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LESSON PLAN 3.3

TEACHINGMODULES.3

Chapter3.3 | Working with other materials

Equipment| Projector,PC with Internet acces8D printer

(if needed) Optionat calipers for measuring the dimensions of parts

Duration | 2 hours

ShortDescription | In this worksheet we will learabout other types of printing materials
We will also design and 3D priah ear saverand acustomdoor stop
with flexible filament (TPU).

Learning Outcomeg How to design and measure with precision

Using different types of materialdepending on their properties ar
understand the required changes to the slicer and 3D printer sett
in order to print such materials.

Imagination, Problem solving, Critical thinking, Adaptabi
Experimentation, Improvisation, Patience

Activities

Activity 1 | Presentation3.3.1

Aim of theActivity | Learn about other types of 3D printing materials

Duration | 20 min

Type of Activity| Presentation

Teaching Objective§ Pros and cons of different materials, their properties and tf
characteristics

Resourceqg Worksheet3.3/ Presentationl

Activity 2 | Exercise3.3.2

Aim of the Activity | Design and 3print a custom door stop using TPU
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Duration

30 min

Type of Activity

Worksheet

Teaching Objectivey

Accurately design the 3D model and slice it using the approp
settings for flexible material

Resources

Worksheet 3.3 Exercisel

Activity 3

Exercise8.33

Aim of the Activity

Design and 3D print an ear saver for masks using TPU

Duration

40 min

Type of Activity

Worksheet

Teaching Objectives

Accurately design the 3D model and slice it using the approp
settings for flexible material

Resources

Worksheet3.3/ Exercise2

Further Reading

Guide to 3D Printing
Materials

https://[formlabs.com/eu/blog/3dprinting-materials/

Ultimate 3D Printing
Materials Guide

https://www.simplify3d.com/support/materialsguide/

3D Printing
Materials- The
Ultimate Guide

https://all3dp.com/1/3d-printing-materialsquide-3d-printer-material/

3D Printer Materials
Guide

https://www.3dbeginners.com/3ebrinter-materialsquide/
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Activity Worksheet 3.3 (Teacher Version)

Level3 (Advanced Level: Specialized Competences
Chapter3.3 Working with Other Materials
Activity Worksheet3.3

In this worksheet we will learabout other types of printing materiglsiesign two different
models (arear saverfor masks and door stop) and 3D print them using flexible material (TPU).
More specifically, we will

9 discuss about several materials, their properties and their characteristics
9 design two practical 3D models
T t221aWFORFf  O2AaxMEEEND 6 ANBRFANINDR SR Bf SEA 0 S
YEGSNRFEA o0¢t! 0
Afterwards we will export the 3D mods)| slicethem appropriately (changingemperatures,

printing speecetc.) and final\8D print them Thefinal printedresultswill look like thefollowing
images.




I APY M A

KPATIKON Co-funded by the Y

b
3 D 2 f, CT iﬂﬁv Erasmus+ Programme [

of the European Union LR

Presentationl: Types of 30Printing Materials FHlaments)

Oneveryimportant aspectof 3D printing is to use the right kind of material for the pithand.
We will discuss some of the most common materials that are used fpriBfing, their usesand
their properties Keep in mind that new and improved materials constantly apfieagine that
a few years agm 2017 the only available filaments were ABS and PLA) and ¢xestseveral
20 KSNJ Y2NB d LINR.TiSavill heb you fo tnake betiieBidtived tedisions when
buying your filaments.

Every type ofilament/material has itgpros and cons. Before you print anything, there are a few
basic questions you should ask yoursedincerning mainly the following

1 Strengh: How strong does your printe8D modelhave to be?

91 Durability: How long can the 3D model last under certain st@ssnvironmental
conditions?

1 Flexibility: How flexible does yol8D modelneed to be?

1 Special conditionsAny other conditions thatayapply to your 3D modeir to your
existing 3D printer equipment

1 Price Sometimes the filament cost is a crucial factor since some typdamkhts can
be very expensive.

Undoubtedly PLA is the most popular type of 3D printer filament, and for good redsis easy

to print with, has a lower printing temperaturandA G Qa | @ Af 6t S Ay ySI NI
styles.However, ompared to other types of 3D printer filament, PLA is brittle, so avoid using it

when making items that might be bent, twistedr, repeatedly droppedor need to withstand

highil SYLISNY GdzNBaz a t[! dSyRa (2 RSTF2NY | NRdzyR

We will introducethe most commonly usednd most populaBD printer filament varieties in
desktop 3D printingapart from PLAThe followingtables provide a brief summgarof their
uses/applicationstheir characteristicsand any special considerations you need to know before
printing with them.

