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Disclaimer

The materials available in this document and on www.rigid.ink 

website are for informational purposes only. Before engaging in 

any activity mentioned in this document please consult the 

operational manual of your 3D printer. Always operate 3D 

printers in a well-ventilated area. 

Contact details

Please email us with any questions to customerdelight@rigid.ink 

or call +44 (0)1937 589 052
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Why Did We Write This Guide?
3d printing is a revolutionary technology that has a truly vast 

range of applications, and will in some form or another change 

nearly every industry. This may sound grandiose – but the more 

you learn about this technology, the more you’ll understand it’s 

potential. From the home hobbyist to humanitarian aid, from 

product design to primary school, 3d printing uses material 

extrusion technology to innovate, educate and delight. 

We wrote this guide to help anyone interested in 3d printing 

develop a greater understanding of the concepts involved. That 

knowledge can then be used to make informed decisions when it 

comes to getting the most out of the hardware, materials and 

techniques that allow 3d printing to radicalize industries and lives.

Who Is This Guide For?
This guide is for individuals and businesses that are curious about 

3d printing and want to know more about how the technology 

works and how it can be used in their organizations and lives to 

save money, streamline production, innovate existing programs or 

simply provide an example of how technology can educate and 

entertain.
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How Should You Use This 
Guide?
The guide is divided into sections, with each section discussing a 

different aspect of the 3d printing process. You can start at the 

beginning and read each section sequentially or you can skip to 

different sections based on interest and need. 

However, in order to get the most out of this guide, it is 

recommended that you read the entire contents from start to 

finish, taking notes as you see fit. To that end, there is a bullet 

pointed takeaway list at the end of each section that highlights 

and summarizes the salient information covered in that section.
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An Introduction  
to 3d Printing
In this section you’ll learn exactly what 3d printing is, how it was 

developed and you’ll look at some of its initial uses. You’ll also 

learn how the 3d printing industry was revolutionized by the 

development of desktop material extrusion printers and became 

an affordable, available and user friendly technology. Finally, we’ll 

take a look at some of the benefits that come with using a desktop 

material extrusion printer.

In this section: 

• What is 3d Printing?

• How Does 3d Printing Work?

• How Does a FDM Desktop Printer Work?

• A Short History of 3d Printing

• A Word on FDM vs. FFF vs. FFM vs. MEM

• How Does a FDM Desktop Printer Work?

• Benefits of Using a FDM Printer
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What is 3d Printing?
3d printing is a process that creates a tangible object from a 

digital design using additive manufacturing technology. Although 

there are several different 3d printing methods, as well as a 

number of printing materials that are used to create an end result, 

all of the various methods use the same process – a computer 

generated model becomes a real three dimensional object by 

adding layer after layer of material.
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3d printing is a process 
that creates a tangible 
object from a digital 
design using additive 
manufacturing 
technology. 
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Every object created by a 3d printer starts off as a computer 

assisted design or CAD for short. The CAD file is the equivalent of 

any file format used to print information in two dimensions, like a 

JPG file or a DOC file.

Once completed, the CAD file is then processed by software that 

“slices” the design into layers and for each layer determines the 

exact amount of printing material needed at any location on that 

layer at any given time.

After this, the exact printing process differs depending on the 

printing method that is being used. It can vary from a desktop 

extrusion printer using spools of thermoplastic to an industrial 

printer using a beam of electrons to fuse metal wire. However, no 

matter the process used, the idea behind each method is the same 

– an object is built by adding one layer of material on the top of 

another layer.
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To the average person, 3d printing is this almost 

magical technology that seemed to appear out of 

nowhere. In reality, the idea behind 3d printing has 

been around for over three decades.

In the early 1980s, a process called ‘stereolithography’ 

was invented. Essentially, stereolithography, a process 

that is still used today, involves printing one layer of 

material that is UV light curable on top of another layer 

to form an object. It was soon realized that the process 

wasn’t limited to light curable materials, but could be 

used with any material that was capable of changing its 

state from a solid to a liquid and back again. The 

process was patented and 3d printing was born.

Different methods of 3d printing were developed in 

the following years to join stereolithography – digital 

light processing (DLP), selective laser sintering (SLS), 

and, most importantly, fused deposition modeling 

(FDM). 

In 1988, a man by the name of Scott Crump was trying 

to make a toy frog for his daughter using a glue gun 

loaded with a combination of polyethylene and wax 

when he had an idea on how to make the process 

easier. 
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1980s

Stereolithography 

was invented.

1988

Scott Camp has an 

idea while playing 

with daughter.

1989

Crump launches his 

first functional FDM 

printer.

2009

Crump’s patent 

expires and FDM 

printing method 

becomes available 

to everyone.

2010

6000 3d printers 

are sold.

2015

250,000 3d printers 

are sold.
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of 3d Printing 



The end result of that idea was a functional 

FDM printer and in 1989, Crump and his 

wife formed a company called Stratasys to 

market 3d printers. However, the use of 

FDM technology, as well as other 3d printing 

methods, remained on an industrial scale. 3d 

printers cost hundreds of thousands of 

dollars and were effectively out of the reach 

of the average consumer.

