at the model, select Mesh Tools and then split the model into parts.

O O O O

ene UMS5_self-watering_planter - Ultimaker Cura

Ultimaker Cura PREVIEW MONITOR

" uitimaker ss L Ry SRk =% xtra Fast -0.... - Experimental (8 30% & off b on

+ X 0
o
a z 0
n Lock Model
bid
o% ? Reload mooel
- % Rename model...
Peilecte
Replace model...
o) Osloto Selacted salocenbiisine
b Multiply Selected Check mesh
Analyse mesh
Fix simple holes
O  Extruder 1: PLA - AA 0.4
Extruder 2: BLA - AA 0.4 etm——t
< Spiit model into parts
@ Seloct All Models

Randomise location

Arrange All Models
Apply transformations 10 mesh

Clear Build Plate
2 0ass, sepfwatertrg plarie Reset origin to center of mesh
Reload All Models

Reset All Model Positions

@000 Rasat All Madel Transformations.

e Then make sure that all objects are touching the bed. (Z value must be 0)

fece UMSS_self-watering_planter - Ultimaker Cura
Ultimaker Cura PREPARE PREVIEW MONITOR
O ™ Uttimaker s v Senerlc PLA Qeneric FLA © 2% ExtraFast-0...- Experimental B 30% ) OFf & oOn
imaker D Jand =% Extra Fast - 0.... - Experimental £ he) & on 1

Mesh Tools

Spllt resuit: -
- self-watering_planterstl was splitin 2 submeshes - Slice
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e Then the “soil pot” must be rotated by 180 degrees because it is easier for the 3D
printer to print first the side with bigger mass.

f[ece UMS5_self-watering_planter - Ultimaker Cura

Ultimaker Cura PREVIEW MONITOR

(] Ultimaker 55 v O 5;"::”” g:':',upu - 2% ExraFast-0... - Experimental & 30% @ off & on -

&
@
B .
bid =
B Snap Rotation
=
4 Vo a 2
W% - e
& -
” 3
7, %
® i X
#*  Obiject fist
/. /UMSS Selfwatering glanter /

1986 X 85.0 % B30 mm. 2
Slice

o@aBO

e Depending on the 3D printer, the settings can be changed.
e In this case, an extra fast printing is been applied.
e The printing time is approximately 6 hours.

f[ece UMS5_self-watering_planter - Uitimaker Cura
Ultimaker Cu PREPARE MONITOR
Viewtype Layerview ~  Color scheme  Line Type v | 3% ExtraFast-0...- Experimental B 30% ) off & on ~
|
i
27
+ X 640079
13827
@ z o
b Lock Model
bid
oz
w0
[+
~ Objea bt ® 6 hours 15 minutes @
£ /UMss self-watering._planter (® 116g-1483m
D@00 > °
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Exercise 4: Develop a Functional Self-Watering Planter

e For the designing part the following will be used:
o Plant

Soil

Pebble stone

Charcoal-carbon

o
o
o
o Water

Plant

Soil

Pebble s

WATER

e First pebble stones should be placed at the lower level of the plant pot to cover the lower
holes. (it is the place that will be covered with water)

e Optionally you can use charcoal-carbon

e Then soil and a plant should be placed above pebble stones

e After that, water should be placed to the bigger pot at the level that is shown above
The above-mentioned method, shows how the self-watering planter should be designed to be
functional and the plant to grow normally.
This method improves plant health just by adding water in the “reservoir pot”. The right
procedure is to add water to the soil from the top. Then, as the plants release water from their
leaves, more water is drawn up by capillary action from the plant roots to replace it.

The following figures show the procedure to complete the planting of an Aloe Vera plant in the
self-watering planter.

. N0
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e First, the pebble stones are placed at the bottom.

e Then, the charcoal is placed above pebble stones for filtering purposes.

e Next step is to add the soil with the plant at the top of the pot.
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e Then, water should be placed at the right level as it shown below.

= L

e Finally, we have a fully functional self-watering planter with an Aloe Vera plant.

*Note: If there is a water leak, use a plastic bag to add the water.

24
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Activity Worksheet 2.3.3 (Student Version)

Level 2 (Intermediate Level: Mastering the Basics and Beyond)
Chapter 2.3 Hands-on Training: Customizing and Printing Simple Designs
Activity Worksheet 2.3.3

In this Activity worksheet we will learn how to design a 3D model of a self-watering planter.
More specifically, we will:

= Design the self-watering planter which is consisted of two separated objects.
= Export the 3D model, slice it appropriately and print it.
= Learn basic planting instructions to customize the planter

Students must design a self-watering planter using the following instructions. Then they have to
change the base of the pot as a follow up exercise. Following this, through the CURA software
they will experiment with different printing settings and finally add water, soil and plant the
”pOt”.