; N0
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Types of Brief description and applications

filaments

Acrylonitrile Best used for making durable parts, has high impact resistance, and can
Butadiene withstand high temperatures (~1000C). It is used for pipes, fittings, toys, veh
(S'i)l’gfg)ne parts, moving parts, household goods. It is not food safe.

Polycarbonate PC has highsngth and is intended for tough environments and engineering
(PC) applications. It has extremely high heat deflection, and impact resistance. It i
also extremely hygroscopic. It is not food safe.

Polyethylene Industrial strengtHilament. PETG is food safe and used a lot for protecting fo
Terephthalate and beverages. It is impact resistant, strong and flexible and can be used in
(PETG) mechanical parts. Furthermore, it is used by the medical industry because it

sterilization properties make it thperfect choice.

Acrylonitrile ASA has similar properties to ABS but is more UV resistant, has higher
Styrene GSYLISNI §dzNB NBaraidlyOS FyR Aa OKSY
Acrylate applications instead of ABS e.g. automoterior parts, outdoor electronics
(ASA) housings and exterior signage.

Thermoplastic Flexible material with great elasticity allowing it to easily stretch and bend. Tl

Polyurethane perfect choice for phone cases, vibration dampening, stoppers, lwalps,.

(TPU)

Nylon Known for its toughness, durability (more durable than ABS) and flexibility. N
[or Polyamide Ad OSNE Ke@aANRaO2LMAO YR OFY | 06a2NDb
(PA)] various consumer products, tools, mechanical componaengsghine parts (like

hinges, buckles, or gears), functional prototypes, structural parts, containers

CarbonFiber Carbon fiber filaments use tiny fibers that are infused into a base material to
(reinforced improve its properties. They are egmely strong and stiff. 3D printed parts will
filament) be much lighter and more dimensionally accurate. It is commonly used for F

Vehicles, functional prototypes, lightweight props.etc

High Dissolvable support material that is commonly used with ABS. HiRS is
Impact frequently used on prototypes because it has excellent dimensional stability.
Polystyrene also really easy to print, paint and glue. This material is commonly used in tk

(HIPS) (soluble)  faprication of hane appliances, toys, and product packaging.

PolyVinylAlcohol = Known for its ability to be dissolved in water and is often used as a support
(PVA) (soluble)  material for complex prints. Also used for quick prototypes.

; N0
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Acrylonitrile
Butadiene
Styrene
(ABS)

Polycarbonate
(PC)

Polyethylene
Terephthalate
(PETG)

Acrylonitrile
Styrene
Acrylate
(ASA)

Thermoplastic
Polyurethane
(TPU)

Nylon
[or Polyamide
(PA)]

CarbonFiber
(reinforced
filament)

High

Impact
Polystyrene
(HIPS) (soluble)

PolyVinyl
Alcohol
(PVA) (soluble)

VERYLOW *

LOW

Material characteristics

Durabilty ~ Strength
*okkok  dokkok
Yokkok ok Kdokk
1.0.0.0. Gb 0 0.0 ¢
1,.0.0.0.0. 00 0,00 ¢
*dokk  kkokk
1.0.2.0.8.00.0.0 ¢ ¢
1.0.0.0 G 0.0 ¢ ¢
*hkdok Kk

Material
Flexibilty ~  cost

Fok *ok
Fok *ok
*k *k
*hkk ok
Yk dokok Kok ok
*kk  dokdok
* Fokkk
* Fokkk

Yokdok  okokkk dokodok dokokok

*k
MEDIUM ***
HIGH ****
VERY HIGH *****
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Heat Water
resistance  resistance
*hkdok  kkk
1,0.0.0.0.8).0.0.¢ ¢
*hkk  Jokodok
1,.0.0.0.0.6).0.8.¢ ¢
Yokk  dokk
*dokk  kkok
1.0.2.0.0.8b.0.0.¢.¢
1. 2.0.0. G ¢ ¢
*k *
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Acrylonitrile
Butadiene
Styrene
(ABS)

Polycarbonate
(PC)

Polyethylene
Terephthalate
(PETG)

Acrylonitrile
Styrene
Acrylate
(ASA)

Thermoplastic
Polyurethane
(TPU)

Nylon
[or Polyamide
(PA)]

Nozzle
Temperature

220-260c /

260-310c /

210-250c /

220-24% /

220-250c /

225-265c /

I APY M A
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Special considerations and 3D printing settings

Heated bed

80-110c /

80-120c /

70-90c /

90-m MmN C |

30-cnc/
(not
required)

70-90c /

Enclosure
(recommended)

S

Moisture Cooling
absorbent (fans)
(hygroscopic)

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

Other

Warps easily.
Produces
hazardous/toxic
fumes when printing.
Good ventilation is
essential.

