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TEACHING MODULE 3.3 

Chapter 3.3 Working with other materials 

 

Equipment  

(if needed) 

Projector, PC with Internet access, 3D printer  

Optional: calipers for measuring the dimensions of parts 

Duration 2 hours 

Short Description In this worksheet we will learn about other types of printing materials. 

We will also design and 3D print an ear saver and a custom door stop 

with flexible filament (TPU). 

Learning Outcomes How to design and measure with precision. 

Using different types of materials depending on their properties and 

understand the required changes to the slicer and 3D printer settings 

in order to print such materials. 

Imagination, Problem solving, Critical thinking, Adaptability, 

Experimentation, Improvisation, Patience 

Activities 

Activity 1 Presentation 3.3.1 

Aim of the Activity Learn about other types of 3D printing materials 

Duration 20 min 

Type of Activity Presentation 

Teaching Objectives Pros and cons of different materials, their properties and their 

characteristics 

Resources Worksheet 3.3 / Presentation 1 

 

Activity 2 Exercise 3.3.2 

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

LESSON PLAN 3.3 



     

3 
 

 

 

 

  

Duration 30 min 

Type of Activity Worksheet 

Teaching Objectives Accurately design the 3D model and slice it using the appropriate 

settings for flexible material 

Resources Worksheet 3.3 / Exercise 1 

 

Activity 3 Exercise 3.3.3 

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 appropriate 

settings for flexible material 

Resources Worksheet 3.3 / Exercise 2 

Further Reading 

Guide to 3D Printing 

Materials 

https://formlabs.com/eu/blog/3d-printing-materials/  

Ultimate 3D Printing 

Materials Guide 

https://www.simplify3d.com/support/materials-guide/  

3D Printing 

Materials - The 

Ultimate Guide 

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

3D Printer Materials 

Guide 

https://www.3dbeginners.com/3d-printer-materials-guide/  

https://formlabs.com/eu/blog/3d-printing-materials/
https://www.simplify3d.com/support/materials-guide/
https://all3dp.com/1/3d-printing-materials-guide-3d-printer-material/
https://www.3dbeginners.com/3d-printer-materials-guide/
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Level 3 (Advanced Level: Specialized Competences) 

Chapter 3.3 Working with Other Materials 

Activity Worksheet 3.3  
 

In this worksheet we will learn about other types of printing materials, design two different 

models (an ear saver for masks and a door stop) and 3D print them using flexible material (TPU). 

More specifically, we will: 

¶ discuss about several materials, their properties and their characteristics 

¶ design two practical 3D models 

¶ ƭƻƻƪ ƛƴǘƻ ǎǇŜŎƛŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎΣ ƛǎǎǳŜǎ ŀƴŘ о5 ǇǊƛƴǘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ǿƘŜƴ ǳǎƛƴƎ ŦƭŜȄƛōƭŜ 

ƳŀǘŜǊƛŀƭǎ ό¢t¦ύ 

Afterwards, we will export the 3D models, slice them appropriately (changing temperatures, 

printing speed etc.) and finally 3D print them. The final printed results will look like the following 

images. 

  

 

Activity Worksheet 3.3 (Teacher Version)  
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Presentation 1: Types of 3D Printing Materials (Filaments) 

One very important aspect of 3D printing is to use the right kind of material for the job at hand. 

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 ABS and PLA) and there exist several 

ƻǘƘŜǊ ƳƻǊŜ άǇǊƻŦŜǎǎƛƻƴŀƭέ ƳŀǘŜǊƛŀƭǎ. This will help you to make better-informed decisions when 

buying your filaments. 

Every type of filament/material has its pros and cons. Before you print anything, there are a few 

basic questions you should ask yourself, concerning mainly the following: 

¶ Strength: How strong does your printed 3D model have to be? 

¶ Durability: How long can the 3D model last under certain stress or environmental 

conditions? 

¶ Flexibility: How flexible does your 3D model need to be? 

¶ Special conditions: Any other conditions that may apply to your 3D model or to your 

existing 3D printer equipment 

¶ Price: Sometimes the filament cost is a crucial factor since some types of filaments can 

be very expensive. 

