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                                                                 Abstract 

 
 

Rapid prototyping is a relativity new technology and is based on layered 
manufacturing which has similarities to the method an ordinary desktop paper 
printer works. This research is to obtain a better understanding on how to use 
computer graphics software, in this particular case Autodesk Maya, to create a 
model. The goal is to understand how to create a suitable mesh of a 3D model 
for use with a 3D printer and produce a printed model that is equivalent to the 
CAD software 3D model. This specific topic has not been scientifically 
documented which has resulted in an actual 3D model. 
Keywords: 3D printing, Rapid prototyping, Sculpture, 3D, Stereo lithography, 
Layered Manufacturing, CAD, Computer Aided Design, Autodesk Maya, 3D 
Studio Max, Computer Graphics, Dimension printing, SST1200ES, Catalyst EX. 
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1 Introduction 

Art and Design has always been a craftsmanship, such as a sculpture. When the 
computer and the era of Computer Graphics began, a three dimension (3D) sculpture 
could no longer be touched, in the sense, that one never actually creates a hand’s on 
model. When producing an image or a movie, many enjoy working with their hands. 
Now, it is a new era where the artist can transform his/her 3D model into a 3D printed 
physical volume. 3D printing was developed in the 90’s by Massachusetts Institute of 
Technology (MIT), in the United States of America (USA). (1). Thus, it has been 
extremely expensive, and only the larger manufacturing companies could afford it. 
However, technology has advanced and the cost has decreased and there are several 
companies on the internet that focus on printing Graphic Artists 3D models at a decent 
cost. This brings completely new options for all Graphic Designers. (2) Therefore, it 
opens up new approaches and options for schools and universities to offer an 
opportunity to better understanding how students can learn how to utilize this rapidly 
growing 3D technology. It also means that for universities that invest in this 
technology it creates an opportunity for their students to be one step ahead. This is a 
positive thing, since the Computer Graphic field is highly competitive with more and 
more people entering the field faster than the rate of new positions is created. 

 

1.1 Aims of research 

Originally, 3D printing was designed for Computer Aided Design (CAD). However, it 
is now possible to accomplish the same thing with Computer Graphic software. The 
main aim of this research is to obtain a better understanding on how to use Computer 
Graphics software, for this particular case, Autodesk Maya. Maya will be used to 
creation the 3D model which will be used with the 3D printer, instead of using CAD 
software. An attempt will be made in demonstrating this technique by using the 
previous mentioned software. My goal is to understand how to create a suitable mesh 
of a 3D model for use with a 3D printer and produce a printed model that is equivalent 
to the CAD software 3D model. 
 

1.2 Research questions 

This research is dedicated in finding a method, or methods to combine Computer 
Graphic software with rapid prototyping. If it is possible and in order to accomplish 
the task at hand, several questions needed to be formulated and taken into 
consideration. Therefore, the questions that will guide this thesis are as follows: 
 

• What is needed to be accomplished in regards to the 3D mesh in order to 
obtain the best results when 3D printing? 

• What will be the problem areas due to the printing technology? 
• What are the maximum values for mesh resolution? 
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1.3 Expected results 

In the beginning phase of the thesis, it is anticipated that to translate a virtual 3D 
model into a physical real life 3D model, using Autodesk Maya, instead of the 
traditionally used CAD software, was possible. Although, the process of converting 
the geometry from Autodesk Maya into a format that works with a 3D printer, has 
never been scientifically documented. Therefore, by executing this research, a better 
understanding will be obtained of the workflow between the 3D printing process and 
Computer Graphics software, as well as contributing scientific documentation to the 
field of Computer Graphics. 
 
Hopefully when this research is completed, a clear view will be established on what 
works and what does not work in this process. Also, this is important information for 
other Computer Graphic Designers, who can make use of this research in this thesis. 