This is the situation that existed for 30 years. 

Then, in 2009, the patents on FDM printing 

expired and the technology behind the 

method was available to anyone who was 

interested. In 2008, about 400 3d printers 

were sold worldwide, the vast majority in 

industrial applications. In 2010, the first year 

after the FDM patent expiration, nearly 

6000 3d printers were sold, a number of 

which were desktop FDM printers that could 

be used by anyone. Since then, the number of 

3d printers sold worldwide has steadily 

increased while the price of a desktop 

printer has steadily decreased.

Currently, you can purchase a decent 

desktop 3d FDM printer for as little as $500. 

This increased affordability is reflected in 3d 

printer sales, with nearly 250,000 printers 

sold in 2015. That number is expected to 

double this year.
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A Word on 
FDM vs. FFF vs. 
FFM vs. MEM
Initially, after the patents on 

FDM printing technology has 

expired, the term ‘fused 

deposition modeling’ was widely 

used by different manufacturers 

to describe their products. 

After Stratasys, who had 

trademarked the name, objected 

to its use by other companies, 

alternate terms to describe the 

process began to circulate – 

fused filament fabrication (FFF), 

fused filament modeling (FFM), 

fused deposition method (FDM), 

and melted and extruded 

modeling (MEM). No matter the 

name or acronym, they all do 

essentially the same thing – 

extrude melted thermoplastic in 

layers that are used to construct 

a physical object.



How Does a FDM 
Desktop Printer Work?

Many people have the misconception that 

3d printing is a complicated process. In 

reality, FDM printing is relatively 

straightforward. The process begins by 

using computer aided design software to 

design a digital model of what you want to 

print. Currently there are a number of 

entry level CAD programs available that 

are easier to use than you think. 

Alternatively, you can hire someone to 

design an object for you or you can 

purchase a CAD file of a finished design

Once you have your design, you use what is 

known as printer software to slice your 

design into multiple levels. Imagine a series 

of 2D images, stacked on top of each other 

– almost similar to image files a regular 2D 

printer would use. The software will specify 

what needs to be done on each level in 

order to construct a physical object based 

on your design from the bottom up. You 

then take you software file and use it to 

have your printer produce the object that 

you want.
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THE PROCESS:

1. Design a 
digital model 
with computer 
aided design 
software. 

2. Slice design 
into multiple 
levels using 
printer 
software. 

3. Printer prints 
from software 
files.



In general terms, a desktop FDM printer consists of three 

sections or parts. A feeder mechanism takes thermoplastic 

filament and feeds it into a heated print head. The heated 

thermoplastic is then extruded out through a print nozzle on the 

end of the print head onto a print surface located on the print bed. 

The print head uses the printer software program to move in 

three directions, left to right, front to back and up and down, 

slowly depositing layers of the thermoplastic filament onto the 

print surface to produce the object.
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THE BENEFITS 
of Using an FDM Printer
There are several distinct benefits that come from using a desktop FDM printer. Let’s 

take a look at some of them.
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Cost

As was previously discussed, the cost 

of a desktop FDM printer has 

decreased dramatically since 2009 

and continues to do so. A starting 

model that would be perfect for 

someone starting out comes in at 

around $500. A high end model with 

better detail, reliability or most 

varied material compatibility runs 

about $3500. When you compare 

these prices to the cost of a 

comparable 3d printer just 10 years 

ago, the difference is striking.

Ease of Use

Desktop FDM printing is not only 

getting cheaper, it is also getting 

easier. The principles involved are 

relatively simple, as are the methods. 

While not quite a plug and play 

solution, anyone who enjoys 

mechanics and technology is going to 

use and enjoy FDM printing.

- 1 - - 2 -
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Availability of CAD and Printer 

Programs

There are a number of CAD and 

printer programs available online to 

assist on the design end of things. 

Many of these programs are free and 

those that charge a fee for use 

remain affordable. They are also very 

easy to use, so the average person 

can sit down and within a very short 

period of time design an object of 

their very own that can then be 

produced.

Affordability of Materials

Some of the greatest advances in 

FDM printing are coming from the 

manufacturers of the thermoplastic 

filaments that are used as the 

primary printing materials. There are 

an extensive number of printing 

materials to choose from and every 

year the number of choices to the 

consumer grows. In addition, the 

majority of these materials are 

extremely affordable, making FDM 

printing that much more attractive to 

the masses.
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KEY 
POINTS

• 3d printing is process that creates a tangible object from a 
digital design using additive manufacturing technology.

• The idea behind 3d printing has been around for over three 
decades.

• Different methods of 3d printing were developed over the 
years, including stereolithography, digital light processing 
(DLP), selective laser sintering (SLS), and, most importantly, 
fused deposition modeling (FDM).

• Until recently, the use of FDM technology, as well as other 3d 
printing methods, remained on an industrial scale with prices 
far out of reach of the average consumer.

