ULTIMAKER ACADEMY

Ventilation: Instructor Guide

Toolkit for Continuing Professional Development
for Teachers




Ventilation system
Instructor Guide

(T a ] Yo TS €= (=T o PRSP 2
The tools and the process are the MOSt IMPOTTANT........ciiiiiiiiii et e et e e neee e 2
L 1 €= U A8 oI =T o PSP P PP PPRPRN 2
Design considerations used this project are as fOllOWS: ........oiiiiiiiiii e 3
PIOJECT OVEIVIBW ...eiiieeiiiiie ettt ettt e oottt oo o4 oo a e b bttt e o4 o4 sk ke b et e e 244k E b bttt e e 24 4Rk bt b et 2 e e 4o am R b be e e e a2 e e s n bbb et e e e e e ansbbeeeaeeeaannnnbnen 3
LEAIMING OULCOMES ..iiiiiiiiiiiie e e e ettt oottt e oo ettt e e oo oo a e b bttt e o4 o4 s hbt b et e a2 4o am bbbttt e a2 e 4Rk Ee b et 2 e e 4o am R b be e e e e e e e n bbb e e e e e e e s nabbbeeaeeaannnnbnen 3
PO B UISTTES ..ottt h et e ettt e 44 h e h e h ekttt 3
ProjeCt DISCUSSION GUITIE ...ttt e e h bt e kbt e e sk e o4 h bt e ekt et e e et e ettt e et e e e et e e es 4
Essential Project ConCeptual QUESTIONS ......ciiiiiiiiiieiiii ettt et e ettt e et e ettt e s 4
ESsential Project DESIGN QUESTIONS .....uiiiiiiiiiiiit ettt ettt ettt e ettt e bt e e e s ket a4 s b et e ek bt e e ea b et a2 h b e e e ek bt e e e m b et e e bt e e e e eab e e e anbeeeeanneeas 4
LICE o =Tl S E=T o F U= 14 0] o B OO OUPRRUPPPR 4
DAY-t0-DAY PIANS ...ooiiiiiiiiiiiiiiiiiee ittt 4
Understand: WatCh the STUAENTS ..ot ettt ettt st 5
Explore: Develop @ KNOWIEUGE DASE ......cccuiiiiiiiei ettt ettt ettt 5
Define: Clarify REGUITEMENTS .....oiuiiiiiiii ittt e bbbt e ekt e bt e ek et e ea et e e bt e e e et e nb e e e aaaee s 5
[AEAEE: CrBALIVITY ...ttt h ekt b et e e a4 e kbt ook et e e a4 4k bt ook et e e ettt e et e e e ab e et 5
Pl OO Y P TS e 5
REFINE: AIMOST TREI@....e ittt h e h ekttt e ke et e ket e bt e e et et et et e st e et et e e e e nineanne 5
SOIULION: FINAI PrESENTALION ..ottt h ekttt e bt et ekt e bt e aab e e ke e et e e e ne et e e e 6
DIFEIENTIATION ...ttt h et h e e bt ookttt ekt E e bt e ee ettt ettt 6
NON-NGLIVE SPEAKETS ...ttt ettt ettt ettt ookttt e o2ttt e 4o h e et oo kbt e e 4a ket 448 b bt ook bt e e 1A b bt e 4R bt e e ek bt e oo m b b e e e e st et e e anbeeeanbeeeeanneeas 6
SPECIAI NEEUS STUTENTS ...ttt e e a ookttt oo a et e e ekt e oo h bt oottt e ea et e e ettt e nab et e e tneeeenane 6
STEAM CONNECTIONS ....tteteeee ettt ettt e e e e e ettt e e e e e e e e e e et e e e e e e e bbb e e e eeeas 7
S Tol L] o] TP OO OTPEO P TETO PP U R PPRPPRPOPIN 7
LICIe] a1 aTe] (e T )PP UUPRUPPPR 7
= e[ [T aT=T=T T o o [ PSP PUPPPUPPRTP 7
2 PPN 7
Yo o PSP P PSP PPPUPPRTPI 7
[ oo LU Tod = | PO P PP PPPUPPRPPP 7
ASSESSIMENT PIOCESSES ...oiiiiiiiiiiii i e e ettt ettt e e e e ettt e e oo e ettt e e e e oo et e ettt e e e e ea s b e ettt e e e e e e b e ettt e e e e s et e e e e e e e et e e e e e n e ee e e s 7
DESIGN CHLEria WOTKSNEEL ... ..okttt e ke e ekt e e st e ettt et e et e e 8
L ST SR P RSUPTR 8
LT = L PSSO 8
AT =T L= T T T PO T PO T PP OO P PP U PR PP P PPPPTTRPPP 8
WWHY2 ettt ettt ettt ettt et 8
L (STl 1= PP PRI 9
L0 E] el I ST PP PP 11
Pre- and Post-Test EValUAtioN RUDIIC ..........iiiiii e 14



VENTILATION SYSTEM

picture 5

Getting Started

The tools and the process are the most important.

