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1. Introduction 

3D printers is a hot topic nowadays. For the general public, it is now 

possible to manufacture almost everything, as huge and hard as a house, or as 

small and soft as a delicious meal. For engineering staff with professional 

knowledge, however, it is a machine applying one of the so-called rapid 

prototyping technologies, which are inspired by photosculpture and landscape 

prototyping technologies dating more than 100 years back, and evolving rapidly 

during the last decades. In the past a 3D printer was usually used in mold 

manufacturing, industrial designing and other fields to make the model. It is now 

being increasingly used for direct manufacturing of some products, which means 

that the technology is becoming popular. The 3D printing technology is said to 

be “the idea of the century before the last, the technology of the last century, 

and the marketplace of this century”. 

In this report, the background and history are introduced firstly in section 1. 

Then, applications and related techniques are presented in section 2. 

Furthermore, the data formats of 3D objects and conversion methods between 

different formats are discussed in section 3. Next, in section 4, some 

considerations when using the 3D printer “MakerBot Replicator 2”, as well as 

some printed models are discussed. Finally comes the conclusion. 

1.1 Background 

In the traditional manufacturing, and machining in particular, a piece of raw 

material is cut into a desired final shape and size by a controlled material-

removal process. Such processes that have this common theme, controlled 

material removal, are today collectively known as subtractive manufacturing.  

In contrast to traditional manufacturing, additive manufacturing refers to any 

process that adds on layers instead of cutting them away. That is a process 

where successive layers of material are laid down in different shapes and a 
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three-dimensional solid object of virtually any shape is the result of such an 

accumulation process. The 3D Printing is a form of additive manufacturing. The 

3D object has to be described as a 3D digital model before manufacturing and 

the model is sliced into many thin layers electronically by the 3D printing 

software. When a 3D printer is printing, the object is formed one layer after 

another according to the sliced model. The diagrams in figure 1 show the 

process.  

  
(a)                (b)               (c) 

Fig.1 Illustration of the 3D printing principle. (a) The 3D 
model designed in a CAD software; (b) The object is printed 
layer by layer; (c) The final object is the result of an 
accumulation process. (The real object produced by 3D 
printer will have a much smoother surface than that shown 
in (c)). 

Since the start of the twenty-first century there has been a large growth in 

the sale of 3D printers, and the price has dropped substantially. In the past 

decades, with the advent of 3D-printers, the creation of 3D objects has become 

much more accessible – now even hobbyists, artists and small businesses can 

afford their own machines. 

1.2 History of 3D printing 

3D printing has been developing for almost 30 years, and during that period 

a few different 3D printing technologies were invented. 

 The Invention of "Stereolithography"  (SLA) 
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In 1984 a machine called Stereolithography (SLA) is invented by its 

developer Charles Hull. The machine used lasers to heat and merge layers of 

resin together to create a three dimensional object. The diagram in figure 2 

shows this method. In 1986 he patented his idea and formed 3D Systems, who 

in turn developed the "Stereolithography Apparatus". The machine was a 

prototype and very few were manufactured. Later an improved model was put 

on sale to the public in 1988, the SLA-2502. 

 
Fig. 2 The method of heating and merging layers of resin 
together to create a 3D object.[1] 

 The invention of Selective Laser Sintering (SLS) 

Selective Laser Sintering (SLS) was developed and commercialized in 1987 

by DTM (now a subsidiary of B.F. Goodrich). It is a process that involves high-

intensity laser melting of powder-like substances to create an object. This 

technology uses a wide range of raw materials, such as nylon, wax, ABS, metal 

and ceramic powders and so on. The first machine was made available in 1992. 

The SLS method is shown in figure 3. 
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Fig. 3 The method of laser sintering powder-like material 
to create a 3D object.[2] 

 The Invention of Fused Deposition Modeling (FDM) and Fused Filament 

Fabrication (FFF) 

A new method called Fused Deposition Modeling (FDM) was invented by 

Scott Crump in 1988. Different from SLA and SLS and using laser heating, 

sintering and scanning, FDM used nozzles ejecting molten material in a form of 

line by line and layer by layer to create three dimensional objects.  The idea of 

FDM is shown in figure 4. The first FDM machine went on the market in 1992. 