2 N0
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Exercise 1: Design a Self-Watering Planter

e In this exercise, step by step instructions will be given to complete the self-watering
planter as shown on the previous page.

e This task will not explain every step of the design because students must use the
knowledge that is gained from previous activities (2.3.1, 2.3.2).

e To begin with, in Workplane add a cylinder shape (as shown in the following figures). Set
the values of the cylinder (length — width — height) at 80. Also, increase the sides of the
cylinder to 64. That gives the cylinder a round shape.

@ ;_]||; Import Export Send To @ Alh ,m;?_r
4 Cylinder a9 BH L [{EJ vy —
@ % —_— : © % Basic Shape:
oo e S
Beve 0 Sides o
—: S ®e 2 v
80.00 ‘ ‘ . )
<
2 P
a B o
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& Shapes(2) m@

® @

4 Shapes(2) m

@® @

Solid Hole

v

e Then duplicate the bottom cylinder and raise it by 2mm

@ I

<<<<<

sssss

e Keep doing that (duplicate bottom cylinder) until it reaches the top. Once is there, group

the whole shape

*
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e Now a new hole cylinder must be added. Change the length, width and height to 75.

e Then raise it 5mm from the workplane.
The reason for raising it by 5mm is to make sure that we will not have a hole beneath the

surface which will hold the water.

—
& cylinder a @ E b & cylinder a @
Basic Shapes . @I
é ;3 Solid Hole
o
il O
Seqments ©
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e Finally, to merge these shapes, alignment and grouping must be applied.
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e For the next object, multiple shapes are required. Firstly, we will need a cylinder with
dimensions of length, width of 35 and height of 24.
e Raise the cylinder by 6mm.

W

3D2

6.00

e Moving forward, the workplane tool must be placed above the cylinder (to move the
working area).

- =
@ K]IB Import Export Senc

&  Ccylinder

)
Ly
-
v

">

o]
> O

&

e At the new workplane, place a cone

e v @ L
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e Change sides to maximum, the top radius to 37mm, the bottom radius to 17.5mm and
height to 30mm and then centre align the two objects.

4  Cone - Q L
@ (;Z Basic Shapes

e

W

3D2

<
< 6
-~ .

e Place the new workplane above the cone shape and add another cylinder shape.
e Change the sides to maximum, the length, width to 74mm and height to 20mm.

& @ Import  Export  SendTo 2 O tmpot  Export  Send

B L O e 0 @ LG

@ ) (/A Basic Shapes

Basic Shapes B S0
~ o .
§ )
o ' B N & | )
5 " i S =t
N b e O a
A e . B @ W

LA ‘e 4 4
& ‘ & - w /L
~w b . o B
Sides 0 64
Bevel 0 0
Segments () 1 |
)
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e Again, centre align the whole object.

e Move the workplane above the cylinder.

e Add acylinder with length, width 80mm and height 10mm. Maximize the number of sides.
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e Then place the workplane to the ground
e Move the top cylinders and duplicate them. Make the new shape as a hole and change
its length, width to 71mm and height to 40mm.
D@ -
o
Sides QO (23
Bevel O
Segments O 1
)
e Then centre align and group those shapes to create the top shape
oo« @ 0D 0 E M - @
A  shapes(3) - 9
® 2 s

33
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e Then select the cone and follow the same procedure as above. First duplicate it, then
make the new object hole and change the base radius to 16 mm

O @ « © A

Impo)

® & -

e Then centre align and group those shapes

QoW «~ @ ) & 2n

il .
L

mp
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e Again, select the cone, duplicate it, make it a hole and change the dimensions to 32mm
(for width and length) and 21mm (for height).

e « @ b

e Then centre align and group those shapes

Qi « © ) [ A meo
- @ ¢

® @

Solid
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e The result after the alignment and grouping of the three parts:

G DB &M -

A Shapes(3) s @

® @

e The final part is to make holes at the bottom of this object
e Use a hole cylinder shape, with length, width at 3mm and height at 75mm. (sides at 64)

e Duplicate the “stick” created previously three more times and place it around the “pot”
e Group all shapes together

@0 « @ ﬂlL Impo

Solid

y N0
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e Then create another “stick” with the same dimensions (3 x 3 x 75) using a hole cylinder.
e Then rotate the “stick” by 90 degrees.

£6 « © a L AR © 4n
& gylinder R A cylinder &9
e o
o @ ® @
{e] s Sider 0
o o - o
sagment o = o

e Place the “stick” below the first hole.
e Duplicate it and move it down. Then duplicate it again.

em « @ @ 0D S dh e
4 Sshapes(3) s @
® @

e Duplicate those three “sticks” and rotate them by 45 degrees.