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

to print with, has a lower printing temperature and ƛǘΩǎ ŀǾŀƛƭŀōƭŜ ƛƴ ƴŜŀǊƭȅ ŜƴŘƭŜǎǎ ŎƻƭƻǊǎ ŀƴŘ 

styles. However, compared to other types of 3D printer filament, PLA is brittle, so avoid using it 

when making items that might be bent, twisted, or repeatedly dropped, or need to withstand 

high ǘŜƳǇŜǊŀǘǳǊŜǎΣ ŀǎ t[! ǘŜƴŘǎ ǘƻ ŘŜŦƻǊƳ ŀǊƻǳƴŘ слϲ/ ƻǊ ƘƛƎƘŜǊ. 

We will introduce the most commonly used and most popular 3D printer filament varieties in 

desktop 3D printing, apart 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 

filaments 
Brief description and applications 

Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

Best used for making durable parts, has high impact resistance, and can 

withstand high temperatures (~100oC). It is used for pipes, fittings, toys, vehicle 

parts, moving parts, household goods. It is not food safe. 

Polycarbonate  
(PC) 

PC has high strength and is intended for tough environments and engineering 

applications. It has extremely high heat deflection, and impact resistance. It is 

also extremely hygroscopic. It is not food safe. 

Polyethylene  
Terephthalate 
(PETG) 

Industrial strength filament. PETG is food safe and used a lot for protecting food 

and beverages. It is impact resistant, strong and flexible and can be used in 

mechanical parts. Furthermore, it is used by the medical industry because its 

sterilization properties make it the perfect choice. 

Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

ASA has similar properties to ABS but is more UV resistant, has higher 

ǘŜƳǇŜǊŀǘǳǊŜ ǊŜǎƛǎǘŀƴŎŜ ŀƴŘ ƛǎ ŎƘŜƳƛŎŀƭ ǊŜǎƛǎǘŀƴǘΦ LǘΩǎ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ƛƴ ƻǳǘŘƻƻǊ 

applications instead of ABS e.g. automotive exterior parts, outdoor electronics 

housings and exterior signage. 

Thermoplastic  
Polyurethane 
(TPU) 

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

perfect choice for phone cases, vibration dampening, stoppers, belts, caps. 

Nylon  

[or Polyamide 

(PA)] 

Known for its toughness, durability (more durable than ABS) and flexibility. Nylon 

ƛǎ ǾŜǊȅ ƘȅƎǊƻǎŎƻǇƛŎ ŀƴŘ Ŏŀƴ ŀōǎƻǊō ƳƻƛǎǘǳǊŜ ŦǊƻƳ ƛǘǎ ǎǳǊǊƻǳƴŘƛƴƎǎΦ LǘΩǎ ǎǳƛǘŜŘ ŦƻǊ 

various consumer products, tools, mechanical components, machine parts (like 

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

Carbon Fiber 
(reinforced 
filament)  
 

Carbon fiber filaments use tiny fibers that are infused into a base material to 

improve its properties. They are extremely strong and stiff. 3D printed parts will 

be much lighter and more dimensionally accurate.  It is commonly used for R/C 

Vehicles, functional prototypes, lightweight props etc. 

High  
Impact  
Polystyrene 
(HIPS) (soluble) 

Dissolvable support material that is commonly used with ABS. HIPS is also 

frequently used on prototypes because it has excellent dimensional stability. It is 

also really easy to print, paint and glue. This material is commonly used in the 

fabrication of home appliances, toys, and product packaging. 

PolyVinyl Alcohol 
(PVA) (soluble) 

Known for its ability to be dissolved in water and is often used as a support 

material for complex prints. Also used for quick prototypes. 
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Material characteristics 

 

Durability Strength Flexibility 

Material 

cost  

Heat 

resistance  

Water 

resistance  

Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

      

Polycarbonate  
(PC) 

      

Polyethylene  
Terephthalate 
(PETG) 

      

Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

      

Thermoplastic  
Polyurethane 
(TPU) 

      

Nylon  

[or Polyamide 

(PA)] 

      

Carbon Fiber 
(reinforced 
filament)  

      

High  
Impact  
Polystyrene 
(HIPS) (soluble) 

      

PolyVinyl 
Alcohol 
(PVA) (soluble) 

      

 

VERY LOW  
LOW  

MEDIUM   

HIGH   

VERY HIGH   
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Special considerations and 3D printing settings 

 Nozzle 

Temperature 

Heated bed Enclosure 

(recommended) 

Moisture 

absorbent 

(hygroscopic)  

Cooling 

(fans) 

Other 

 
Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

 

220 - 260ϲ/ 

 

80 - 110ϲ/ 

  

 

Warps easily. 