This method can use wax, ABS, PC, nylon and other thermoplastic materials to 

produce objects with excellent performance. 

Fused Filament Fabrication (FFF) has the same principle as FDM and it has 

a new name just because the name FDM had been patented when it was 

created by its owner. Figure 5 shows the diagram of FFF. 
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Fig. 4 The method of FDM (1 – nozzle ejecting molten 
plastic; 2 – deposited material (modeled part); 3 – 
controlled movable table).[3] 

 
Fig. 5 The method of FFF.[4] 

 The Invention of "Three Dimensional Printing" (3DP) 

Although there had been a few kinds of 3D printing machines invented, the 

name “three dimensional printing” was not used until 1993 when the 

Massachusetts Institute of Technology presented a new method and named it 

“Three Dimensional Printing (3DP)”. The technology uses metal or ceramic 

powder, and an adhesive to make the power stick. It has the advantage of 

making fast, low price, but also low strength, finished products. It was patented 

in 1993 by MIT and later licensed to Z Corp (now a part of 3D Systems), who 

developed the idea into the Z402 printer in 1996.  
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 Self-Replicating 3D Printers 

In 1996 more 3D printers hit the market, and the term "3D printing" itself 

started being used within the Rapid Prototyping Industry. 

Although several cheaper models were released around 2000, 3D printing 

systems remained costly and typically used for industrial purposes until 2006 

when the RepRap was announced. The RepRap went on sale in 2008 and was 

capable of printing 50% of it's own parts. That meant that with a few extra items 

bought from a hardware store the RepRap was the world's first self replicating 

3D printer. The RepRap is also an open source project, thus meaning all 

designs are released under a free software license. 

 The MakerBot and Online Community 

In recent years 3D Printing has started to develop a lot of momentum. Tech 

bloggers and news reporters are talking about 3D printing with great excitement 

as the technology breaks away from a prototyping tool into a manufacturing tool.  

The MakerBot hit the market in 2012, also an open source project, and has, 

along with the RepRap, made 3D printing experience affordable and available to 

the home environment. 

Communities such as Thingiverse and Shapeways have emerged and are 

gaining steady momentum as a place where 3D designers can upload their 

designs and results to share for the community, and for users to purchase and 

print.  

 Some ongoing research 

In recent years 3D printing news emerges endlessly, and the technology is 

more and more widely used. Some ongoing research is soon to become the 

future products on the market. 
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3D printing materials include gold, silver and high strength titanium, as well 

as stainless steel. 

Some people are trying to use the 3D printer to print out food. Some have 

made a 3D printer taking chocolate as a raw material. Some are studying how to 

use concrete as a 3D printing material. Others investigate the use of 3D printers 

to print biological cells, blood vessels, and even human organs. 

2. Applications and techniques 

2.1 Applications 

The technology is used for both prototyping and distributed manufacturing 

in jewelry, footwear, industrial design, architecture engineering and construction. 

Applications are also found in the automotive, aerospace, dental and medical 

industries, education, geographic information systems, civil engineering, and 

many other fields. The following is a description of several types of applications. 

 Rapid prototyping 

Industrial 3D printers have been used extensively for rapid prototyping and 

research purposes. These are generally larger machines that use proprietary 

powdered metals, casting media (e.g. sand), plastics, paper or cartridges, and 

are used for rapid prototyping by universities and commercial companies. 

Industrial 3D printers are made by companies including Mcor Technologies Ltd, 

3D Systems, Objet Geometries, and Stratasys. 

 Rapid manufacturing 

Advances in RP technology have introduced materials that are appropriate 

for final manufacture, which has in turn introduced the possibility of directly 

manufacturing finished components. One advantage of 3D printing for rapid 

manufacturing lies in the relatively inexpensive production of small numbers of 

parts. 
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One of the most promising processes seems to be the adaptation of laser 

sintering (LS), one of the better-established rapid prototyping methods. However, 

these techniques are still very much in their infancy, with many obstacles to be 

overcome before RM could be considered a realistic manufacturing method.  