The skills of the students in designing can be developed when they think about the function,
form and creation of a ventilation system. The students have to think about design steps, the
functional requirements and technology for manufacturing (3D printing). Every student
begins by answering some questions:

* What is the main function of the ventilation system?

» What are the design features that will support the basic function of the ventilation system?
* What is the ideal size, shape, and weight of the product?

* What materials are the best to make this system?

» What time period, geographic location, and people is your ventilation system designed for?

From start to end:

If you want to start this project, your first task is to develop some skills in using Solidworks®
software to create a bracket and a pulley. After completing the basic product, the students
are encouraged to create and design their own products and they have to apply their
knowledge of the software Solidworks® to generate multiple concepts. With this project the
students will increase their ability to work with the software, and they will develop the power
of the design thinking process. They will also learn how to work with 3D printers.



esign considerations used this project are as follows:

* Design goal: Is the ventilation system a practical design that could achieve its function?
* Design appearance: What does it look like? What is it made of? What are the
measurements?

* Target: Who will be using the product? What is important to them?

» Mass production: Can the system design scale up to mass production?

* How long does it take?

roject Overview

TPI Polytechnics from the Netherlands (see picture 5) asked some students to reinvent their
ventilation system, because the orginal product wasn'’t operating optimal. Question: how to
avoid opening air ventilation systems manually, on at a time?

Software: Solidworks, Cura

Time: 1— 5 hours

Difficulty: Beginner/ Intermediate
Subject(s): Mechanical Engineering

earning Outcomes

After this project, students will be able to:

e Demonstrate skills in using Solidworks to create products for Mechanical
Engineering.
Create their own 3D products
See how the product from Solidworks will look like in real life.
Demonstrate skills related to incorporating virtual and physical representations of
mechanical engineered products into a variety of presentation formats that can
include written essays, and oral and visual presentations.

rerequisites

If you are not familiar with the Solidworks software, we recommend that you view the online
tutorials, to increase your knowledge:

https://www.solidworks.com/sw/resources/solidworks-tutorials.htm



Project Discussion Guide

ssential Project Conceptual Questions

* Why is the study of a ventilation system considered to be a valuable project for teaching
Mechanical Engineering?

* What types of insights can the materials and methods of fabrication that were used to
originally create the product reveal about the reasons to design a new one? What went
wrong?

ssential Project Design Questions

» What type of material is used to the new ventilation system?

» What are the design features the system should have to serve?

* How was the system originally manufactured?

» What types of materials were used to make the ventilation system?
» What was wrong with the original product?

* How did you solve these problems?

eacher Preparation

Be prepared to help the students with questions in Solidworks.

Show and learn students how to work with new software techniques.

Show students where they can use the software Help feature.

Make a list of videos where the students can take a look at when they need reference
for their project.

Day-to-Day Plans

We divide the designing process in 7 phases.
Understand

Explore

Define

Ideate

Prototype

Refine

Solution



nderstand: Watch the students

To establish a solid foundation for the ventilation system project, students need to have a
clear understanding about the project and what is asked from them. The best point to start is
to review the project design brief. The second action is to distribute the student pre-test and
give students 10 to 20 minutes to answer the questions. Your next job is to facilitate a
student discussion built around the pre-test questions.

xplore: Develop a knowledge base

In this phase you want students to develop an understanding of the function of a ventilation
system. A good start is to form teams where students can discuss the project and the project
design questions listed above.

efine: Clarify Requirements

This is a very important stage where the students have to establish the criteria for the
project. You will need to understand specific parameters related to factors such as
Solidworks, dimensions, materials used and construction techniques.

deate: Creativity

In this phase the students must base their design on the criteria that they have made in the
previous stage. They have completed their research and they can justify why specific
choises are made. Students can justify their choises in a number of ways, sketches on
paper, study models (out of simple materials) or by using Solidworks. Students will be able
to communicate visually to others what they made en what they are going to refine in the
next phase.