Produces 

hazardous/toxic 

fumes when printing. 

Good ventilation is 

essential. 

 
Polycarbonate  
(PC) 

 

260 - 310ϲ/ 

 

80 - 120ϲ/ 

  

 

Requires a high 

temperature hot end. 

Prone to warping. 

Absorbs moisture 

from the air which 

can cause print 

defects. 

 
Polyethylene  
Terephthalate 
(PETG) 

 

210 - 250ϲ/ 

 

70 - 90ϲ/ 

   It barely warps, and 

produces no odors or 

fumes when printed. 

Can cause stringing. 

 
Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

 

220 - 245ϲ/ 

 

90 - ммлϲ/ 

  

 

Warps easily. 

Produces 

hazardous/toxic 

fumes when printing. 

Good ventilation is 

essential. It can easily 

delaminate (crack at 

the layers) if the print 

cooling is too strong. 

 
Thermoplastic  
Polyurethane 
(TPU) 

 

220 - 250ϲ/ 

 

30 - слϲ/ 

(not 

required) 
 

  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. 

 

Nylon  

[or Polyamide 

(PA)] 

 

225 - 265ϲ/ 

 

70 - 90ϲ/ 

  

 

May require high 

temperature hot end. 

Use slow printing 

speeds. Highly 

hygroscopic, storage 
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and printing requires 

special attention. 

 
Carbon Fiber 
(reinforced 
filament)  

 

200-230ϲ/ 

 

45-слϲ/  

(not 

required) 

   It is more likely to 

clog or damage the 

nozzle. Requires 

hardened steel 

nozzle. Reduce the 

print speed. 

 
High  
Impact  
Polystyrene 
(HIPS) 

(soluble) 

 

230 - 245ϲ/  

 

100 - 115ϲ/ 

  

 

Support material 

paired only with ABS 

(dual extrusion). 

Dissolved in 

limonene. Good 

ventilation is 

essential. 

 
PolyVinyl 
Alcohol 
(PVA) 

(soluble) 

 

180-200ϲ/ 

 

45-сл ϲ/ 

   Support material 

paired with many 

other materials (dual 

extrusion). Dissolved 

in warm water 

 

As a reference, here are some other material types and variations: wood-filled, metal-filled, 

tough PLA, conductive PLA, glow-in-the-dark, magnetic, color-changing PLA, dichromatic, glass 

fiber, Polyoxymethylene (POM), Polypropylene (PP), PMMA (Acrylic), different varieties of 

flexible materials like TPE/TPC. 
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Exercise 1: Design and 3D Print a Custom Door Stop Using TPU 

In many cases, the door handle hits the wall, which leaves a mark (as shown below). This little 

and simple design of a door stop has therefore very useful practical applications. 

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

the door handle.] 

  

{ŜƭŜŎǘ ά¢ǳōŜέ ŦǊƻƳ ǘƘŜ .ŀǎƛŎ {ƘŀǇŜǎ ŀƴŘ ǳǎŜ ά.ŜǾŜƭέ мƳƳΦ ²Ŝ ǿŀƴǘ ǘƘŜ ƛƴƴŜǊ ŘƛŀƳŜǘŜǊ ǘƻ ōŜ 

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). 
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/ǊŜŀǘŜ ŀƴƻǘƘŜǊ ǎƳŀƭƭŜǊ ά¢ǳōŜέ ǿƛǘƘ ǊŀŘƛǳǎ уΦпƳƳ όƛΦŜΦ ǘƘŜ ƻǳǘǎƛŘŜ ŘƛŀƳŜǘŜǊ ƻŦ ǘƘŜ ǘǳōŜ Ƴǳǎǘ ōŜ 

16.8mm) 

 

Create a polygon with 4 ǎƛŘŜǎ όŀǎ ŀ ŎǳōŜύ ŀƴŘ ǳǎŜ ά.ŜǾŜƭέ нƳƳΦ 
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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. 