1.3.1 Anticipated problems and limitations 

During the research, problems will arise, as well as limiting factors that needs to be 
taken into consideration. The expected problems consist of mesh resolutions – how 
much can the system cope with? Concerning the smaller details, this will probably 
pose a limitation in the process of printing for the 3D printer shown in Figure 1. 
Another limiting factor for this thesis is due to the fact that 3D printing is a time 
consuming task, and other projects will be queuing for the printer. Considerations also 
need to be taken to the costs of the 3D printing, as this might become a factor. 
 

 
Figure 1. Dimension SST 1200ES 3D Printer used for printing out the 3D model. 
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2 Theoretical Background  

The main purpose of this theoretical background research is to provide a solid ground 
to understand the process of 3D printing. This will assist Graphic Designers in 
applying rapid prototyping technology into Computer Graphics. 
 

2.1 Previous research 

In the early stages, no information was found that clearly linked any part of the 
Computer Graphics industry with 3D printing. Then, an extensive search was 
performed in “IEEE Xplore,” “Google Scholar,” “ScienceDirect,” and “ACM- Digital 
Library and Journals” which led to the conclusion that no research papers were 
available on the usage of Computer Graphics software and 3D Printing. 
 
Furthermore, the research objectives had to be adjusted, which meant a general 
research was needed to see how a 3D printing process operates. The following search 
terms were used: “Rapid Prototyping,” “3D printing” combined with the following: 
“fundamentals,” “history,” “principles” and “techniques.” 

2.1.1 The creation process 

3D printing works by starting off with a 3D model that is created in a Computer Aided 
Design (CAD) software, such as Autodesk Inventor. (3) After the creation phase of the 
model is completed, it is exported with a format that is readable for the printer system. 
The usual format is “.STL” or if printing with colors a “.VRML” format could be 
used. When the export is completed, the file(s) are uploaded to the 3D Printer and then 
start setting up the printer. Two of the parameters in this setup are the scale of the 
model and the finish. After this is completed, the start button is pressed and all that is 
left is to wait until the finished model is completed. (1) (4). 

2.1.2 The printing process 

The fundamental element of the printing process is that the printer adds material rather 
than removes the material for the final shape, which conventional mills and lathes also 
perform. The model is virtually divided into horizontal slices, or layers.  Each slice 
represents one of the layers that together make the model. How many slices depend on 
how smooth of a finish is required. A smoother finish means more slices, but longer 
printing time, due to more passes. (5). 
 
The printer starts at the bottom of the model and prints the lowest slice to the flat work 
base. After the first slice or level is completed, the printer either moves the work table 
down or the printer head up, depending on the printer in question.  This continues to 
the next slice, and so on, until the complete model is completed. 
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However, there is one problem with this process as the printer can print just about 
everything. Some models will have sections that start in mid air and continues up to 
connect to the rest of the model that started on the bottom. To solve this, there are 
different techniques depending on the printer used. One method is that when the 
printer reads the file, it takes into consideration this issue. As it prints the slices, it 
builds up a temporary support that will work as a starting point for the part that starts 
further up in the work space. When the model is completed, depending on the printer, 
you either break off the support columns, or simply, lower the entire model into an 
acid bath, which dissolves the temporary support material, and what remains is the 
finished model. (4) (1). 
 
The other method is set in motion. When the printer starts printing, it applies a layer of 
powder all over the working table. Then, it prints similar to an ordinary printer that 
applies ink on a paper. The 3D printer applies a hardener in the shape of the first slice, 
where the model should be. After that it adds another layer of powder and continues 
the same procedure again. The advantage of this is that it can use the powder as a 
starting point for objects that starts in mid air. When the model is complete, the 
powder is blown off of areas that have not been mixed with hardener, and what 
remains is the completed model. (1). 

