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[bookmark: _Toc117421770]Introduction
[bookmark: _Toc117421771]Annotation
The basis of the project is for the students to become familiar with new digital technology, such as working with a 3D printer. Furthermore, the possibility to work in graphic programs for 3D modelling of the object. Which should lead to the strengthening of digital literacy and will support their development of IT thinking. Pupils also work together in teams and collaborate on assigned goals. They become familiar with technology and new programs and their functionalities. They verify various work procedures, create sub-products and consult the creation with the manager. They solve the problems that arise on the way to the goal, propose different solutions, carry out a procedure and evaluate the success of the progress to the goal.
[bookmark: _Toc117421772]Objectives
Create a 3D model of the school in the most plausible form possible, in the chosen graphics program.
Print this model in a 3D printer.
[bookmark: _Toc117421773]Technique used
3D printer - type Reality CR-10 V2 (filaments and tools for editing 3D printing).
Graphics programs used: Cura Ultimaker, Sketchup
[bookmark: _Toc117421774]Organisation
The project was implemented in the subject Informatics and the World of Work. for selected pupils from the eighth and ninth grades. The students were divided into two groups. The first group worked in a graphics program and created the first shapes of the target object. The second group got to know the 3D printer and printed the first shapes of the building.









[bookmark: _Toc117421775]Methodology, procedures
[bookmark: _Toc117421776]Modelling in Sketchup
Our project begins with an introduction to the architectural software Sketchup, which we have chosen as a freely available program in which pupils can work even at home in the time of covid. The advantage of this program is that, apart from the fact that it is free to download, it is easy to use. Even us, the lecturers, who had no experience with this software before, had to learn how to use it. It was very time-consuming to create a model that is printable for the printer. It was necessary to become familiar with the thicknesses of the walls, their adhesion to each other, and it was necessary to constantly check whether the individual parts were only apparently glued together. A common mistake verified by endless hours of test prints was a mistake in the perception of dimension. An unpleasant feature of the Cura Ultimaker and Sketchup programs is their inability to preview from all angles. This fact caused many model fitting errors.
During distance learning, students were given the task of getting to know Sketchup at home. When we had the chance, we discussed our experiences face-to-face at one computer. We created the final project after many hours of joint modelling under the guidance of lecturers. Sketchup's basic tool is extrude/extrude, which is illustrated in the image below.

[image: Lesson 16: The Push / Pull tool (1) - Swotster]


Use the rectangle tool to draw a floor plan on the surface, between the x and y axes. It is then pulled to the z axis using the "push/pull" tool. We constructed the roof using the "pen" tool, which draws lines along the vertical axis into the space. When the segments are connected in a certain shape, these lines are closed and it is possible to further pull the slopes of the roof into the space with the help of the "push/pull" function. Using the copy and paste function, we copied the windows according to the actual ratios and proportions and pushed them into the depth of the wall. In the same way, window frames (window profile) are also created by the extrude function. From a chronological point of view, we proceeded as follows:
The basis of the work is the floor plan of the building in the shape of the letter C and drawing it into the space (pen and rectangle tool)
The slope of the terrain was not taken into account in this project.
[bookmark: _Toc117421777]Roof construction on the resulting floor plan

We construct the roof using the pen tool towards the air along the blue axis and create a triangle. Using the push/pull tool, we stretch it along the entire length of the right wing of the school (as seen from the playground) and stop at the point where the entire school ends. From the left side of the facade, we will again draw a triangle shape and using the push/pull tool, we will stretch the roof over the entire front block, intersecting/overlapping the part of the roof that we constructed first, blending it into itself.
Then we outline with the pen tool the individual edges of the contact, where the two roofs sink into each other. This will give us a new custom shape. Then we still have to look inside the roof with the camera and use the eraser tool to delete the protruding part of the first roof inside. We constructed the last left wing from back to front, while at the front it again blended with the front seat of the roof. Adjusted the back bevel using the bevel tool. In cases where the bevel tool cannot be used, or it is too difficult, it is possible to bevel objects by cutting through another bevelled object.
Using the pen tool, we drew the dormer in the air along the blue axis and stretched it through the roof and from the inside, around traced with a pen and deleted again from the inside.