Requiresa high
temperature hotend.
Prone to warping.
Absorbs moisture
from the airwhich
can cause print
defects.

It barely warps, and
produces no odors or
fumes when printed.
Can cause stringing.

Warps easily.
Produces
hazardous/toxic
fumes when printing.
Good ventilation is
essential. It can easil
delaminate (crack at
the layers) if the print
cooling is too strong.

Using a Direct Drive
extruder is
recommended. Use
slow printing speeds
(20-30mm/sec). The
less infill you use, the
more flexible your
print will be. Can
cause stringing.

May require high
temperature hotend.
Use slow printing
speeds. Highly
hygroscopic, storage

[onoel

*

*




I APY M A
KPATIKQON

W

3D2%CT 144

CarbonFiber
(reinforced 200230 / 45c nc/ x * /
filament) (not

required)

High
|m%act 230- 245 / 100- 115 / J ok dk ok x

Polystyrene
(HIPS)
(soluble)

PolyVinyl
Alcohol 180200c / 45c n ¢/ x 00 0® ¢ J

(PVA)
(soluble)

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

and printing requires
special attention.

It is more likely to
clog or damage the
nozzle. Requires
hardened steel
nozzle. Reduce the
print speed.

Support material
paired only with ABS
(dual extrusion).
Dissolved in
limonene. Good
ventilation is
essential.

Support material
paired with many
other materials (dual
extrusion). Dissolved
in warm water

As a reference, here are some other material types and variations: \iltbed, metaltfilled,
tough PLA, conductive PLA, glowthe-dark, magnetic, colechanging PLA, dichromatic, glass
fiber, Polyoxymethylene (POMPolypropylene (PRPPMMA (Acrylic) different varieties of

flexible materials like TPE/TPC.

N0
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Exercise 1: Design and 3®int a Qustom Door Sop Using TPU

In many cases, the door handle hits the wall, which leaves a mark (as shown Béiiitle
and simple design of a door stop htasrefore very useful practical applications.

[Optional: For more accurate measurements, we can use calipers to determine the thickness of
the door handlg

{StSOG a¢dzoSé¢ FNRY GKS .1 &aA0 {KIFLSa FyR dzaS a
19.4mm and 2mm wall thickness, therefore the radius must be 11.7mm (i.e. the outside diameter
of the tube must be 23.4mm).

%2 3D2ACT door stop (TPU) ﬁ % = 80‘

LE] [b Q @ c” @ AIB Import Export Send To
i i i it \ ! - -
e TR RN LA e ao L &
,fi?i y i | j J e L - @ //// o =
- o ‘ : - | L 25 \ \ = b e

V) .
o
L

10 @D OB
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16.8mm)
ggm 3D2ACT door stop (TPU)
[c[alb}
L QO « © D SN
10 ‘ A shapes(2) 3 Q
® 2
Solid Hole

23.40

+—=0.00 =

0.00

Snap Grid. D1mm =

Create apolygonwithda A RS& ol & | O0dzoS0 IyR dzaS a. S@Sft ¢

{T|1IN]

3D2ACT d TPU .
By B v oo >« 2@
B aOm « © AlL Import  Export  SendTo

i A~ 1 s Q EEH
1 Polygon L
= @ Y, e —

o . B @
@ &
- w
- e

® ¢ > D =2 B,

17.80 7 Edit Grid » &

y [onoel
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Use 2cylindricalholes (one with 19.4mm diameter and one with 12.8mm diameter) to clear the
part of the polygon that is inside the tubes.

[TTiIN
[K[E] 3D2ACT door stop (TPU)
(c[AlD]

@ « ©

[Tip: You can use the Align Tooldorrectlyplaceall shapes (centealignment]

Then group everything together to get the final shape.

oo
K [E] 3D2ACT door stop (TPU)
c[AlD]

oD oT « @ o) 7N

23.40

” N0
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Now you can export your 3D model and slice it for 3D printing. Open your .stl file in Cura (or any
other slicer software).

Before making any other changes to the slicer settings, malesthat you set the filament type
G2 aDSYSNRO ¢t! p!é 62N 20KSNJ aLISOATFAO ¢t ! ¥

Here are some tips angkttings that you need to modify for successfully 3D printing with TPU:

1 Change the printing temperature according to tinstructions of the manufacturer of
the filament TPU needs higher printing temperatures (Z2& our case as shown in the
picture)

1 The slower you print, the better. With direct drivethe maxspeed should b&0-
40mm/sec. Witha bowden setup, thenaxspeed should bel5-25mm/sec Also, all
different types of speeds should be the same and as consistent as possible (e.g. travel
speed, infill speed, wall speed etc.).