 

2.2 Theoretical findings 

The rapid prototyping has set new rules to the manufacturing process. It benefits both 
the customer and the manufacturer. It saves time and money, and allows the 
manufacturer to present a visually accurate prototype to the customer at a relatively 
cheap cost and with an unmatchable speed of anything else on the market. (4) 
 
As of today, 3D printing is mostly used in the mechanical industry for making 
prototype and different tests. Another area where the 3D printing has shown its 
usage is the medical industry. (1) However as the technology evolves and becomes 
cheaper, the usage of 3D printing technology in the area of designers and artists for 
both commercial and non-commercial usage, will increase rapidly. 
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3 Method 

When choosing the topic for this thesis, the theoretical research was needed. It became 
clear that documentation was needed or some other means to conduct my research, 
due to the lack of existing literature on this specific subject. Below, a new method to 
be utilized in the Computer Graphic field is described. 
 

3.1 Choice of method 

The methods that will be applied on this research thesis will mostly be based on direct 
testing of different methods to process a 3D model’s mesh, in order to make it suitable 
for 3D printing. In previous theoretical writings, no scientific research was available 
on this subject. Therefore, a literature review will be composed to obtain general 
knowledge about 3D printing work flow. 

 

3.2 Description of method 

From now on when the term “system” is used, it will refer to the different components 
in the chain used, which is as follows: firstly, Autodesk Maya; secondly, a plug-in 
called Multitool. (6) This is used in Maya to be able to export the 3D model to an 
.STL-format, which is the most commonly used format, that is compatible with the 
printer; thirdly, a 3D printer (this thesis testing will perform on Dimension 
SST1200ES); and fourthly and finally, Dimension Catalyst EX Software (this 
software translates the STL file into machine code). (7) It is necessary to explain the 
whole chain of execution, in order to explain the different problems that occurred 
during the testing. 
 
There are many steps taken in this study, in order to achieve the stated goals. In 
Autodesk Maya, an existing model will be used in part to save time. Another criteria 
for the model shown is Figure 2, is to have sufficient complexity, which will be 
needed for the final analysis on what the problem areas are and are not. 
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Figure 2. 3D model created in Autodesk Maya. 
 

 
When using Autodesk Maya, the physical laws that governs the real world does not 
have to be taken into consideration. However when using 3D printing, one must abide 
by these laws, due to the requirements, such as “thickness.” Therefore, all the areas in 
a model must have (for the printer to be able to create) a minimum wall thickness. 
This step must be respected; otherwise the model will buckle under its own physical 
weight. 
 
Watertight mesh is a term used in the field of 3D printing. (8) For example: if a 
car bonnet is created, there must be two sides (an inner and an outer side) to create a 
“thickness.”  This can be translated as a “shell.” If there is to be a hole in one of the 
above mentioned sides, and not on the other, the printer will not be able to print. 
Because, in the 3D world we live in, everything has “sides” and thickness; no matter 
how small the object is. 
 
Another step to follow is “Surface Normals.” The Surface Normals in Figure 3 
informs both the computer and the 3D printer whether each individual face, where 
each face has its own normal, is turned inward or outward surface. (9) The previous 
surface will create a void, while the latter surface will create a printable surface. 
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           Figure 3. Surface Normals directions shown by the green lines on the surface. 
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4 Result and Discussion 

For this chapter, the main focus is based on the work that is being accomplished in 
Autodesk Maya, while preparing the 3D model. Although, some of the necessary steps 
in this segment are integrated with the actual 3D printing in the next chapter. 

 

4.1 3D model post process 

A 3D model was chosen that was created previously. The subject is a wireless 
operated demolition robot in Figures 4 and 5. Its area for usage is found in the 
industrial demolition field.  
 

 
 

Figure 4. 3D Model in wireframe in Autodesk Maya. 
 
 
 

First, the different parts of the model were set into the satisfactory and the most 
suitable positions. Then, all the animation tools and constraints that were used to move 
the different components during the animation portion of the process were removed. 
After this, the model was resized in order to make it fit in the 3D printers working area 
(the working area for this specific printer, Dimension SST1200ES, is 254*254*305 
mm). (7)  Then, all of the surfaces were checked to make sure that they had a 
“thickness”, and the ones that were not thick enough, was corrected to a sufficient 
thickness. This was mentioned earlier in the Method’s chapter, as an important step for 
the process. 
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A thorough inspection of the mesh was performed to see if there were any holes or any 
other visual problems. This was a very important measure, in order to make sure that 
the mesh was “water tight.” If it was not, the printer cannot perform the printing 
process. After the inspection, all the different parts of the model were merged into one 
object. This was accomplished to make the file more performance friendly, and thus, 
more manageable to handle.  
 