[bookmark: _Toc117421778]Facade profile solutions – cornices, irregularities, attics, manholes (push/pull)

We solved the ratio between floor windows and cornices by estimation and by sketching all cornice windows on top of each other in one column from one side and comparing according to the photo. The windows are of course profiled, so we achieved the desired shape with the help of punching, including the window frames. After marking the line segments of the entire window, right-click and select the group function. This is so that the lines stick together when you move them. And with the help of copy/paste and according to the photo, we will place them at the correct intervals throughout the floor.
The cornice is modelled into the space using the pen tool and is stretched along the entire length of the facade. In places where it turns to a right angle, two different ledges sink into each other in the same way as roofs.

Time consumption: for a complete beginner, as in our case, the time consumption was immeasurable, because it involved learning the program by trial and error and according to tutorials. In a professional case without making mistakes, the model could be finished in 8 hours
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[bookmark: _heading=h.2s8eyo1][bookmark: _Toc117421779]Printing a school model in a 3D printer/school prototype
The student came up with the idea that we could print the created model in 3D printing first in a small version. Gradually print all floors separately and also the roof. We wanted to test whether the printing would be successful or if there would be complications. Under the supervision of the teachers, the students created the individual floors of the model and set the parameters for printing in the Ulitamaker Cura program.

[bookmark: _Toc117421780]Method
In the sketchup program, we used the "blade" tool to divide the model into individual floors and the roof.
Then we opened the file in Ultimaker Cura and set the parameters for 3D printing.
In the print settings, we decided to print the model with perimeter walls without internal filling, so we set the filling density to 0 %.
To leave all the architectural elements of the model, we chose to generate support in the settings.
We also chose the size of the individual floors. Since I wanted to test the first print of the model, the 65 % size was enough for us.
Then we matched the object and set the individual layers of the object for printing.
We saved the file to the SD card adapter named “1. floor" with the suffix code. The file converted in this way can already be used for 3D printing needs.
We inserted the SD card into the 3D printer and selected the Print from TF item in the menu.
We selected the appropriate file from the SD card and set other parameters to achieve the best possible results when printing. We set the print speed to 110 °C and the nozzle temperature to 205 °C, the substrate temperature to 60 °C.
After printing each floor, we removed the support using pliers and a spatula. We glued the individual floors together with the roof and created a school prototype.
Time required: 4-5 hours
Note:
We do not need to set the parameter for printing for each floor separately. In the print settings, you can create a profile with the required parameters in advance. That way, we don't have to mechanically repeat individual parameter settings.
[bookmark: _Toc117421781]Photo:
[image: ]
Example of the fourth floor in the picture.
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· Filler panel (density of filler)

[image: ]
Sample – setting the floor size in Cura Ultimaker
[bookmark: _heading=h.1ksv4uv][image: ]
Setting up the 3D printer before printing the scale model