• Many people have the misconception that 3d printing is a 
complicated process (it really isn’t). 

• The FDM printing process consists of the following steps:

• Computer aided design of an object.

• Use of printing software to “slice” the object into layers.

• Use of a FDM printer to construct the layers of the 
object per the specifications of the printing software.

• An FDM printer consists of the following general parts:

• Thermoplastic printing filament.

• A feeder mechanism that moves the filament into a 
heated print head.

• A print nozzle that extrudes viscous filament 
material onto a print bed.

• The benefits of using a desktop FDM printer include:

• Affordability.

• Ease of Use.

• Affordability and variety of print materials and

• Widely available software.
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An Introduction to  
FDM Printing Filaments
There are a wide variety of thermoplastic filaments that can be 

used by a FDM printer to produce the objects that you wish to 

print. Every filament has its own characteristics that lend 

themselves better to certain situations. 

In this section, we’re going to take a look at some of the most 

common materials available on the market today, learning what 

they are and what properties they possess, so that you can make 

an informed decision about what type of printing filament is right 

for you.

In this section: 

• A Quick Primer on Thermoplastic Filaments

• The Big Two: PLA & ABS

• Speciality Printing Materials
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In general, all FDM printing filaments are made of plastics which 

are either polymers or copolymers. Polymers are made up of long 

chains of molecules of the same substance. Copolymers are made 

up of long chains of molecules of two or more substances. They 

are complex substances specifically designed to act in certain 

ways when exposed to certain environments.  

This means that all FDM printing filaments that are plastic are 

also thermoplastics, which means they soften and flow when 

exposed to heat and re-harden when cooled. This is why they are 

used as printing materials in 3d extrusion printers.

Not all 3d printing filaments are created equally. Quality filament 

depends on two things – the quality of the materials used to make 
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the filament material and the quality control measures that are 

taken before and after the filament is produced. Keeping 

contaminants out of the production process is important in 

achieving a high quality end result. 

Contaminants in the filament can change the way it reacts to the 

environment, effectively altering the design parameters and 

causing it to melt and flow at undesirable or unpredictable 

temperatures. 

Carefully monitoring filament diameter after it has been produced 

is also critical to quality control. A spool of filament must keep as 

close as possible to its specified diameter all along its length. 

Excessive deviation from this diameter will cause the filament to 

melt unevenly as it is being used which, in turn, will cause clogs in 

the print head and extrusion problems that will affect the look and 

utility of the object being printed. Make sure that you only use the 

highest quality filament when you print, manufactured to specific 

tolerances with sufficient quality control procedures in place. 

Now onto an overview of the common filament types available 

today.

Out of all the materials that have been used in desktop 3d printing 

over the years, none have been more popular than PLA and ABS. 
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Not all 3d printing filaments are created equally. Quality 

filament depends on two things – the quality of the 

materials used to make the filament material and the 

quality control measures that are taken before and after 

the filament is produced.



Let’s take a look at each of them to find out why they’re so 

popular.

PLA

PLA, or Polylactic Acid, is a biodegradable, environmentally 

friendly thermoplastic that is manufactured out of natural 

substances, usually corn or sugarcane. You’ve probably already 

encountered PLA in your home since it is used to make everything 

from garbage bags to disposable cutlery and plates. 

PLA prints at relatively lower temperatures than other printing 

materials (160C – 180C). Even though it is biodegradable, it 

remains a strong and durable material, albeit brittle, capable of 

being used in a wide variety of projects. PLA is available in wide 

variety of colors and is not readily soluble.

ABS

ABS, or Acrylonitrile Butadiene Styrene, is a thermoplastic that is 

manufactured from petroleum. You are probably already familiar 

with ABS, since it is the material used to manufacture LEGOs. 

ABS is stronger than PLA and offers more impact resistance. 

It also has a significantly higher printing temperature (230C – 

250C) that can cause you to experience adhesion problems if 

you’re not using a proper print surface and a heated print bed 

(90C recommended). Like PLA, ABS is also available in a wide 

variety of colors and is soluble in acetone.
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Once you move beyond PLA and ABS, there is whole realm of 

specialty printing filaments available for a variety of different 

uses. In general, some of these materials may be not as forgiving 

as the Big Two, but their ability to produce some remarkable 

printed objects makes the slightly steeper learning curve worth 

the price.

PETG

PETG is Polyethylene Terephthalate (PET), the stuff that plastic 

bottles are made of, that’s been modified with glycol to make it 

more durable and more flexible. An object printed with PETG will 

be very strong but, at the same time, it will have a bit of flex to it. 

You may be able to bend it, but it will be very hard to break it. 

PETG is transparent and has a printing temperature of around 

220C-235C. It has no odor when printing and produces an end 

result that has a marvelous finish. In addition, PETG is a great 
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material to print with because it shrinks very little when cooling, 

so objects printed with PETG will experience very little warping.