1 Donot useZ hop(it may create stringing)

1 Do not let the nozzle travel between open spateavoid stringing. In Cura, go to Travel
settings: Combing Mode, which should be enabled. Combing keeps the nozzle within
already printed areas when traveling. This reduces the need for retraction and avoids
stringing, which is very common with flexibleatarials.

Ultimaker Cura PREVIEW MONITOR

. Generic TPU 954 o= ¢ B
(] bt =% sandardQuality-02mm [ 15% Q) of & off

rint settings

profile Standard Quality

P s \
Monotonic Top/Bottom Order o [~ 4
B mnfin v 4
Infil Pattem O f | cubicsubdivision v \\
® Material v \
Printin ure 280 c \
Build P @5 |50
Flow 1000
(7) Speed 3
Print Speed o 300

Infill Speed 300

Wall Speed o f 300
Travel Speed O L 300
Initiol Layer Speed O 300
Skirt/Brim Speed @ |30
= Travel v
Enable Retraction v
Combing Mode @ 9 |
Avoid Printed Parts When Traveling R
2 Hop When Retracted )

@®© 25minutes [6)

] I

’ N0
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Ultimaker Cura PREPARE MONITOR

pe Layer view v | Colorscheme LineType v | =% standard Quality - 02mm

Profile Standard Quality

*

O v 0
®
150
Infill Pattern O £ | cubicsubdivision
@ Material v
Printing Temperature 2280
Build Plate Temperature @ O s00
Flow 1000
(7) speed
Print Speed O [300
Infill Speed 300
Wall Speed O f |300
Tran O f 300
Initial Layer Speed O |300
Skirt/Brim Speed @ 300
= Travel v [ ]
Enable Retraction v
Combing Mode @6 |m
Avoid Printed Parts When Traveling )
Z Hop When Retracted b
N o @® 25minutes ®
PATE or stop (TPU) ® 39-111m

eP0BO > ® ,

Before actually 3D printing your modehe filament must be dry, as dry as possible, (TPU is
hygroscopic L F & 2 dadigi®yd@ice, Bome&eopteook"/"bake"the TPU filamenin
the oven for 30m 60mat 50-70 degreesEven betteryou canprint it directly from the drybox.
After printing, keegthe filament sealed and away from moisture.

TPU sticks too wetin surfacessoavoidusing aPEl sheebecause youmay win it when you try
to remove the model. Some peoplise ginter stick glue or other adhesives osenglass surface.

Also, keep in mind thahere are different types of TPUs and their hardness/flexibility may.vary

The printed door stop is shown in the pictures below.

y N0
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Exercise 2: Design and 3&int an Ear Saver forMasksUsing TPU

An ear saver is a kind of clgositioned at the back of the head amlused to hold elastic ear
loops.Its purpose igo relieve the ears' pain and pressurem wearing a mask for a long time.
It can be used witlvarious maskshat have atwo-point connection(elastic ear loopsand fit
most people.

Create a box using the dimensions: length=16mm, width=124mm and height=1.6mm

[TTi] .

] 3D2ACT ear saver (TPU b o) 1
e aeu) Elo m 5
B 4 ‘||_>|;| “« © Alh Impor Export d T

A Box a9 i %]
@ Basic Shapes 21Q

\Nﬁ

g
[ |
e > »

& &

Create 2 cylinders with dimensions 16x16x1.6mm and place them at the two ends of the box

’ N0
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g] 3D2ACT ear saver (TPU) F M 80 &
o
[E] E] @ -@ “« ~» @ Alk Import Export Send To
i Q
A Cylinder s 9 L %]
@ ‘ Basic Shapes =t Q
Solid Hole
]
SO0 @
sid o &
Bevel o 0 7
. ks . B oW
= —
% \ V< ‘ &
11235 16.00
e R 1 =% 160 — 0.00 )

TR ; I * s

-

7 | - w A
© @
> % @

Snap Grid. 01mm
oo
€] 3D2ACT TPU &
gﬁn ear saver (TPU) }"% [ 8@@
OB O « © AIB Import  Export  SendTo

A Box 89
tHH
@ ) Basic Shapes

7
@)
z B ;a

Solid H
{
o 0 )
Step: —0 10
gth [e] 1 ' ‘
dth —0
ght o . ‘

160 — 0.00 . '

]
|
e D> D

» B

SnapGnd. 10mm ~

[Tip: Use a 0.1mm Snap Grid meove andplace the cylindesmore accuratelyYou can also click
2y (0KS a!aS aARLRAY(dE 2LIA2Yy 2F GKS wdz SN ¢22
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Go toShapes Library> Design starters and select Rounded ®&ith dimensions: length=6mm,
width=60mm and height=6mm. Make it a hole and insert it 3mm within the main shape (i.e. half
of it). Duplicate the rounded box and inserthie same way on the other side.