[image: ]
Glued model of the school prototype



[bookmark: _Toc117421782]Target model of the school

The printed prototype of the school showed us that the model of the school, created in the sketchup program, was successful. The students agreed that they want to print the model of the school for the final competition in the largest possible size.
We enlarged the object more than twice in the sketchup program.
We also knew that the model had to be in our chosen size, divided into at least 3 parts, in order for the building print to fit on the mat.
After the experience of the previous attempts at printing the building, it was clear that we would have to choose at least some internal filling of the building that would help us to print the model in a larger size and not have printing problems.
[bookmark: _Toc117421783]Method
In the sketchup program, we stacked the individual floors with the roof into a complete building. The size of the 3D printer pad was too small to print the entire object, so we divided the object into 3 parts.
The procedure is as follows:
We will create an object that has no depth, it is only a drawn square that is not stretched. Draw a square around the cut part of the building. Then we mark the building and the square and choose the subtract function. Then we move the two parts apart and clean the remaining line segments with the eraser tool so that the block is uniform without unfinished lines.
We saved each part as one file for printing.
We then opened each part of the building in Ultimaker Cura and set the print parameters.
We printed the building without generating support and this time we set the fill density to 20%. Then we enlarged the object to 150 % in all three axes x, y, z, i.e. more than twice.
We then saved the file on an SD card and inserted it into the 3D printer. 
We selected the Print from the TF item in the menu. Then we printed all 3 parts in turn.
We selected the appropriate file from the SD card and set up next parameters to achieve the best possible results when printing. We set the print speed to 110 °C and the nozzle temperature to 205 °C, the substrate temperature to 60 °C.
In the next step, we used a spatula to peel off all 3 parts from the mat.
We connected all three parts with glue and started painting the school roof red.
Time required: 3 hours of work in sketchup, 12 hours of printing one part, a total of 36 hours of printing all 3 parts.
[bookmark: _Toc117421784]Photo
[image: ]
Division of the building in the sketchup program[image: ]



Result 
[image: ]
Configuring and merging one part in Ultimaker Cura

[image: ]



Print the middle part of the building
[image: ]
In the next step, we already connected all three parts with glue and started colouring the school.



[image: ]
[bookmark: _Toc117421785]3D printer problems
When printing on a 3D printer, we gradually encountered problems that we had to solve during the printing process.
For example, with frequent printing, the pad became out of balance over time and the print was spoiled from the start. Calibrating the pad consisted in tightening or loosening the outer wheels so that the pad reached an equilibrium position.
After recalibrating it, we also had to set the correct height of the header above the pad in the 3D printer in order to print the first layer correctly. Using the "Babystep Z" function directly in the printer menu, we tried to adjust the size of the header, and then printed the first layer every time until we got the print right.
Another problem was surface adhesion (adhesion), which worsened over time and the first extruded layer of filament did not adhere well to the substrate. We solved this issue by cleaning the pad with a cloth and alcohol spray. Then we applied a layer of adhesive glue and the problem was solved.
[bookmark: _Toc117421786]Photo
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[bookmark: _Toc117421787]Conclusion and contribution of the project

· Creation of the most plausible digital object of the school model in the graphic program sketchup.
· A printed model of the school on a 3D printer used for the presentation of the school.
· Acquiring and increasing the digital competences of students and teachers with new equipment and with new technologies that were not available at our school until now.
· Solving problems through digital technologies – students and teachers get to know modern technology, solve problems on the way to the goal, propose different solutions, carry out a procedure and evaluate the success of the progress towards the goal.
· The possibility to continue working in the graphics program sketchup and with a 3D printer on other projects in the subjects of Computer Science and the World of Work.


[image: ]
image2.jpg
I \

i
" m’\‘\ “





image3.jpg
v Botein i vomstvie
v : X =F J 8
{ Plihlésit se l Kenfve . o

nadr - Upravt Zrutit e
t Kopirovat  Odstranit Peymenovat  No

Historie [ invertovot vibdr
Uspothdat Vybrt





image4.png
libor tisk_4NNP - Ultimaker Cura

ravic_Pohled Nasta)

reference Pomoc

iky P

veni

Soubor Upr

©
=
()
e
[}
<
[}
S
=
=)

.50

Barevnéschéma  Barva materidlu

<

Typ pohledu  Pohled vrstev

|

A Seznam objektt

r'd

Tibor tisk 4NNP.