 

 
 

Figure 5. Upper section of the 3D model. 
 

 
 
Afterwards, the file was exported to a binary .STL format using (Multitool). (6) It 
makes the file more manageable than it would have been using ASCII coding. Then, 
the .STL file was imported into Dimension Catalyst EX. (7) This was necessary 
because the program translates the .STL file to machine code that was readable by the 
3D printer’s guidance system. At this point, different problems occurred where 
Catalyst EX crashed unexplainably multiple times.  
 
After searching for the problem, several holes were found, and there was also some 
Surface Normals that were facing in the wrong direction. The geometry was also to 
“heavy” for that computer to cope with. Then, the holes were corrected, and the 
wrongly faced Surface Normals were reversed. Still, the program continued to crash.  
 
To try to fix this problem, the models was separated into several pieces in Figure 6, as 
an approach to see which part posed a problem for the program. This worked for the 
program, which led to the realization that the computer was the source of the problem, 
rather than the model. To go around this problem, the program was installed on a 
newer computer. Hence, the new computer’s ability to process the file in a fraction of 
the time compare to that of the older computer. 



 

             
 

  10 
   
   

 
 

 
 
 

Figure 6. 3D model in individual pieces. 
 

 
At this point in the research project, the following account will continue with the 
description of the process in the next chapter, for the clarity of the disposition. 

 

4.2 Pre- 3D printing process 

In Catalyst EX, the imported .STL file was ten times smaller than in Autodesk Maya. 
This was a problem created by the Multitool plug-in. However, it was an easy-to-fix 
problem. In Catalyst EX, the measurement system needed to be the same as in the 
program that the file was exported from. In this case, it was millimetres. Also instead of 
the default setting that was scaled 1.0, it was compensate by setting the scale factor to 
10.0. When fixed, three parameters needed to be set, which was layer resolution, model 
interior, and support fill. 

4.2.1 Layer resolution 

The layer resolution deals with the thickness of the layers which was mentioned earlier 
in the Theoretical Background. There are two different options, 0.254 mm, or 0,330 
mm. The thinner the layer, the finer the surface, the longer the printing times, was due 
to more layers. 

4.2.2 Model interior 

The model interior was a parameter that suits the production needs. There were three 
different options: solid; sparse – high density; and sparse – low density. If maximum 
strength was needed, the “solid” option was used, which would take the longest time 
and use the most material. If “sparse” was used, the model would be more fragile, 
however it used less plastic and therefore took less time to print. 



 

             
 

  11 
   
   

 
 

4.2.3 Support fill 

The support fill decides how the support material would be printed. This parameter 
also had options: basic, sparse, smart and surround. The options specifics were the 
same as the previous one. 
 
The options best suitable, from the three parameters mentioned above, for this project 
are as follows: 
 

• Layer resolution – 0.254 mm. This option was chosen, to enhance all the 
fine details. 

• Model interior – sparse - high density. This was chosen on basis of the 
strength for the 0.39 model, and was sufficient for this case. And, it also 
reduced the material usage, which provided faster printing times and lower 
costs. 

• Support fill – Smart. This was developed by Dimension for best results and 
productivity, which was the best alternative. 

 
At this point, all the settings have been configured. And it was time to “add to pack.” 
In other words, Catalyst EX divides the model into the amount of layers that were 
needed, built support and created tool paths. The initial computer was not powerful 
enough to calculate the amount of layers, support material and tool paths. To correct 
this, .CMB file was exported; the advantage with this file was that the model had 
already been divided into layers, support material had been calculated and tool paths 
had been created. With this new CMB file, the model was imported to the not so 
powerful computer that was linked with the 3D printer. Now, all that was left to do 
was press “print.” 