PMMA

PMMA, or polymethyl methacrylate, is a strong, lightweight and 

transparent thermoplastic. Generically PMMA is known as acrylic 

and is marketed under various brand names, such as Plexiglas, 

Lucite and Perspex. Widely used as an alternative to glass in 

applications where more strength and durability is needed, 

PMMA has significantly higher impact strength than glass. It also 

has half the density of glass but is comparable in clarity and UV 

absorption. PMMA comes is widely used investment casting to 

produce patterns that can be used as molds for metal objects and 

parts. PMMA has a printing temperature from 235C to 255C is 

soluble in acetone.

Polycarbonate

Polycarbonate or PC is an extremely strong, lightweight and 

transparent thermoplastic. Marketed under the trade name 

Lexan, it is used to make products as varied as CDs and DVDs, 

bullet proof glass, riot gear, sunglass lenses, scuba masks, 

electronic display screens, phone and computer cases and much 

more. Polycarbonate has a very high impact strength, far greater 

than glass and more than ten times that of an acrylic material like 

PMMA. At the same time, it has less than half the density of glass, 

but with comparably high level of transparency. In fact, 

polycarbonate transmits visible light better than many kinds of 
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glass. With polycarbonate you get a strong and durable material 

that can carry weight and survive rough handling, but is also 

flexible enough to withstand tensile forces that shatter, deform or 

break other materials. Polycarbonate has a printing temperature 

of 260C to 300C and is soluble in dichloromethane.

ASA

ASA, or Acrylonitrile Styrene Acrylate, is a cousin of ABS that 

offers the strength of ABS along with UV and overall weather 

resistance. This makes ASA a great choice for any object that has 

an outdoor application or will be exposed to weather. ASA has a 

printing temperature of 235C to 255C and offers a finish similar 

to PLA.

Nylon

Nylon is a substance that nearly everybody is familiar with. 

However, what is not as well-known is that nylon is an excellent 

FDM printing material. It offers excellent strength and durability 

while, at the same time, it is exceedingly versatile. It can be printed 

very thin to allow for flexibility and not lose its strength and ability 

to stand up to wear and tear. It also has a low friction coefficient 

with a correspondingly high melting temperature. This makes it an 

excellent choice for prototypes and moving parts of all kinds. 

Nylon has a printing temperature of 255C to 275C.
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TPU

TPU, or Thermoplastic Polyurethane, is an extremely flexible and 

durable extrusion printing material. Its flexibility and elasticity 

make it an excellent choice for belts, springs, and phone cases. 

TPU is also very resistant to abrasion, as well as grease, oil and 

wide variety of solvents. This makes it an excellent choice for 

industrial applications as well. TPU has a printing temperature of 

210C to 230C.

Soluble Support Materials

A 3d printer starts printing an object from the bottom up. This 

means that if you have a design that incorporates overhangs, 

upper areas in your model that don’t have any underlying material, 

you’re going to run into problems. After all, your printer filament 

is subject to the law of gravity. It can’t be extruded onto thin air.

Soluble support materials solve this problem by providing the 

support medium for these overhangs. Your printer first lays down 

a layer of support material underneath the area where the 

overhang will be. Once the support printing filament is in place, 

your printer is able to continue laying down the upper levels of 

your model. By using support filament, you avoid the warping or 

total collapse that would occur if the filament wasn’t there.

Once the job is finished, you place the object in the solution that 

will dissolve the support material. What’s left is a complex object 

that otherwise would have been impossible to produce.
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PVA

PVA, or polyvinyl alcohol, is a strong, non-toxic and biodegradable 

printing material. IT has a high tensile strength and is flexible. 

However, it’s most important characteristic is that it is water 

soluble. The ability to dissolve in water means that PVA is widely 

used commercially in everything from laundry and dishwater 

detergent packs or pods to eye drops. 

In 3d printing, PVA’s water solubility makes it an excellent tool for 

provides support to objects that include intricate detailing or 

involve overhanging features. Once the object is finished printing, 

you simply submerge it in water for a couple of hours. The PVA 

dissolves away completely, leaving you with sharp, clean lines on 

the overhanging areas of the object that you’ve created. PVA has a 

printing temperature of 190C to 210C.

HIPS

HIPS, or high impact polystyrene, is a 3d printing material that is 

strong, durable, non-toxic and recyclable. An important 

characteristic of HIPS is that it is soluble in Limonene, an easily 

obtainable solvent that is derived from the skin of lemons. This 

means that like PVA, HIPS can act as a support material for 

objects with detailing or involving overhanging features. A printed 

object using HIPS for support can be submerged in Limonene and 

emerge 24 hours later with the HIPS fully dissolved. 

HIPS also makes an excellent printing material in its own right. It is 

harder and stronger than either PLA or ABS, but is just as easy to 

use. This makes HIPS an excellent choice for mockups and 

prototypes. HIPS has a printing temperature of 230C to 240C.
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• There are a wide variety of thermoplastic filaments that can be 

used by a FDM printer to produce the objects that you wish to 

print.