{T]1]
Il 3D2ACT ear saver (TPU) A 80 &
[E] Ill] Q '@]’ « @ AIB Import Export send To
A\ Rounded box = Q
FiEE)
‘I' Design Starters gl (o)
olid Hole )
U@ A ¢
“;‘ " 5 S All oo
/ In: Design Starters > Geometric
'8 @
]
- )
7 § s "
: ,““ £ 6.00 0.00 * ( (’5
] - !
hn 3D2ACT ear saver (TPU) i AN ) &
[l ) .
0B d @l‘ « © A‘k Import Export  SendTo

A Roundedbox & @
EHH
(Il’ Design Starters C Q
Solid Hole

20 A<

All

hapes oee
D rters > Geometric

irraisaasd, Easrsaian) i | ! \ \ \
Eif s .

s N0
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Group everything together. The final shape shiblolok like this.

T[]
[K[E] 3D2ACT ear saver (TPU)
[c[A[D]

Dedd « © re) 7N

SnapGrid' 10mm -

ThenNB I (i S-2 F T & QalalstaslalSear loop holder fahe mask. Create acylinder 2mm x
2mm x 2mm, box 3mm 2mm x 2mm {w/h) angled by 5% anda hole cylinder 2mm x 2mm x
2mm.
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3D2

3D2ACT ear saver (TPU)

QEE

|A]

Do ou «~ © 7\

A cylinder s Q

Group everything together and make it a hdle ¢ KS RAIEE akKddzlSE & K2 dzf R
following image.

Duplicate the shapenultiple times group them,and place 4 items on each sidgreadthem
evenly every 8mm.

. N0
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W

oo
[K[E] 3D2ACT ear saver (TPU)
(c[alD}

I e T R © re) Vi
! a2 A Shape a Q

o

Solid

21.81 ShapGrid  10mm =

Be careful to orient the shape appropriateljig: mirror the shape usinghe x and y axis) as
shown in the image below.

[Tl
[E] 3D2ACT TPU o s/
ED:) ear saver (TPU) n?) ™ & ‘
ODoOOb « @ e}
2 s
J ~ shape P

I . Q Basic Shapes
1
Hole

| Solid

Import Export Send To

z B, @

® ¢ > > D

. N0
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E::‘ 3D2ACT ear saver (TPU)
ODomOO « © B 7
- A shape s Q

—

|
Solid Hole

SnapGrid. 10mm »

The final shape should look like the following image.

T[]
[<[E[R] 3D2ACT ear saver (TPU)

clAll

[@ “«

SnapGrid | 10mm -

D O6

22
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Now you can export your 3D model and slice it for 3D printing. Open your .stl file in Cura (or any
other slicer software).

Before making any othathanges to the slicer settings, make sure that you set the filament type
G2 a&aDSy SN Gnyothet spedific TRU filrgeNtlyou may have) and follow the same tips
and settings as discussed in the previous exercise.

Ultimaker Cura PREPARE PREVIEW MONITOR
—o-
5 v binillichog v | Z% standardQuality-02mm B 15% Q) of & off v
/MMMM Print settings
Profile Standard Quality * v
= Qualiy v
Layer Height @ |o2 mm
walls v
Wall Thickness 132 mm
‘Wall Line Count. 3
Horizontal Expansion 00
I Top/Bottom v
Top/Bottom Thickness. 08 mm
08
4
08
4
5 v
Enable Ironing
B nfil v
Infill Density 150
Infill Pattem O £ | cubicSubdivision v
@ Material v
Printing Temperature 280 c
Build Plate Temperature @ O |s0
Flow 100.0
Recommendeg
A Object list i L
£ KK3D2ACT ear saver (1PU) et b
140.0 x 16.0 % 1.6 mm S R Slice
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Theear saver for masks shown in the pictures below.
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Activity Worksheet 3.3 (Student Version)

Level 3 Advanced Level: Specialized Competences
Chapter 3.3Norkingwith Other Materials
Activity Worksheet3.3

In this worksheet we will learabout other types of printing materials, design two different models (an
ear saveifor masks and door stop) and 3D print them using flexible material (TPWare specifically,
we will

9 discuss about several materials, their properties and their chareties

9 design two practical 3D models

T t221 Ayid2 &aLISOALT O2y a ANSBIjNANBREEOUIBAB BE 4268 S|
YEGSNRFEA o0¢t! 0

Afterwards we will export the 3D mods)| slicethem appropriately (changingemperatures,
printing speecdetc.)and finally3D print them The final printed results will look like the following
images.
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Presentation 1: Types of 3Rxinting Materials FHlaments)

Oneveryimportant aspectof 3D printing is to use the right kind of material for the pithand.