 

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

Then group everything together to get the final shape. 
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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, make sure that you set the filament type 

ǘƻ άDŜƴŜǊƛŎ ¢t¦ фр!έ όƻǊ ƻǘƘŜǊ ǎǇŜŎƛŦƛŎ ¢t¦ ŦƛƭŀƳŜƴǘ ȅƻǳ Ƴŀȅ ƘŀǾŜύΦ  

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

¶ Change the printing temperature according to the instructions of the manufacturer of 

the filament. TPU needs higher printing temperatures (228oC in our case as shown in the 

picture) 

¶ The slower you print, the better. With a direct drive the max speed should be 30-

40mm/sec. With a bowden setup, the max speed should be 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.). 

¶ Do not use Z hop (it may create stringing) 

¶ Do not let the nozzle travel between open spaces to avoid 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 flexible materials. 
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Before actually 3D printing your model, the filament must be dry, as dry as possible, (TPU is 

hygroscopic)Φ LŦ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ a drybox device, some people "cook"/"bake" the TPU filament in 

the oven for 30m - 60m at 50-70 degrees. Even better, you can print it directly from the drybox. 

After printing, keep the filament sealed and away from moisture. 

TPU sticks too well on surfaces, so avoid using a PEI sheet because you may ruin it when you try 

to remove the model. Some people use printer stick glue or other adhesives or use a glass surface. 

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

The printed door stop is shown in the pictures below. 

 



     

15 
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Exercise 2: Design and 3D Print an Ear Saver for Masks Using TPU 

An ear saver is a kind of clip positioned at the back of the head and is used to hold elastic ear 

loops. Its purpose is to relieve the ears' pain and pressure from wearing a mask for a long time. 

It can be used with various masks that have a two-point connection (elastic ear loops) and fit 

most people. 

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

 

 

Create 2 cylinders with dimensions 16x16x1.6mm and place them at the two ends of the box. 
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[Tip: Use a 0.1mm Snap Grid to move and place the cylinders more accurately. You can also click 

ƻƴ ǘƘŜ ά¦ǎŜ aƛŘǇƻƛƴǘέ ƻǇǘƛƻƴ ƻŦ ǘƘŜ wǳƭŜǊ ¢ƻƻƭΦ] 
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Go to Shapes Library -> Design starters and select Rounded Box with 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 insert it the same way on the other side. 
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Group everything together. The final shape should look like this. 

 

Then cǊŜŀǘŜ ŀ άŎǳǘ-ƻŦŦέ ǎƘŀǇŜ to act as an ear loop holder for the mask.  Create a cylinder 2mm x 

2mm x 2mm, box 3mm x 2mm x 2mm (l/w/h) angled by 55o, and a hole cylinder 2mm x 2mm x 

2mm.  
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Group everything together and make it a holeΦ ¢ƘŜ Ŧƛƴŀƭ άŎǳǘ-ƻŦŦέ ǎƘŀǇŜ ǎƘƻǳƭŘ ƭƻƻƪ ƭƛƪŜ ǘƘŜ 

following image. 

 

Duplicate the shape multiple times, group them, and place 4 items on each side. Spread them 

evenly every 8mm.  
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Be careful to orient the shape appropriately (Tip: mirror the shape using the x and y axis) as 

shown in the image below. 

 

 



     

22 
 

 

 
 

The final shape should look like the following image. 
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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, make sure that you set the filament type 

ǘƻ άDŜƴŜǊƛŎ ¢t¦ фр!έ όƻǊ any other specific TPU filament you may have) and follow the same tips 

and settings as discussed in the previous exercise. 
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The ear saver for masks is shown in the pictures below. 
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Level 3 (Advanced Level: Specialized Competences) 

Chapter 3.3 Working with Other Materials 

Activity Worksheet 3.3  
 

In this worksheet we will learn about other types of printing materials, design two different models (an 

ear saver for masks and a door stop) and 3D print them using flexible material (TPU). More specifically, 

we will  

¶ discuss about several materials, their properties and their characteristics 

¶ design two practical 3D models 

¶ ƭƻƻƪ ƛƴǘƻ ǎǇŜŎƛŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎΣ ƛǎǎǳŜǎ ŀƴŘ о5 ǇǊƛƴǘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ǿƘŜƴ ǳǎƛƴƎ ŦƭŜȄƛōƭŜ 

ƳŀǘŜǊƛŀƭǎ ό¢t¦ύ 

Afterwards, we will export the 3D models, slice them appropriately (changing temperatures, 

printing speed etc.) and finally 3D print them. The final printed results will look like the following 

images. 