• All FDM printing filaments that are plastic are also 

thermoplastics, which means they soften and flow when 

exposed to heat and re-harden when cooled.

• Every filament has its own characteristics that lend themselves 

better to certain situations.

• The two most popular printing filaments are:

• PLA a biodegradable, environmentally friendly 

thermoplastic that is strong, durable but brittle and 

prints at a relatively low temperature, and 

• ABS a thermoplastic derived from petroleum that is 

stronger than PLA and offers more impact resistance 

and prints at a considerably higher temperature.

• Once you move beyond PLA and ABS, there is whole realm of 

specialty printing filaments available for a variety of different 

uses.

• These specialty filaments include:

• PETG, PMMA, Polycarbonate ,ASA, Nylon and, TPU

• Soluble printing materials solve the problem of printing 

overhangs and fine details by providing support to the portion 

of the object that requites it and then easily dissolving away in 

solution.

• Soluble printing materials include: PVA and HIP.
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An Introduction to FDM 
Printing Techniques
In this section, we’re going to take a look at some FDM printing 

techniques, or you could say best practices. These are things that 

everyone, beginner to expert, should be doing each and every 

time that they print. We’ll look at everything from the importance 

of completely understanding how your printer works to 

recognizing and solving some common 3d printing problems.

In the section: 

• Choose the Right Printer

• Understand the Printer You Choose

• Understand the CAD Process

• Understand Slicer Programs

• Understand the Materials

• Potential Problems & Solutions
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Choose the  
Right Printer
If you’re interested in 3d printing, and are thinking of getting your 

own printer, or if you’re an experienced printer who is considering 

an upgrade, there are a couple of things that you need to consider. 

Selecting the right printer for your skill level and your printing 

needs goes a long way to making 3d printing an enjoyable and 

rewarding process. In fact, choosing the right printer for the job is 

the first printing technique that everyone needs to master.
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SLA vs. FDM

In general, consumer level 3d printer technology comes in three 

different flavors – stereolithography or SLA, selective laser 

sintering or SLS and fused deposition modeling or FDM. All three 

technologies use a CAD file to produce a three dimensional 

object, but they accomplish this task in different ways.

SLA focuses a UV laser onto a tank of photopolymer resin. The 

light cures or hardens the top layer of the resin, building the 

object from the top down. SLA produces high resolution objects 

with extremely smooth finishes. However, that resolution and 

finish comes with a price. Consumer level SLA printers start at 

£3000.

FDM uses spooled thermoplastic that is fed into a heated printing 

head. As the thermoplastic moves through the print head it begins 

to melt. The print head then moves across the print surface laying 

down a layer of extruded thermoplastic. As the process continues, 

the object being produced is built up one layer at a time. 

Consumer level FDM printers start at £400.

In general, FDM printers are not only more affordable, they are 

also somewhat more approachable from a beginner’s standpoint. 

Yet at the same time, there are a variety of more sophisticated 

printers that are attractive to individuals with intermediate and 

expert 3d printing skills. 

In addition, there are a wide variety of FDM printing materials 

available (a number that is growing on a regular basis). These 

factors, along with an active online FDM printing community that 

is an excellent knowledge based resource, it appears that FDM 

printing technology trumps SLA, at least for the time being.
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Build Volume, Speed and Resolution

When you’re looking at 3d printers, you should be thinking in 

terms of size, time and quality. In other words, how big of an 

object can this printer produce, how long will it take to print and 

what will the object look like when it’s finished. On paper, these 

values are referred to as build volume, speed and resolution.

In general, the larger the build volume, the faster the speed and 

the higher the resolution, the bigger the price tag on the printer. 

So, while you probably want to try and optimize these values, keep 

your budget in mind, as well as what types of objects you will 

primarily be producing.

Build volume isn’t really an issue if you are going to be printing 

household sized objects or if you can print a larger item in pieces 

and then glue them together. Yes, it is nice to have the extra room, 

but not if you’re not going to be using it on a regular basis it may 

be a luxury that you can afford to forego.

3d printing is a relatively slow process. As the technology 

advances, so does the speed, but print rates of 50 to 100 mm/sec 

are pretty much the average. Some printers offer speeds of 150 

mm/sec or greater, but keep in mind that faster speed comes with 

a reduction in quality. 

On the whole, you want to be able to print an object as quickly as 

possible. However, in the end, speed will often take a backseat to 

having a beautiful and useful end result. Keep this in mind when 

choosing your printer.

In 3d printing, resolution is a factor of the size of the print nozzle 

and the accuracy of the step motors that move the print head and 
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nozzle from point to point to produce the printed object. The 

smaller the diameter of the print nozzle and the higher the 

accuracy of the step motors, the higher the print resolution will 

be. 

This is largely because smaller diameter nozzles and accurate 

motors allow for thinner extruded layers to be used in building up 

the object. These thinner layers give the objects a smoother finish 

and a less blocky look that it would have had if thicker layering 

was used.
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Budget

This is an important consideration, since FDM printers can range 

in price from a couple of hundred to a couple of thousand dollars. 