rototype: Test

In this phase, students make a prototype of the product. They will print their ventilation
systems. Students learn the skill to make their designs reality. Your job is to encourage
students to assist each other in learning the software

efine: Almost There

Almost done with the project. The students will criticize their prototype, and refine them to a
better product. When the students are proceeding this phase, it is your job to remind them to
keep reffering to the criteria they have established at the beginning.



olution: Final Presentation

The last phase is also very important. In this stage you ask your students to give a
presentation about how it helped them expand the four C’s of their learning skills.

e Critical thinking

e Communication

e Collaboration

e Creativity
The presentation should be about the most important aspects of each of the previous
phases. Students should be aware from the beginning of the project that the results in
design phases 1-7 will culminate in a final presentation. Stress the importance of using tools
to visualize and present in the same way professionals do. When time is limited, it is also
possible to let students share their presentations electronically.

ifferentiation

Let students view some relevant videos in small groups.

Show the students websites that can help them in the Define and Explore stages.
Make small teams collaborate on the last four design phases. Some students will
focus on the sketches and others will focus on digital prototyping.

Let students evaluate others and themselves at the end of every phase.

Give the students some models of successful student presentations, so they can see
what is needed to complete the project.

on-Native Speakers

Provide English dictionaries or electronic translation devices.
Allow the student to create presentations in their primary language and have it
translated later.

e Pair ELL students (English Language Learners) with students that speak English
very well.

pecial Needs Students

Show the student prefabricated models.

Let aides help the students in sketch modeling and prototypes.

Make it less difficult by allowing more time or reducing the amount of requirements.
Make it possible for the students to work with larger font sizes, speech recognition
and alternative input devices.



STEAM Connections

cience

The chemical part of this project is the material. What went wrong with the original ventilation
system? The original product was made by heating the metal to many hundreds of degrees
until it was soft enough to pour into a mold. What happens at the atomic level when the
metal is heated and melted? And what happens when it cools and hardens again? What
happens with the atomic level of the plastic used in 3D printers?

echnology

What does the choice of material tell you about the company’s technology? What technology
is required to manufacture the new ventilation system? What production techniques did the
company use for the original ventilation system? What are the pros and cons of the both
production techniques?

ngineering
What properties do the materials that you use in this project that make them well-suited to
being used as a bracket and pulley in the ventilation system? In which other applications is
this material used? How would you manufacture this product if you did not have a 3D
printer?

rt

How can you make the ventilation system in such way that it fits in a designer room? Which
shapes, materials and colors do you use? What kind of art can you make with a 3D printer?

ath

What is the volume of the bracket and the pulley? And what is the surface area of both
objects?

roduce It

Activities where you have to produce something can take some time, but the benefits are
worth it. When you ask former students what they remember about their school period, the
answer often refers to something they made, wrote, or performed.

ssessment Processes

For each project students complete a self and peer evaluation. These are accompanied by
the evaluation that the teacher have made.

The STEAM questions, Extension Ideas, and the Build It activity offer students an
opportunity to take what they learn in the process and apply the knowledge to increase the
guality of their work and increase their scores.



Design Criteria Worksheet

In this challenge, students have to apply their technical skills to use Solidworks to create a
3D model of the ventilation system. It is very important that you develop an understanding of
all relevant design criteria. This chapter helps you with the developing by prompting a
response to questions in four categories: Who, What, Where and Why.

ho?

e Who will buy the ventilation system? Who will use it? Who will have to be in the same
room with it?
Who will design the system?
Who will mass-produce the ventilation system?
Who is involved with the discovery, extraction, and transport of materials used in the
product?

hat?

e \What design features are crucial to the functionality?
e What materials will it be made of?
e What ways of manufacturing do you use?

here?

e Where will the ventilation system be used?
e Will the product be used by more than one people?
e Where can the materials required to create the system be found?

hy?
e Why are you designing a new ventilation system? What are the functions that it has
to fulfill?

Why are the specific materials you choose well-suited to produce this product?
Why does the company need a new system?



Pre-Test

iscussion

Why is the ventilation system created?

What are the design features a ventilation system should have to serve not only its primary
functional purpose but other purposes as well?

What can the old system tell us about the environment of the product? Why was the old
material not well chosen?