  

 

Activity Worksheet 3.3 (Student Version)  
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Presentation 1: Types of 3D Printing Materials (Filaments) 

One very important aspect of 3D printing is to use the right kind of material for the job at hand. 

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 ABS and PLA) and there exist several 

ƻǘƘŜǊ ƳƻǊŜ άǇǊƻŦŜǎǎƛƻƴŀƭέ ƳŀǘŜǊƛŀƭǎΦ This will help you to make better-informed decisions when 

buying your filaments. 

Every type of filament/material has its pros and cons. Before you print anything, there are a few 

basic questions you should ask yourself, concerning mainly the following: 

¶ Strength: How strong does your printed 3D model have to be? 

¶ Durability: How long can the 3D model last under certain stress or environmental 

conditions? 

¶ Flexibility: How flexible does your 3D model need to be? 

¶ Special conditions: Any other conditions that may apply to your 3D model or to your 

existing 3D printer equipment 

¶ Price: Sometimes the filament cost is a crucial factor since some types of filaments can 

be very expensive. 

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

to print with, has a lower printing temperature and ƛǘΩǎ ŀǾŀƛƭŀōƭŜ ƛƴ ƴŜŀǊƭȅ ŜƴŘƭŜǎǎ ŎƻƭƻǊǎ ŀƴŘ 

styles. However, compared to other types of 3D printer filament, PLA is brittle, so avoid using it 

when making items that might be bent, twisted, or repeatedly dropped, or need to withstand 

high ǘŜƳǇŜǊŀǘǳǊŜǎΣ ŀǎ t[! ǘŜƴŘǎ ǘƻ ŘŜŦƻǊƳ ŀǊƻǳƴŘ слϲ/ ƻǊ ƘƛƎƘŜǊ. 

We will introduce the most commonly used and most popular 3D printer filament varieties in 

desktop 3D printing, apart 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 

filaments 
Brief description and applications 

Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

Best used for making durable parts, has high impact resistance, and can 

withstand high temperatures (~100oC). It is used for pipes, fittings, toys, vehicle 

parts, moving parts, household goods. It is not food safe. 

Polycarbonate  
(PC) 

PC has high strength and is intended for tough environments and engineering 

applications. It has extremely high heat deflection, and impact resistance. It is 

also extremely hygroscopic. It is not food safe. 

Polyethylene  
Terephthalate 
(PETG) 

Industrial strength filament. PETG is food safe and used a lot for protecting food 

and beverages. It is impact resistant, strong and flexible and can be used in 

mechanical parts. Furthermore, it is used by the medical industry because its 

sterilization properties make it the perfect choice. 

Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

ASA has similar properties to ABS but is more UV resistant, has higher 

ǘŜƳǇŜǊŀǘǳǊŜ ǊŜǎƛǎǘŀƴŎŜ ŀƴŘ ƛǎ ŎƘŜƳƛŎŀƭ ǊŜǎƛǎǘŀƴǘΦ LǘΩǎ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ƛƴ outdoor 

applications instead of ABS e.g. automotive exterior parts, outdoor electronics 

housings and exterior signage. 

Thermoplastic  
Polyurethane 
(TPU) 

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

perfect choice for phone cases, vibration dampening, stoppers, belts, caps. 