Obviously, more expensive printers come with additional features. 

However, more money does not always equal a better printer. 

Depending on your experience and what you plan on doing, a less 

expensive printer can sometimes be a wiser choice.

Experience

Is this this your first 3d printer or have you previously built or 

owned a printer? Do you like to tinker and adjust settings and 

parts or do you want a printer that’s more of an “out of the box” 

solution? The answers to these questions are important if you 

don’t want to find yourself in over your head with the printer you 

select or, alternatively, find yourself limited in what you’re able to 

do by a printer that’s not up to your level of expertise.

Purpose

What are you going to use the printer for? Are you going to mostly 

print small objects or are you planning on producing larger 

prototypes. Are you an RC modeler or a role player who’s going to 

be producing pieces of armor? Are you using the printer as a 

hobbyist, professionally or both? The intended purpose of the 

printer is an important factor in helping to decide what printer is 

right for you.
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Users

Who is going to be using the printer? You in a maker space that’s 

well equipped and ventilated or a bunch of primary school kids in 

a classroom? The type of printer you choose not only depends on 

what you plan on doing with it but also on who is going to be using 

it. Safety and liability concerns need to be taken into account 

before you buy.
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If picking the right printer for your 

needs and experience is the first 

important printing technique that 

needs to be developed, then 

understanding how the printer you 

chose works is a close second. You 

can’t expect to get the most out of your 

printer if you don’t fully understand 

every aspect of how it operates. This 

means that you have to read the 

manual that came with the printer. 

You have to be completely clear about 

the purpose of every part and 

understand how to make all necessary 

adjustments. Your printer is a complex 

machine. Like all machines, its ultimate 

performance will depend on how well 

you understand how to operate and 

maintain it.
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Understand the  
CAD Process
The essence of 3d printing is turning a digital design into a 

physical object. That’s why having a good grasp of how the 

design process works is an essential technique for anyone 

who wants to produce beautiful and functional objects. It 

doesn’t matter if you’re printing out an object from a file 

that someone else designed, making changes to an open 

source file to suit your needs or designing your own object 

from the ground up. It is the design process that is the 

foundation upon which everything else is built.

In general, when it comes to design and modeling an object 

for printing, there are three main categories of software to 

be aware of – CAD tools, 3d modeling and 3d sculpting. All 

three have their appropriate uses depending on the end 

result that you’re aiming for.

CAD tools, for the most part, are used to develop 

geometric designs, while 3d modeling and sculpting 

software is used to produce more organic forms. The 

three types of design software are not mutually exclusive. 

In fact, an object could be initially designed using CAD 

tools and then use 3d modeling software to give the initial 

design the desired look or function.

CAD tools and modeling software are widely available 

online in free and affordable versions that are directed 

both to the beginner, as well as the more experienced user. 
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Tinkercad is a browser based 3d design program that is excellent 

for beginners. If you have a little more design experience under 

your belt you might want to try FreeCAD. FreeCAD is more 

robust than Tinkercad and is built for product design and 

engineering.

If you want to make the most of your 3d printing experience, you 

awe it to yourself to use these tools to take your modeling, and 

the objects that you create from those models, to the next level.
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Understand  
Slicer Programs
A slicer is a piece of 3d printing software that takes a digitized 3d 

model and converts it into printing instructions that your printer 

can then use to turn the model into a physical object. In essence, 

the slicer takes the CAD model and “cuts” it into layers. It then 

calculates how much material needs to be used for that layer, 

where the material should go and how long it will take. It then 

converts all of the information for each layer into one GCode file 

which is sent to your printer. You set up the job and, viola! 

Sometime later you have a physical representation of the 3d CAD 

model.

There are some great slicer program resources available at low or 

no cost to the user. Slic3r is a sophisticated piece of open source 

software developed by the RepRap community. It’s constantly 

being updated and contains nearly all the vital features that you’ll 

need in a slicer program. Cura is another free slicer program 

developed by the 3d printing company Ultimaker. You can use 

STL, 3MF, and OBJ file formats and the software will also repair 

those files if needed. It will also show a toolpath, printing time and 

material estimates.

As you can see, the slicer plays an integral role in helping turn your 

3d ideas into reality. Therefore, how you use the slicer, specifically 

how you use the settings, is often a critical difference between 

printing success and failure. 
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Understand  
the Materials
In the previous section, we looked at an overview of some of the 

more common materials that are available for use in FDM 

printing. We also touched on the importance of using only high 

quality materials when you print. That point is going to be 

reiterated here as a key technique used in obtaining the best 

possible results out of your printer.

Your finished object can only ever be as good as the materials you 

used to produce it. Think of a house. It can have a beautiful and 

innovative design, but if it is constructed with shoddy materials its 

potential is lost. It will never be more than the least of its 

elements.