 

4.3 3D Printing process 

A guide has been created on how the actual 3D printing evolved will be presented below: 
 
To begin, the printer had to be prepared and loaded with material. There were two cartridges 
which were shown in Figure 7 below. One was soluble support material, and the other was 
the plastic that would form the model. The latter one had a choice of different colors. The 
cartridge contained plastic thread on a spool. The threads were fed into the printer by two 
tubes that lead to two nozzles. One was for support, and was for the plastic. The plastic was 
heated to a melting temperature inside the nozzles. 
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Figure 7. The two above mention material cartridges. 
 

 
Next, the working area was loaded with a plastic slab that can be seen in Figure 8. The 
slab functions as a printing surface. 

 
 

Figure 8. Plastic slab for 3D printing. 
 
 
The start button was then pressed. The machine started to build the outline of the 
model, as well as the interior in between, using the support material to form a 
foundation. After the foundation was printed, the printer started to apply the plastic 
material at the positions that would make up the model, and support material that was 
necessary for the starting points further up in the model. An example of this can be 
seen in Figure 9. This procedure was repeated until the model was completed. If the 
model was 100 mm high it took 394 passes to complete it, which meant the height of 
the model = 100 mm divided by the layer thickness = 0,254 mm, equals to 394 passes. 
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Figure 9. The printing progress at layer 130 of 260 of the building process. 
 
 

 
When the model was completed, the disposable base plate was then taken out and 
placed in an acid bath, with circulation, in order to keep the same temperature in the 
bath, at +67 degrees Celsius. After approximately 24 hours in the bath, the support 
material was dissolved, and this separated the model from the base plate to reveal the 
finished model which can be seen below in Figure 10. 
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Figure 10. The completed physical real life 3D printed model. 
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5 Conclusion 

 
To answer the questions that guided this research project has been a tremendous 
project. First, and foremost, this problem posed more than just a question. The 
procedure of rapid prototyping had been developed for use in CAD, and not for the 
field of Computer Graphics. Therefore, new approaches needed to be found for 
applying the Computer Graphics workflow, in order to function properly with rapid 
prototyping. 
 
In order to produce any kind of result, every surface must have a thickness. There 
were to be no holes, the mesh needed to be completely “water tight.” And, every 
Surface Normal must be facing in the correct direction. 
 
To enhance the result, the sections that were curved on the model were preferred to be 
oriented in a direction that utilizes the layered manufacturing technology which can 
also be seen below in Figure 11. 

 
Figure 11. Illustration of layer thickness in different directions. 

 
 

Furthermore, the problem areas that were encountered were curved surfaces that were 
curved in the Z-axis. Hence, the problem of the minimum layer thickness at 0.254 
mm, which does not provide enough “steps” on the vertical level (Z-axis). In Figure 
12, the layer thickness can be seen.  
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Figure 12. Layer thickness problem. 
 

 
Another problem area includes surfaces that were too thin. This lead to areas where 
the plastic was applied too thin and could be replaced by support materials. This 
would result in thin areas that could have dents, grooves or even holes in them. 
 
Another important factor was mesh resolution. The heavier the mesh, the slower the 
system would become. If the hardware for Catalyst EX software was not state of the 
art, it would most probably result in a fatal error of the software if “heavy” models 
were used. Any file that passes through Catalyst EX, the 3D printer would be able to 
cope with. 
 
The expected result of this thesis was mixed. I expected to be able to print the 3D 
model, which I did. Several great advantages of the rapid prototyping were discovered. 
Some of the weaknesses of this technology derived from the items above. The rest of 
the “expected results” were met. 
 
 
 

5.1 Further research 

When looking at the findings, I propose for the next research on this subject that it 
would be of interest to explore 3D printing technology with full color support and 
construct the model in such a manner that all parts could be moveable. 
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