Nylon  

[or Polyamide 

(PA)] 

Known for its toughness, durability (more durable than ABS) and flexibility. Nylon 

ƛǎ ǾŜǊȅ ƘȅƎǊƻǎŎƻǇƛŎ ŀƴŘ Ŏŀƴ ŀōǎƻǊō ƳƻƛǎǘǳǊŜ ŦǊƻƳ ƛǘǎ ǎǳǊǊƻǳƴŘƛƴƎǎΦ LǘΩǎ ǎǳƛǘŜŘ ŦƻǊ 

various consumer products, tools, mechanical components, machine parts (like 

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

Carbon Fiber 
(reinforced 
filament)  
 

Carbon fiber filaments use tiny fibers that are infused into a base material to 

improve its properties. They are extremely strong and stiff. 3D printed parts will 

be much lighter and more dimensionally accurate.  It is commonly used for R/C 

Vehicles, functional prototypes, lightweight props etc. 

High  
Impact  
Polystyrene 
(HIPS) (soluble) 

Dissolvable support material that is commonly used with ABS. HIPS is also 

frequently used on prototypes because it has excellent dimensional stability. It is 

also really easy to print, paint and glue. This material is commonly used in the 

fabrication of home appliances, toys, and product packaging. 

PolyVinyl Alcohol 
(PVA) (soluble) 

Known for its ability to be dissolved in water and is often used as a support 

material for complex prints. Also used for quick prototypes. 
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Material characteristics 

 

Durability Strength Flexibility 

Material 

cost  

Heat 

resistance  

Water 

resistance  

Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

      

Polycarbonate  
(PC) 

      

Polyethylene  
Terephthalate 
(PETG) 

      

Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

      

Thermoplastic  
Polyurethane 
(TPU) 

      

Nylon  

[or Polyamide 

(PA)] 

      

Carbon Fiber 
(reinforced 
filament)  

      

High  
Impact  
Polystyrene 
(HIPS) (soluble) 

      

PolyVinyl 
Alcohol 
(PVA) (soluble) 

      

 

VERY LOW  
LOW  

MEDIUM   

HIGH   

VERY HIGH   
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Special considerations and 3D printing settings 

 Nozzle 

Temperature 

Heated bed Enclosure 

(recommended) 

Moisture 

absorbent 

(hygroscopic)  

Cooling 

(fans) 

Other 

 
Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

 

220 - 260ϲ/ 

 

80 - 110ϲ/ 

  

 

Warps easily. 

Produces 

hazardous/toxic 

fumes when printing. 

Good ventilation is 

essential. 

 
Polycarbonate  
(PC) 

 

260 - 310ϲ/ 

 

80 - 120ϲ/ 

  

 

Requires a high 

temperature hot end. 

Prone to warping. 

Absorbs moisture 

from the air which 

can cause print 

defects. 

 
Polyethylene  
Terephthalate 
(PETG) 

 

210 - 250ϲ/ 

 

70 - 90ϲ/ 

   It barely warps, and 

produces no odors or 

fumes when printed. 

Can cause stringing. 

 
Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

 

220 - 245ϲ/ 

 

90 - ммлϲ/ 

  

 

Warps easily. 

Produces 

hazardous/toxic 

fumes when printing. 

Good ventilation is 

essential. It can easily 

delaminate (crack at 

the layers) if the print 

cooling is too strong. 

 
Thermoplastic  
Polyurethane 
(TPU) 

 

220 - 250ϲ/ 

 

30 - слϲ/ 

(not 

required) 
 

  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. 

 

Nylon  

[or Polyamide 

(PA)] 

 

225 - 265ϲ/ 

 

70 - 90ϲ/ 

  

 

May require high 

temperature hot end. 

Use slow printing 

speeds. Highly 

hygroscopic, storage 
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and printing requires 

special attention. 

 
Carbon Fiber 
(reinforced 
filament)  

 

200-230ϲ/ 

 

45-слϲ/  

(not 

required) 

   It is more likely to 

clog or damage the 

nozzle. Requires 

hardened steel 

nozzle. Reduce the 

print speed. 

 
High  
Impact  
Polystyrene 
(HIPS) 

(soluble) 

 

230 - 245ϲ/  

 

100 - 115ϲ/ 

  

 

Support material 

paired only with ABS 

(dual extrusion). 

Dissolved in 

limonene. Good 

ventilation is 

essential. 