 Mass customization 

Companies have created services where consumers can customize objects 

using simplified web based customization software, and order the resulting items 

as 3D printed unique objects. This now allows consumers to create custom 

cases for their mobile phones. Nokia has released the 3D designs for its case so 

that owners can customize their own case and have it 3D printed.  

 Mass production 

The current slow print speed of 3D printers limits their use for mass 

production. To reduce this overhead, several fused filament machines now offer 

multiple extruder heads. These can be used to print in multiple colors, with 

different polymers, or to make multiple prints simultaneously. This increases 

their overall print speed during multiple instance production, while requiring less 

cost than duplicate machines since they can share a single controller.  

2.2 Techniques 

The process of 3D printing includes three parts: modeling, printing, and 

finishing. 

 Modeling 

Additive manufacturing takes virtual blueprints from computer aided design 

(CAD) and "slices" them into digital cross-sections for the machine to 

successively use as a guideline for printing. Depending on the machine used, 

material or a binding material is deposited on the build bed or platform until the 
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material/binder layering is complete and the final 3D model has been "printed." 

The virtual model and the physical model are almost identical. 

Normally, the modeling process involves three digital models. First is the 3D 

model generated by any CAD software, such as AutoCAD, Solidworks, ProE, 

and so on. There are dozens of CAD softwares. Some of them are 

comprehensive and for general uses while others are for specific professional 

fields.  

The second model is one of the few formats that can be accepted by a 3D 

printer, such as STL format, THING format, etc. Because each CAD software 

may have its own format to record the 3D model, it is hard for most 3D printers 

to accept such various 3D models directly. Moreover, most 3D printers do not 

need such information as colors or tolerances except the information about 

shape and size. Fortunately, many CAD softwares now provide a menu to 

translate their own 3D model into the STL format or other formats. 

The third model is the sliced model usually generated by the 3D printer’s 

software. The sliced model is the collection of all the 2D layers’ digital 

description. 

 Printing 

To perform a print, the machine reads the design from, for example, a .stl 

file and lays down successive layers of liquid, powder, paper or sheet material to 

build the model from a series of cross sections. These layers, which correspond 

to the virtual cross sections from the CAD model, are joined together or 

automatically fused to create the final shape. The primary advantage of this 

technique is its ability to create almost any shape or geometric feature. 

The printer resolution is defined by layer thickness and X-Y resolution in dpi 

(dots per inch), or micrometers. A typical layer thickness is around 100 

micrometres (0.1 mm), although some machines such as the Objet Connex 
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series and 3D Systems' ProJet series can print layers as thin as 16 micrometers. 

The X-Y resolution is comparable to that of laser printers. The particles (3D dots) 

are around 50 to 100 micrometers (0.05–0.1 mm) in diameter. 

Construction of a model with contemporary methods can take anywhere 

from several hours to several days, depending on the method used and the size 

and complexity of the model. Additive systems can typically reduce this time to a 

few hours, although it varies widely depending on the type of machine used and 

the size and number of models being produced simultaneously. 

Traditional techniques like injection moulding can be less expensive for 

manufacturing polymer products in high quantities, but additive manufacturing 

can be faster, more flexible and less expensive when producing relatively small 

quantities of parts. 3D printers give designers and concept development teams 

the ability to produce parts and concept models using a desktop size printer. 

 Finishing 

Though the printer-produced resolution is sufficient for many applications, 

printing a slightly over sized version of the desired object in standard resolution, 

and then removing material with a higher-resolution subtractive process can 

achieve greater precision. 

Some additive manufacturing techniques are capable of using multiple 

materials in the course of constructing parts. Some are able to print in multiple 

colors and color combinations simultaneously. Some also utilize supports when 

building. Supports are removable or dissolvable upon completion of the print, 

and are used to support overhanging features during construction. 
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3. CAD formats and conversion 

There are a few standard softwares for 2D or 3D drawing, such as 

AutoCAD, Solidworks, Pro-E, UG, and Catia. Probably, most familiar to many 

students are AutoCAD and Solidworks.  

In the current view, AutoCAD is the leader in two-dimensional graphic 

design, and is now the most widely used two-dimensional design software. 