The same holds true in your printing. The best design in the world 

cannot overcome inferior materials. You must always build with 

the best materials available to you. Furthermore, you must fully 

understand the properties of those materials so that the object 

you print functions as it was designed to function. A beautiful and 

functional object is born from good design and quality materials 

selected for the correct properties for the job.
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Problems & Solutions
3d printing is exciting precisely because it is a 

growing and innovative technology whose full 

potential has yet to be realized. The idea that 

people in the future could routinely use a 3d 

desktop printer in much the same way that they 

use a 2d printer today is astounding. However, 

while constantly becoming more user friendly, 

3d printing remains somewhat complicated. 

You have to be prepared to deal with those 

complications, understand the problems that 

can arise and be prepared to solve them. One of 

the most important printing techniques to 

develop is the knowledge necessary to resolve 

issues as quickly and easily as possible. Here are 

a few of the most commonly encountered 

potential problems along with their solutions
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Build Plate Adhesion
Most 3d printers come with a print bed that is made of glass of 

aluminum. Both of these materials are quite durable and relatively 

impermeable. Therein lays the problem. Glass and aluminum, by 

themselves, both have extremely smooth surfaces. This smooth 

surface offers the print material very little purchase to grab onto. 

As a result, the material tends to resist adhering to the surface of 

the print bed. This can lead to movement of the initial print layers 

or warping of the material as it cools.

Heated print beds have tended to somewhat reduce this problem, 

especially for materials with a lower printing temperature like 

PLA. However, even a heated bed does not eliminate all adhesion 

problems all the time, especially for materials that need a higher 

printing temperature, like ABS. The solution to the problem is to 

find a build plate surface that will provide greater adhesion for the 

print material to hand on to as the job progresses. Here are a few 

things that you can try to improve adhesion.

• Hairspray - Hairspray was a great solution to adhesion 

problems back when most printers didn’t have heated beds. 

Today, not only do most printers have heated beds but 

hairspray is a mess to use. It gets on your printer, it’s a pain 

to clean up and you have to reapply it for every new print 

job. We recommend you go with different adhesion 

solution, but if you’re set on trying hairspray, make sure you 

choose one that’s extra hold and contains plenty of vinyl, 

acetate and copolymer.
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• Painter’s Tape - Blue painter’s tape is an easy way to give 

your build plate surface more adhesion, especially if you’re 

using a material with a lower print temperature like PLA. 

Because it is easy to remove at the end of a job, many 

people apply it directly to the surface of their print bed. It is 

easy to apply, mainly because it can be easily placed and 

replaced, over and over, to ensure that it lies evenly with no 

bubbles and with tight seams between rows. 

• Pritt Stick - Pritt stick is another great way to get adhesion 

on your build surface. It works well with both our PLA and 

ABS and it’s neat and easy to use to boot. You simply apply 

a layer of the Pritt stick to a 1.5mm piece of glass cut to the 

shape of your print bed (or your print bed itself, if the 

surface is already glass).  
 
Let the glue air dry and then attach the glass to your print 

bed using clamps or an adhesive. Double sided tape works 

well. Heat your bed to the proper temperature, as normal 

and wait about 30 minutes before beginning your print job.

• Buildtak - Buildtak is a thin plastic material that self-

adheres to the build surface. Buildtak comes in 13 different 

sizes, so finding a size that fits your build surface shouldn’t 

be an issue. It comes with a self-adhesive backing that can 

be somewhat easily applied to the build surface.  
 
As always, make sure that the build surface is leveled after 

installation. Buildtak works with both PLA and ABS, as well 

as more exotic materials like HIPS and PET and users 
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report that you can expect to get about 50 to 100 hours of 

use out of one Buildtak sheet.

• PEI - PEI, or polyetherimide, is a thermoplastic that 

provides a good build plate surface adhesion solution for a 

wide variety of printing materials, including both PLA and 

ABS. It is extremely heat resistant, performing well in 

temperatures up to 170C. It is also reusable, relatively 

inexpensive and requires almost no maintenance between 

print jobs, other than a wipe down with an isopropyl alcohol 

and water solution.
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Clogged Print Nozzle

If you’re extruding thermoplastic on a regular basis, sooner or 

later you’re going to run into a clogged print nozzle. Some of the 

common causes of a clogged print nozzle include:

• Incorrect Nozzle Height – If the nozzle is too low the 

insufficient room between the nozzle and the surface will 

begin to cause the retrograde extrusion – the material will 

begin to back up into the nozzle, ultimately causing a clog. 

The easy fix for this problem is to make sure that your print 

bed is leveled correctly and that your starting Z coordinate 

are sufficient to allow adequate room for proper extrusion.

• Incorrect Printing Temperature - If the temperature of 

your hot end is too low, your print material will not melt 

correctly. This can cause the material to begin to adhere to 

the inside surface of the nozzle. This causes pressure to 

build up in the print head. Eventually, the extrusion motor 

can’t feed the filament into the head and a clog forms as a 

result. You can avoid this problem by always checking to 

make sure that your printing at the recommended 

temperature for the material that you’re using.