 
PolyVinyl 
Alcohol 
(PVA) 

(soluble) 

 

180-200ϲ/ 

 

45-сл ϲ/ 

   Support material 

paired with many 

other materials (dual 

extrusion). Dissolved 

in warm water 

 

As a reference, here are some other material types and variations: wood-filled, metal-filled, 

tough PLA, conductive PLA, glow-in-the-dark, magnetic, color-changing PLA, dichromatic, glass 

fiber, Polyoxymethylene (POM), Polypropylene (PP), PMMA (Acrylic), different varieties of 

flexible materials like TPE/TPC. 
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Exercise 1: Design and 3D Print a Custom Door Stop Using TPU 

In many cases, the door handle hits the wall, which leaves a mark (as shown below). This little 

and simple design of a door stop has therefore very useful practical applications. 

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

the door handle.] 

  

{ŜƭŜŎǘ ά¢ǳōŜέ ŦǊƻƳ ǘƘŜ .ŀǎƛŎ {ƘŀǇŜǎ ŀƴŘ ǳǎŜ ά.ŜǾŜƭέ мƳƳΦ ²Ŝ ǿŀƴǘ ǘƘŜ ƛƴƴŜǊ ŘƛŀƳŜǘŜǊ ǘƻ ōŜ 

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). 
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/ǊŜŀǘŜ ŀƴƻǘƘŜǊ ǎƳŀƭƭŜǊ ά¢ǳōŜέ ǿƛǘƘ ǊŀŘƛǳǎ уΦпƳƳ όƛΦŜΦ ǘƘŜ ƻǳǘǎƛŘŜ ŘƛŀƳŜǘŜǊ ƻŦ ǘƘŜ ǘǳōŜ Ƴǳǎǘ ōŜ 

16.8mm). Create a polygon with 4 sidŜǎ όŀǎ ŀ ŎǳōŜύ ŀƴŘ ǳǎŜ ά.ŜǾŜƭέ нƳƳΦ 

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. 

  

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

Then group everything together to get the final shape. 

 

 



     

33 
 

 

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, make sure that you set the filament type 

ǘƻ άDŜƴŜǊƛŎ ¢t¦ фр!έ όƻǊ ƻǘƘŜǊ ǎǇŜŎƛŦƛŎ ¢t¦ ŦƛƭŀƳŜƴǘ ȅƻǳ Ƴŀȅ ƘŀǾŜύΦ  

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

¶ Change the printing temperature according to the instructions of the manufacturer of 

the filament. TPU needs higher printing temperatures (228oC in our case as shown in the 

picture) 

¶ The slower you print, the better. With a direct drive the max speed should be 30-

40mm/sec. With a bowden setup, the max speed should be 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.). 

¶ Do not use Z hop (it may create stringing) 

¶ Do not let the nozzle travel between open spaces to avoid 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 flexible materials. 
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Before actually 3D printing your model, the filament must be dry, as dry as possible, (TPU is 

hygroscopic)Φ LŦ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ ŀ ŘǊȅōƻȄ ŘŜǾƛŎŜΣ ǎƻƳŜ ǇŜƻǇƭŜ "cook"/"bake" the TPU filament in 

the oven for 30m - 60m at 50-70 degrees. Even better, you can print it directly from the drybox. 

After printing, keep the filament sealed and away from moisture. 

TPU sticks too well on surfaces, so avoid using a PEI sheet because you may ruin it when you try 

to remove the model. Some people use printer stick glue or other adhesives or use a glass surface. 

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

The printed door stop is shown in the pictures below. 
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Exercise 2: Design and 3D Print an Ear Saver for Masks Using TPU 

An ear saver is a kind of clip positioned at the back of the head and is used to hold elastic ear 

loops. Its purpose is to relieve the ears' pain and pressure from wearing a mask for a long time. 

It can be used with various masks that have a two-point connection (elastic ear loops) and fit 

most people. 

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

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

 

[Tip: Use a 0.1mm Snap Grid to move and place the cylinders more accurately. You can also click 

ƻƴ ǘƘŜ ά¦ǎŜ aƛŘǇƻƛƴǘέ ƻǇǘƛƻƴ ƻŦ ǘƘŜ wǳƭŜǊ ¢ƻƻƭΦ] 

Go to Shapes Library -> Design starters and select Rounded Box with 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 insert it the same way on the other side. 
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Group everything together. The final shape should look like this. 

 