Survey
Fill the survey visualized in table Ventilation system 1
To what extent do you agree/ disagree with the following sentences:

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

arwbdeE

| understand what a ventilation system, why it was
introduced, and how people use it.

I understand the most important functional as well as
other design features of the product.

| understand the importance of appropriate material
choice.

| have used Solidworks before and understand the
program.

| understand the seven phases of design thinking.

Table: Ventilation system 1

10



Post-Test

Now that you have completed this project, reconsider the responses you provided in the Pre-
Test for the following questions. When you are done, compare your results with your results
of the pre-test, and describe how this project helped you in your developing process.

Why was the ventilation system created?

Describe how your response to this question changed as a result of your experience with
this project.

What are the design features a ventilation system should have to serve not only its primary
functional purpose but other purposes as well?

Describe how your response to this question changed as a result of your experience with
this project.

What can the old system tell us about the environment of the product? Why was the old
material not well chosen?

11



Describe how your response to this question changed as a result of your experience with
this project.

Describe how your response to this guestion changed as a result of your experience with
this project.

12



Survey
Fill the survey visualized in table Ventilation system 2
To what extent do you agree/disagree with the following sentences:

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

arwbdeE

| understand what a ventilation system does, why it was
introduced, and how people use it.

I understand the most important functional as well as
other design features of the product.

| understand the importance of appropriate material
choice.

| have used Solidworks before and understand the
program.

| understand the seven phases of design thinking.

Table: Ventilation system 2

13



Pre- and Post-Test Evaluation Rubric

(See the tables Ventilation system 3 untill 11)

Pre-Test

Post-Test

Great care was
taken in reading
and answering
all questions.
Maximal
engagement in
group sessions.
A leadership
role assumed.

Great care was
taken in reading
and answering
all questions.
Maximal
engagement in
group sessions.
A leadership
role assumed..

Table: Ventilation system 3

Care was taken
in reading and
answering all

guestions.

Demonstrated a
willingness to

engage in group

discussions.

Care was taken
in reading and
answering all

guestions..

Demonstrated a
willingness to

engage in group

discussions.

A minimal
amount of care
was taken in
reading and
answering all
guestions.
Minimal
engagement in

group
discussions.

A minimal
amount of care
was taken in
reading and
answering all
questions..
Minimal
engagement in

group
discussions.

No care was
taken in reading
and answering
all questions.
No engagement
at all in group
discussion.

No care was
taken in reading
and answering
all questions.
No engagement
at all in group
discussions.

14



Prerequisite Skills Preparation Evaluation

How-to Videos

Excellent

4 points

The videos are
used with great
care to develop
the skills that

are necessary
for the project.

Good

3 points

The videos are
used with care
to develop the
skills that are
necessary for
the project.

Fair
2 points

The videos are
used with a
minimal amount
of care to
develop the
skills that are
necessary for

Poor
1 points

The videos are
used with no
care to develop
the skills that
are necessary
for the project.

the project.
Collaboration The student The student The student The student
and made made made minimal made no effort
Participation exceptional reasonable effort to work to work with
effort to work effort to work with other other students
with other with other students to to improve
students to students to improve competecies
improve improve competecies with the
competecies competecies with the prerequisite
with the with the prerequisite skills
prerequisite prerequisite skills
skills skills

Table: Ventilation system 4

15



Understand Phase Evaluation Rubric

Project Videos
and Brief

Excellent

4 points

The project
videos and
project brief are
explored with

Good

3 points

The project
videos and
project brief are
explored with

Fair
2 points

The project
videos and
project brief are
explored with

Poor
1 points

The project
videos and
project brief are
explored with no

Journal you can
clearly see that
the student
attempted to
improve the
understanding
of the project.

Journal you can
see that the
student
attempted to
improve the
understanding
of the project

Journal you can
just see that
the student
attempted to
improve the
understanding
of the project.

great care care minimum care
amount of care
Design Journal | Inthe Design In the Design In the Design In the Design

Journal you can
not see that the
student
attempted to
improve the
understanding
of the project.

Collaboration
and
Participation

The student
made
exceptional
effort to clarify
their
understanding
through
discussion with
others.

The student
made effort to
clarify their
understanding
through
discussion with
others.

The student
made a
minimum
amount of effort
to clarify their
understanding
through
discussion with
others.

The student
made no effort
to clarify their
understanding

through
discussion with
others.