• Poor Quality Filament - Low quality filament is not 

subjected to rigorous tolerance tests. This can result in an 

end product that has differing widths throughout the 

filament strand. Segments of the filament that have a 

thicker diameter will not only take longer to melt, they will 

also be more difficult to extrude and may cause a clog.  
 
To avoid this, take a pair of calipers and check the diameter 
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of your filament at several different points. If you’re finding 

significant deviation from the advertised diameter 

specifications, it might be time to start thinking about 

obtaining your filament from a different source. 
 
It’s surprising the amount of issues with 3D printing that 

can be remedied with better quality filament. It’s worth 

testing for yourself the difference. 
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Print Defects

When you’re printing a number of things can occur to produce 

defects in the surface and structure of the object that you’re 

trying to produce. Here are a couple of the more commonly 

encountered print defects, along with what you can do to avoid 

them from happening.

• Warping – Warping occurs when an object is cooling after 

printing. Cooling, as you know, causes contraction and this 

contraction causes stress along the object’s lateral 

surfaces. The quicker the cooling occurs, the greater the 

stress on the object. This stress is greatest at corners 

where two sides meet. There, the pulling stress exerted on 

both sides causes the corner of the object to deform and 

pull up and inward. The result is not pleasing to the eye and 

usually makes the object unusable.  
 
Warping can be avoided by using a heated print bed set to 

the proper temperature for the material you’re using, 

increasing your build pate adhesion to prevent corners of 

an object from lifting and eliminating drafts from the room 

that you’re printing in.

• Stringing – Stringing occurs when your object has thin 

strands of material where no printing should be occurring, 

usually across spaces where the print head has traveled 

from one printing point to another. It can be avoided by 

adjusting your print settings to retract the filament further 

into the print head when it’s moving from one print point to 

another and by lowering the printing temperature of your 

hot end.
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• Pillowing – Pillowing occurs on the top surface of an 

object. It looks like there are gaps in the surface layer, along 

with little bumps or pillows. In general, pillowing is caused 

by a top layer that is too thin and/or improper cooling of 

that layer.  
 
It can be avoided by increasing the thickness of the print 

material on the top layer of the object and by ensuring that 

the cooling fans on the print head are operating correctly 

and are pointed at the object.

• Splitting - Sometimes a print job will develop a split or 

crack along one of its sides at a point where everything 

seemed fine before. Splitting occurs when one layer of print 

material bonds inadequately with another layer. When this 

happens, as the object cools, a split or crack occurs 

between the two inadequately bonded layers.  
 
You can prevent splitting from occurring by adjusting your 

printer settings to decrease the height of your print layers 

(in general, make sure that your layer height is about 20% 

smaller than your print nozzle diameter) and by slightly 

increasing your printing temperature to ensure better 

adhesion between the layers.
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• FDM printing techniques or best practices, are things that 
everyone, beginner to expert, should be doing each and every 
time that they print.

• These best practices include:

• Choosing the right printer, taking into account

• The price of the printer in comparison to your budget, 
Your level of experience, The purpose of the printer, 
and The users of the printer.

• Understanding how to use the printer you choose.

• Understanding the design process by becoming familiar 
with the three main design tools:

• CAD, 3d modeling, and 3d sculpting.

• Understanding the materials you’re using to print the 
objects you design, including:

• Understanding the importance of material quality as it 
relates to final results, and

•  Understanding the properties of those materials so that 
the object you print functions as it was designed to 
function.

• Understanding potential printing problems and their 
solutions, including:

• Insufficient build plate adhesion which can be solved 
by: Hairspray, Painter’s Tape, Pritt Stick, Buildtak, and 
PEI

• Clogged print nozzle which can be prevented by: 
Correcting the height of the prints nozzle, Printing at 
recommended printing temperatures, and Using 
quality printing filament.
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• Printing surface defects, including:

• Warping, which can be prevented by using a heated 
print bed and increasing bed adhesion

• Stringing, which can be prevented by increasing the 
retraction setting and lowering printing temperatures

• Pillowing, which can be avoided by increasing the 
thickness of the top layer and checking the cooling fans, 
and

• Splitting, which can be prevented by decreasing the 
height of the print layers and slightly increasing the 
print temperature.

47



What’s Next?
We hope this guide has been useful for you. To find out more, 

please visit our blog, where you’ll find a wealth of useful, detailed 

articles on specific aspects of 3D printing. 

If you have questions on 3D printing, or anything related to 

filaments, please contact us and we’ll be happy to assist. Or if 

you’ve not tried rigid.ink yet, feel free to order a free sample 

before purchasing to compare it with other filaments. 

Thanks,

Rigid Ink Team 
www.rigid.ink 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Copyright © 2016 by rigid.ink Ltd. 
All rights reserved. This ebook or any portion thereof 
may not be reproduced or used in any manner whatsoever 
without the express written permission of the publisher  
except for the use of brief quotations in a review.

Permission is granted to download and print materials from this 

ebook, or our website for the purpose of viewing, reading and 

retaining for reference. For any other purposes, written consent 

from rigid.ink must be obtained or use is strictly prohibited. 
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