We will discuss some of the most common materials that are used for 3D printing, their uses, and
their properties. Keep in mind that new and improved materials constantly appear (imagine that
a few years ago in 2017 the only available filaments were AB¥BA) and there exist several

20 KSNJ Y2NB a LINE Tigsavill ke ydu todnak¥ betiebfidtied tedistons when
buying your filaments.

Every type ofilament/material has itgpros and cons. Before you print anything, there are a few
basic qustions you should ask yoursethncerning mainly the following

1 Strength How strong does your printe8D modelhave to be?

91 Durability: How long can the 3D model last under certain stress or environmental
conditions?

1 Flexibility: How flexible does yolBD modelneed to be?

1 Special conditionsAny other conditions thatayapply to your 3D modeir to your
existing 3D printer equipment

1 Price Sometimes the filament cost is a crucial factor since some types of flaments can
be very expensive.

Undoubtedly PLA is the most popular type of 3D printer filament, and for good redsisneasy
to print with, has a lower printing temperaturandA G Qa | @ Af 6t S Ay ySI NI
styles.However, ompared to other types of 3D printer filament, PLA istlaj so avoid using it
when making items that might be bent, twisted, or repeatedly droppedneed to withstand
highil SYLISNY GdzNBaz a t[! dSyRa (2 RSTF2NY | NRdzyR

We will introducethe most commonly usednd most popula8D printer filamem varieties in
desktop 3D printingapart from PLA. The following tables provide a brief summary of their
uses/applications, their characteristics, and any special considerations you need to know before
printing with them.
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Types of Briefdescription and applications

filaments

Acrylonitrile Best used for making durable parts, has high impact resistance, and can
Butadiene withstand high temperatures (~1000C). It is used for pipes, fittings, toys, veh
(S'i)l’gfg)ne parts, moving parts, househoggbods. It is not food safe.

Polycarbonate PC has high strength and is intended for tough environments and engineerir
(PC) applications. It has extremely high heat deflection, and impact resistance. It i
also extremely hygroscopic. It is not food safe.

Polyethylene Industrial strength filament. PETG is food safe and used a lot for protecting f
Terephthalate and beverages. It is impact resistant, strong and flexible and can be used in
(PETG) mechanical parts. Furthermore, it is used by the medimuistry because its

sterilization properties make it the perfect choice.

Acrylonitrile ASA has similar properties to ABS but is more UV resistant, has higher
Styrene GSYLISNI §dzNB NBarAaidlyOS FyR A& odddd Y
Acrylate applications instead of ABS e.g. automotive exterior parts, outdoor electronic
(ASA) housings and exterior signage.

Thermoplastic Flexible material with great elasticity allowing it to easily stretch and bend. Tl

Polyurethane perfect choice fophone cases, vibration dampening, stoppers, belts, caps.
(TPU)

Nylon Known for its toughness, durability (more durable than ABS) and flexibility. N
[or Polyamide Ad OSNE Ke@aANRaO2LMAO YR OFY | 06a2NDb
(PA)] various consumer products, tools, mechanical components, machine parts (|

hinges, buckles, or gears), functional prototypes, structural parts, containers

CarbonFiber Carbon fiber filaments use tiny fibers that are infused iatoase material to
(reinforced improve its properties. They are extremely strong and stiff. 3D printed parts \
filament) be much lighter and more dimensionally accurate. It is commonly used for F

Vehicles, functional prototypes, lightweight props.etc

High Dissolvable support material that is commonly used with ABS. HiRS is
Impact frequently used on prototypes because it has excellent dimensional stability.
Polystyrene also really easy to print, paint and glue. This material is commusag in the

(HIPS) (soluble)  faprication of home appliances, toys, and product packaging.

PolyVinylAlcohol = Known for its ability to be dissolved in water and is often used as a support
(PVA) (soluble)  material for complex prints. Also used for quick prototypes.