Table: Ventilation system 5

16



Explore Phase Evaluation Rubric

Deeper The student
Inquiry
effort to expand

their

understanding of
the challenge, the

factors that are
part of the
project, or the

types and quality

of solutions.

Design In the Design
Journa | Journal you can
I clearly see that

the student made

excellent
evidence of
designing
exploration. All
the notes and
sketches show
an exceptional
grasp of the
project and the
aspects that will
have an impact

on their own work

Collab | The collaboration
is excellent. The

oration
students listens

very well and

supports the
other students.

Table: Ventilation system 6

made exceptional

The student made
effort to expand
their
understanding of
the challenge, the
factors that are
part of the project,
or the types and
quality of
solutions.

In the Design
Journal you can
clearly see that

the student made
evidence of
designing
exploration. All the
notes and
sketches show a
grasp of the
project and the
aspects that will
have an impact on
their own work

The collaboration
is good. The
students listens
well and supports

the other students.

He does not
create conflicts.

The student made
a minimal amount
of effort to expand
their
understanding of
the challenge, the
factors that are
part of the project,
or the types and
quality of
solutions.

In the Design
Journal you can
clearly see that

the student made
a minimum
amount of
evidence of
designing
exploration. All the
notes and
sketches show a
minimum amount
of grasp of the
project and the
aspects that will
have an impact on
their own work

The collaboration
is fair. The
students listens
sometimes and
supports the other
students, but
sometimes isn’'t a
good team
member

The student made
no effort to expand
their
understanding of
the challenge, the
factors that are
part of the project,
or the types and
quality of
solutions..

In the Design
Journal you can
clearly see that

the student made
no evidence of
designing
exploration. All the
notes and
sketches show no
grasp of the
project and the
aspects that will
have an impact on
their own work

This student never
listens and never
helps other
people. The
student is not a
good member for
the team.

17



Define Phase Evaluation Rubric

Design
Criteria
Worksheet

Design
Journal

Collaboration

Table: Ventilation system 7

The student
made exceptional
effort to use the
worksheet to
expand their
understanding of
the challenge, the
factors that are
part of the
project, or the
types and quality
of solutions.

From the design
journal becomes
very clear that the
student has
identified the
critical criteria for
their project

The collaboration
is excellent. The
students listens

very well and
supports the
other students.

The student
made effort to
use the
worksheet to
expand their
understanding
of the
challenge, the
factors that
are part of the
project, or the
types and
quality of
solutions.

From the
design journal
becomes
clear that the
student has
identified the
critical criteria
for their
project

The
collaboration
is good. The

students
listens well
and supports
the other
students. He
does not
create
conflicts.

The student
made a minimum
amount of effort
to use the
worksheet to
expand their
understanding of
the challenge, the
factors that are
part of the
project, or the
types and quality
of solutions.

From the design
journal becomes
just clear that the
student has
identified the
critical criteria for
their project

The collaboration
is fair. The
students listens
sometimes and
supports the
other students,
but sometimes
isn’t a good team
member

The student
made no effort to
use the
worksheet to
expand their
understanding of
the challenge,
the factors that
are part of the
project, or the
types and quality
of solutions.

From the design
journal becomes
not clear that the
student has
identified the
critical criteria for
their project

This student
never listens and
never helps
other people.
The student is
not a good
member for the
team.



Ideate Phase Evaluation Rubric

Excellent

4 points

Good

3 points

Fair
2 points

Poor
1 points

Ideation The student The student The student made a The student
made excellent | made effort to minimum amount | made no effort to
effort to create | create concepts effort to create create concepts

concepts and and solutions. concepts and and solutions.
solutions. solutions.

Design From the From the design From the design From the design

Journal design journal | journal becomes | journal becomes journal becomes
becomes very clear that the just clear that the | not clear that the

clear that the student has student has student has
student has | explored multiple | explored multiple | explored multiple
explored design solutions design solutions design solutions
multiple design
solutions.
Collaborati The The The collaboration is This student
on collaboration is | collaboration is fair. The students | never listens and
excellent. The good. The listens sometimes | never helps other
students students listens and supports the people. The
listens very well and other students, but student is not a
well and supports the sometimes isn'ta | good member for

supports the
other students.

other students.
He does not
create conflicts.

good team member

the team.

Table: Ventilation system 8
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Prototype Phase Evaluation Rubric

Fair
2 points

prototypes.