Qo «~ @ [} 2 4
A shapes(3) - 9 E:

8
|
4

)
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e Keep duplicating the “stick” until you cover the whole area.
e Then group the whole object.
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e The design of the self-watering planter is finally ready.
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Exercise 2: Design a New Base for the Planter
For this exercise, students will need to change the base of the “pot” and create their own shape.

e For example, a dice shape can be used.

Note: Both shapes should have the same perimeter to be functional.
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Exercise 3: Slice the Resulting 3D Model

*Note: Before go through this exercise, think what is the best position for the model to be
printed.

e How to separate objects.

From Marketplace select Mesh Tools.

Install Mesh Tools and then restart the software.

Import self-watering_planter.stl file

Right click at the model, select Mesh Tools and then split model into parts.

O O O O

ene UMS5_self-watering_planter - Ultimaker Cura

Ultimaker Cura PREVIEW MONITOR

oz > | Reload model

o = Renama model.
o Delete Selected sl
e Multiply Selected Check mesh
Analyse mesh
Fix simple holes
(0]  Extruder 1: PLA - AA 0.4

Extruder 2: PLA - AA 0.4

Select All Models
Arrange All Models

Clear Buid Plate

Reload All Models

Reset All Mode! Positions

Reset All Model Transtormations

Randomise location
Apply transformations: 1o mesh
Reset origin to center of mesh

e Then make sure that all objects are touching the bed. (Z value must be 0)

([ece UMS5_self-watering_planter - Ultimaker Cura
Ultimaker Cura PREPARE PREVIEW MONITOR
™ Ultimaker S5 v _E";';:;‘cpu ;’:’::‘pu v =% ExtraFast-0... - Experimental [ 30% § off & on - 1

& x(n 3
a7 }
9
= Lock Model
bid L
az ——
L -} ‘
[
®
®
~  Objegtlist

Mesh Tools
Z  uMsS selfwatering planter

1220 x 1540 X630 mm Sl Ji
self-watering_planter.stl was split in 2 submeshes < Slice

e@edBag ‘ )
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e Then the “soil pot” must be rotated by 180 degrees because it is easier for the 3D
printer to print first the side with the bigger mass.

f[ece UMS5_self-watering_planter - Uhtimaker Cura
Ultimaker Cura PREPARE PREVIEW MONITOR

O vitmakerss v | 5 enA - % ExtraFast-0... - Experimental () 30% () off & on -

+
@
o, ¥
O A B
bid =
g Snap Rotation e
o i =
L 1=} : \
// 5
S ’ X
”
- <
#*  Obiject fist
|/ 7 2 fomss Seitwatiring dlanter / / i ) 5

o@aBO

e Depending on the 3D printer, the settings can be changed.

e In that case, an extra fast printing is been applied.

e The CURA software adds the supports that this object will need during the printing (you
can see them in red colour).

e In this case, the printing time is 6 hours.

feoe UMS5_self-watering_planter - Ultimaker Cura
Ultimaker Cura PREPARE MONITOR
View type Layerview ~  Color scheme Line Type v | 5% paraFast-0...- Experimental B 30%  off & on -
|
i
277
ltimaker *
3 X | 640079 N
113827 ——"
@ zZo
= Lack Model
bid
(=3
L]
IIQI
 Objeat st G) 6 hours 15 minutes G)
# /UMS5 selfwatering_planter @ 1169+ 14.63m

O@IOO > ®
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Exercise 4: Develop a Functional Self-Watering Planter

e For the designing part the following will be used:
o Plant
o Soil
o Pebble stone
o Water

Plant

Soil

Pebble s

WATER

e First pebble stones should be placed at the lower level of the plant pot to cover the lower
holes. (it is the place that will be covered with water)

e Then soil and a plant should be placed above pebble stones.

e After that, water should be placed to the bigger pot at the level that is shown above.

The above-mentioned method, shows how the self-watering planter should be designed to be
functional and the plant to grow normally.

This method improves plant health just by adding water in the “reservoir pot”. The right
procedure is to add water to the soil from the top. Then, as the plants release water from their
leaves, more water is drawn up by capillary action from the plant roots to replace it.

The following figures show the procedure to complete the planting of an Aloe Vera plant in self-
watering planter.

o D08



I APY M A

KPATIKON Co-funded by the

YNOTPOPION * *
3D2CT IKY e

e First, pebble stones are placed at the bottom.

e Then, planting charcoal is placed above pebble stones for filtering purposes.

e Next step is to add the soil with the plant at the top of the pot.
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e Finally, a fully functional self-watering planter with Aloe Vera plant has been created.

ool
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