00x00x00mm

ﬁif&tri





image5.png
= TiskBudova - Stan... Quality -0.23mm £ 0% Kl Vyp

Nastaveni tisku 3

profil TiskBudova * v

B wpli v
Hustota vipiné 2B} -
Vadilenostwping e
‘Spojovat Ery vypiné l
XOffset vjpiné o o
Yoffsetvjpin o o
Néhodiné spusténi viping
Miniméini plocha viping o i
Sifka odstranéni povrchu 08 o
Horni 5fka odstranén povrchu 08 o
08 o

< Doporuteno




image6.png
=B E

i

Typ pohledu

x| 123048
v easa

2104

Iy

Ultimaker Cura

Pohled vrstev. < | Barevnéschéma Barvamateridlu
| les %
| les %
| les %

Siitovintpo miiice

| Konstant Skélovani

’

= TiskBudova - Stan... Quality -023mm £} 0% &l .

V' Seznam objektd

np.obj

& ccriosTrfliHa TeST

123.4x635x 10}

L (i

(@© 3hod34min

Il 315 102im

>

a5





image7.jpg
PR LW =1 PN

CREALITY (_\ A





image8.jpg




image9.png
File Edit View Camera Draw Tools Window Extensions Help

QAR OM QT e
&

@O\’_"-- OO OC® %

AAWM%K%%&@&‘@‘@“&IQ‘Q’& 2R
v allsocon | enls s

S8 S DDRBERS PUOY DR YDA a3 w1 2

7 .“ ‘i.@ IR

o

L4

® ® @ | Intersectwith Model

Entity Info
Erase
Hide
Lock

Explode

Select

Area

Make Component...
Make Group

Reverse Faces

Flip Along
Soften/Smooth Edges
Zoom Selection
MeshWrapper Tools

Volume
V-Ray

Default Tray. (Y-
[~ Hidden [ Cast Shadows A
I~ Locked [V Receive Shadows
v Materials B

Color MOL

Select [ ed | /

& 2 @ [colors -

With Selection . .

Measurements




image10.png
SRR Qe h e 98 @ D DRBR S @9@9 @@@@@9EL A%l e
CIAAR NIAX YK BER|O B BBBBD &8 /s 409 RE B eie S RE o © ¢ o

oo

(@R eAn - OO0 x O «:)@\-wlAz&,/@n&O»%@

@® @ | Select objects. Shift to extend select. Drag mouse to select multiple.




image11.png
Ultimaker Cura

Typ pohledu  Pohled vrstev < | Barevnéschéma Barvamateridlu

x| 1603199 mm | 150
e mm | 150 %
EARIEE mm | 150

. Siitovintpo miiice
i

| Konstant Skélovani

¥ Seznam objektd

Vertikal_2.0bj(1)

& Coriovertical 3

1603 %888 % 1135 mm

s T00

TiskBudova - Stan... Quality -023mm  £3] Lz

Nastaveni tisku

profil TiskBudova

Zicny povren v Z mezerdcn
Potet pourchovjcn zdi navic [

Povolit zehleni

Procentusin eyt povrchs 100
Prekryipovrcha oot

B vipli

Hustota viping »
Vadstenost vipiné 0

Vipifowj vaor Keyenle

Spojovat &ry vipin
Smér wping 8]
XOffset wping o

< Doporuteno

(@ 2dny 12hod 37 min

I s71g-191.33m





image12.jpg




image13.jpg




image14.jpg
L
111“'111111111
o 1111!1 A

0 o

b





image15.jpg




image16.jpg




image17.jpg




image1.jpg
[BE=s)

X 9N g0

7 Ut vty B 5
Ble £t Yoo Comen Do Took Mndon by
SEAENEOEA ¢
A O
X4

,
®C|
v®

S £

@ United -5 & D

Fie_gar vl > (©
2

ﬁ’l‘

% &

&2

1

X

y

B==)

&‘*m- COX 4dOE > |
W& EY I IN &

Q7
% #

Pick face to push or pull. Ctrl = toggle create new starting face.

[Distance 235 5cm





image18.png
Ra kousko Ceska repu bllka

pskv fond o




image19.png