. N0
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Material characteristics
Material
Durability Strength Flexibility cost
Acrylonitrile
Butadi
spene . okkk Kkkk kk ok
(ABS)
Polycarbonate
(PC) 1.0.0.0.0.db 0.0 ¢ D ¢ ¢ *k
Polyethylene
Terephthalate
rorephinalte gekokk  kkokk kk kK
Acrylonitrile
Styrene
Acrylate *hdokk kkdkok  kkk ok
(ASA)

Thermoplastic

Polyurethane Yhhkk KRRk Rk dkok

(TPU)

Nylon

[or Polyamide  Jegedede sk dk Ak hkk 2.0.0.0.¢

(PA)]

CarbonFiber

(reinforced *hIk Khkhkk X 0.0.0.0.1

filament)
High
Impact

Polystyrene **** ** * ****

(HIPS) (soluble)
PolyVinyl

Alcohol Yk hk  Fokkkk dkkk  Kkkk

(PVA) (soluble)

VERY LOW *

LOW **
MEDIUM ***
HIGH ****
VERY HIGH *****

28
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Heat Water
resistance resistance

*hkdok  dokk
1.0.2.0.0.8).0.9.9.
*hk  kokok
1,0.8.0.0.8).0.0.¢ ¢
xhok  hokk
Yokokok  dokok
1.0.2.0.0.80.0.0.¢.¢
1. 0.0.0. G ¢ ¢
*k *
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Acrylonitrile
Butadiene
Styrene
(ABS)

Polycarbonate
(PC)

Polyethylene
Terephthalate
(PETG)

Acrylonitrile
Styrene
Acrylate
(ASA)

Thermoplastic
Polyurethane
(TPU)

Nylon
[or Polyamide
(PA)]

Nozzle
Temperature

220-260c /

260-310c /

210-250c /

220-24% /

220-250c /

225-265c /

I APY M A
KPATIKQON
YNOTPO®ION

Special considerations and 3D printing settings

Heated bed

80-110c /

80-120c /

70-90c /

90-m MmN C |

30-cnc/
(not
required)

70-90c /

Enclosure
(recommended)

S

Moisture Cooling
absorbent (fans)
(hygroscopic)

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

Other

Warps easily.
Produces
hazardous/toxic
fumes when printing.
Good ventilation is
essential.

Requiresa high
temperaturehot end
Proneto warping.
Absorbs moisture
from the air which
can cause print
defects.

It barely warps, and
produces no odors or
fumes when printed.
Can cause stringing.

Warps easily.
Produces
hazardous/toxic
fumes when printing.
Good ventilation is
essential. It can easil
delaminate (crack at
the layers) if the print
cooling is too strong.

Using a Direct Drive
extruder is
recommended. Use
slow printing speeds
(20-30mm/sec). The
less infill you use, the
more flexible your
print will be. Can
cause stringing.

May require high
temperaturehot end
Use slow printing
speeds. Highly
hygroscopic, storage

[onoel
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CarbonFiber
(reinforced 200230 / 45c nc/ x * /
filament) (not

required)

High
|m%act 230- 245 / 100- 115 / J ok dk ok x

Polystyrene
(HIPS)
(soluble)

PolyVinyl
Alcohol 180200c / 45c n ¢/ x 00 0® ¢ J

(PVA)
(soluble)

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

and printing requires
special attention.

It is more likely to
clog ordamage the
nozzle. Requires
hardened steel
nozzle. Reduce the
print speed.

Support material
paired only with ABS
(dual extrusion).
Dissolved in
limonene. Good
ventilation is
essential.

Support material
paired with many
other materials (dual
extrusion). Dissolved
in warm water

As a reference, here are some other material types and variations: \iltbed, metaltfilled,
tough PLA, conductive PLA, glowthe-dark, magnetic, colechanging PLA, dichromatic, glass
fiber, Polyoxymethylene (POMPolypropylene (PRP)PMMA (Acrylic) different varieties of

flexible materials like TPE/TPC.

30
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Exercise 1: Design and 3®int a Qustom Door Sop Using TPU

In many cases, the door handle hits the wall, which leaves a mark (as shown Béiiitle
and simple design of a door stop htasrefore very useful practical applications.

[Optional: For more accurate measurements, we can use calipers to determine the thickness of
the door handle.]

{StSOG ac¢dzoS¢ FNRBY GKS .l &aA0 {KIFLSa FyR dzaS a
19.4mm and 2mm wall thickness, therefore the radius must be 11.7mm (i.e. the outside diameter
of the tube must be 23.4mm).

oon
3D2ACT d TPU
f e = L )
@ m @ @ « ~» @ AIL Import Export Send To
: ; } B

i il i ( TR . © A Tube ) @

;;;;; 7 ; | 5 i \ S [E

sl 2 ; ? ] / “ i : M 5 @ //// Basic Shapes s|Q
A / 2 7 % z: =2 I fit e A= 2 : =

L S © e )
)

12.00 : e S . '
$ (S EEEs BATE WS SR
i i \ R \ e an e

P 000 =

& B

Edit Grid ° a
01mm ~

o ®& @€ © > b 2

Snap Grid
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16.8mm) Create a polygon with4ssda 6+ a | Odzo So |

AGK NI RAdza vy @n
YR dza8 &. $05¢t ¢
Use 2 cylindrical holes (one with 19.4mm diameter and one with 12.8mm diameter) to clear the

part of the polygon that is inside the tubes.

i)

ACT door stop (TPU)

5858
54

§§ [E) 302ACT door stop (TPU)

QU « © N @ - ®

[Tip: You can use the Align Tool to correctly place all shapes (calijament]

Then group everything together to get the final shape.