The student made a
minimum of effort to
visualize and test

Poor

1 points

The student made
not effort to
visualize and test
prototypes.

From the design

clear that the
student has
documented and
evaluated
prototype(s).

journal becomes just

From the design
journal becomes
not clear that the
student has
documented and
evaluated
prototype(s).

Excelle | Good
nt 3 points
4 points
Prototype | The student The student
Developme made made effort to
nt and excellent visualize and
Testing effort to test prototypes.
visualize
and test
prototypes.
Design From the From the design
Journal design journal becomes
journal clear that the
becomes student has
very clear | documented and
that the evaluated
student has prototype(s).
documented
and
evaluated
prototype(s).
Collaborati The The
on collaboratio | collaboration is
nis good. The
excellent. students listens
The well and
students supports the
listens very | other students.
well and He does not
supports the | create conflicts.
other
students.

The collaboration is

fair. The students
listens sometimes
and supports the

other students, but

sometimes isn’t a

good team member

This student never
listens and never
helps other people.
The student is not
a good member for
the team.

Table: Ventilation system 9
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Refine Phase Evaluation Rubric

Refine
Solutions

closely aligned to the

Excellent

4 points

The student made
excellent effort to
refine ideas. The
solutions are very

design criteria.

Good

3 points

The student made
effort to refine
ideas. The
solutions are
aligned to the
design criteria

Fair
2 points

The student made a
minimum amount of
effort to refine ideas.
The solutions are
somewhat aligned to
the design criteria

Poor

1 points

The student made no
effort to refine ideas.
The solutions are not
aligned to the design
criteria

Design
Journal

From the design
journal becomes very
clear that the student

has significantly
enhanced the design

through the use of
the software

From the design
journal becomes
clear that the
student has
significantly
enhanced the
design through the
use of the software.

From the design
journal becomes just
clear that the student

has significantly
enhanced the design
through the use of the

software.

From the design
journal becomes not
clear that the student

has significantly
enhanced the design
through the use of the

software

Collaborati
on

The collaboration is
excellent. The
students listens very
well and supports the

other students.

The collaboration is
good. The students
listens well and
supports the other
students. He does

not create conflicts.

The collaboration is
fair. The students
listens sometimes and
supports the other
students, but
sometimes isn't a
good team member

This student never
listens and never
helps other people.
The student is not a
good member for the
team.

Table

: Ventilation system 10
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Solution Phase Evaluation Rubric

Excellen

t

4 points

Good

3 points

Fair
2 points

Poor
1 points

Preparation The student The student The student made The student
of made made effort to a minimum made no effort to
Presentation | excellent effort | make a good amount of effort make a
to make a presentation. to make a presentation.
perfect presentation.
presentation.
Communicati | Maximal effort | Effort was made A minimum No effort was

on and Team
Dynamics

was made to
help the team
conduct the
final
presentation.

to help the team
conduct the final
presentation.

amount of effort
was made to help
the team conduct
the final
presentation..

made to help the
team conduct the
final presentation.

Presentation
Content

The student
made
exeptional
effort to create
and present a
solution that is
aligned to the
criteria for the
project.

The student
made effort to
create and
present a
solution that is
aligned to the
criteria for the
project.

The student made
a minimum
amount of effort
to create and
present a solution
that is aligned to
the criteria for the
project.

The student
made no effort to
create and
present a solution
that is aligned to
the criteria for the
project.

Table: Ventilation system 11
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TUTORIAL

When you open the .stl in Cura, your buildplate might look like this (see picture 6)
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picture 6

Click on the pulley and use the Rotate button to rotate it 90 degrees. (see picture 7) Click on
the bracket to rotate it 180 degrees. The rotation is necessary for the print. If you don’t rotate
the bracket, the print takes very long because you have to print a bigger support structure.

Rotate

picture 7

23




Lay flat

Always check whether the rotated object touches the build plate. If it doesn’t touch the build
plate, your print will fail, or unnecessary support material will be used to print this correctly.
To avoid this, click on the Lay Flat button on the left hand side of your screen. Your bracket

should look like this. (see picture 8)

picture 8
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Duplicate the pulley

For the bracket, we need 2 pulleys. Right Mouse Click on the pulley and select ‘Multiply

object’. If you want a total of 2 objects, you need 1 copy. (see picture 9)
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Print settings

A brim is not necessary to support the print. The pictures 10, 11 and 12 visualize the end
results.

picture 10

26



picture 11

picture 12
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