[ 7] 1N
[K[E] 3D2ACT door stop (TPU)
[c[AlD]

DhoO « © B N

23.40

0.00
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Now you can export your 3D model and slice it for 3D printing. Open your .stl file in Cura (or any
other slicer software).

Before making any other changes to the slicer settings, maleetbat you set the filament type
G2 AaDSYSNRO ¢t! dpp! € 62N 20KSNJ aLISOAFAO ¢t !

Here are some tips and settings that you need to modify for successfully 3D printing with TPU:

1 Change the printing temperature according to the instraos of the manufacturer of
the filament. TPU needs higher printing temperatures (228 our case as shown in the
picture)

1 The slower you print, the better. With direct drivethe maxspeed should b&0-
40mm/sec. Witha bowden setup, thenaxspeed shoulde 15-25mm/sec Also, all
different types of speeds should be the same and as consistent as possible (e.g. travel
speed, infill speed, wall speed etc.).

1 Donot useZ hop(it may create stringing)

1 Do not let the nozzle travel between open spaces to astidging. In Cura, go to Travel
settings: Combing Mode, which should be enabled. Combing keeps the nozzle within
already printed areas when traveling. This reduces the need for retraction and avoids
stringing, which is very common with flexible materials.

Ultimaker Cura PREPARE MONITOR

e Layerview v | Colorscheme Line Type v | 2% standard Quality-0.2mm B 5% Q of b off v

— i} Print settings

Profile Standard Quality

=

O Search se
Monotonic Top/Bottom Order O |v 60
Enable Ironing ®
B il
Infill Density 150
Infill Pattern O f | cubicsubdivision *
(® Material
Printing Temperature 280
Build Plate Temperature @ b |s0
Flow 1000
(7) speed
Print Speed O 300

Infill Speed 300

Wall Speed O £ 300
Travel Speed o £ 300
Initial Layer Speed O 300
Skirt/Brim Speed @ 300

®

@ O |

o)
o)
Toreen @© 25minutes @
£ KK_3D2ACT door stop (TPU) © 3-111m
QP¥OTBOo > g i
)
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Before actually 3D printing your modehe filament must be dry, as dry as possible, (TPU is
hygroscopicp LT &2dz R2y Qi KI @S 'lcooR/Mhbke' th&TPR flammendS s &2 Y
the oven for 30m 60mat 50-70 degreesEven betteryou canprint it directly from the drybox.

After printing, keegthe filament sealed and away from moisture.

TPU sticks too wetin surfacessoavoidusing aPEl sheebecause youmay win it when you try
to remove the model. Some peoplse printe stick glue opther adhesives orseaglass surface.

Also, keep in mind thahere are different types of TPUs and their hardness/flexibility may.vary

The printed door stop is shown in the pictures below.

34 (cc) (DS
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Exercise 2: Design and 3&int an Ear Saver forMasksUsing TPU

An ear saver is a kind of clgositioned at the back of the head amlused to hold elastic ear
loops.Its purpose igo relieve the ears' pain and pressurem wearing a mask for a long time.
It can be used witlvarious maskshat have atwo-point connection(elastic ear loopsand fit
most people.

Create a box using the dimensions: length=16mm, width=124mm and height=1.%hen,
create 2 cylinders with dimensions 16x16x1.6mm and place them at the two ends of the box.

T[] =

K] [;Z] 3D2ACT ear saver (TPU) }'-, le) ,

e = LI
e

Iﬁ El @ <« @ AIL Import Export Send To

A~ Box a0 L @
Basic S o

c Shapes o @]

o . B O W
S P

ol BV
- eBO

> % @

[Tip: Use a 0.1mm Snap Grid to move and place the cylinders more accurately. You can also click
2y 0KS a!aS aARLRAY{dEé 2LIA2Yy 2F GKS wdzZ SN ¢22

Go to Shapes Library Design starters and select Rounded Box with dimensions: length=6mm,
width=60mm and height=6mmnMake it a hole and insert it 3mm within the main shape (i.e. half
of it). Duplicate the rounded box and inserthie same way on the other side.
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Group everything together. The final shape should look like this.
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