However, its 3D capability is not so good. Solidworks is a 3D design software, 

relatively easy to get started with, and very convenient to do three-dimensional 

design or assembly drawings. The most authoritative in the 3D design field are 

Pro-E and UG, whose functions are stronger than Solidworks. They are widely 

used, but harder to get started with than Solidworks. 

In this section, two graphic files (in DXF and STL format) are introduced as 

well as the conversion from the DXF format to the STL format, since most 3D 

printers accept STL but only a few accept DXF.  

3.1 DXF formats  

DXF (Drawing Interchange Format, or Drawing Exchange Format) is a CAD 

data file format developed by Autodesk for enabling data interoperability 

between AutoCAD and other programs. DXF is a file extension for a graphic 

ASCII image format typically used with AutoCAD software.  

Since its initial release in 1982, there have been many changes to the DXF 

file format specifications. For that reason, AutoDesk maintains a current list of 

DXF file format specifications.  

DXF was intended to provide an exact representation of the data in the 

AutoCAD native file format, DWG (Drawing), for which Autodesk for many years 

did not publish specifications. Because of this, correct imports of DXF files have 
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been difficult. Autodesk now publishes the DXF specifications on its website for 

versions of DXF dating from AutoCAD Release 13 to AutoCAD 2010. 

Versions of AutoCAD from Release 10 (October 1988) and up support both 

ASCII and binary forms of DXF. Earlier versions support only ASCII. 

As AutoCAD has become more powerful, supporting more complex object 

types, DXF has become less useful. Certain object types, including ACIS solids 

and regions, are not documented. Other object types, including AutoCAD 2006's 

dynamic blocks, and all the objects specific to the vertical market versions of 

AutoCAD, are partially documented, but not well enough to allow other 

developers to support them. For these reasons many CAD applications use the 

DWG format which can be licensed from AutoDesk or non-natively from the 

Open Design Alliance.  

The DXF format is a tagged data representation of all the information 

contained in an AutoCAD drawing file. Tagged data means that each data 

element in the file is preceded by an integer number that is called a group code. 

A group code's value indicates what type of data element follows. This value 

also indicates the meaning of a data element for a given object (or record) type. 

Virtually all user-specified information in a drawing file can be represented in 

DXF format. 

ASCII versions of DXF can be read with a text-editor. The basic 

organization of a DXF file is as follows: 

HEADER section – General information about the drawing. Each 

parameter has a variable name and an associated value. 

CLASSES section – Holds the information for application-defined classes 

whose instances appear in the BLOCKS, ENTITIES, and OBJECTS 

sections of the database. Generally does not provide sufficient information 

to allow interoperability with other programs. 

TABLES section – This section contains definitions of named items. 
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Application ID (APPID) table 

Block Record (BLOCK_RECORD) table 

Dimension Style (DIMSTYPE) table 

Layer (LAYER) table 

Linetype (LTYPE) table 

Text style (STYLE) table 

User Coordinate System (UCS) table 

View (VIEW) table 

Viewport configuration (VPORT) table 

BLOCKS section – This section contains Block Definition entities 

describing the entities comprising each Block in the drawing. 

ENTITIES section – This section contains the drawing entities, including 

any Block References. 

OBJECTS section – Contains the data that apply to nongraphical objects, 

used by AutoLISP and ObjectARX applications. 

THUMBNAILIMAGE section – Contains the preview image for the DXF file. 

END OF FILE 

3.2 STL formats 

STL (STereoLithography) is a file format native to the stereolithography 

CAD software created by 3D Systems company. STL is also known as Standard 

Tessellation Language.  This file format is supported by many other software 

packages; it is widely used for rapid prototyping and computer-aided 

manufacturing. STL files describe only the surface geometry of a three 

dimensional object without any representation of color, texture or other common 

CAD model attributes. The STL format specifies both ASCII and binary 

representations. Binary files are more common, since they are more compact. 

Figure 6 shows a sphere in a STL format. 

An STL file describes a raw unstructured triangulated surface by the unit 

normal and vertices (ordered by the right-hand rule) of the triangles using a 

three-dimensional Cartesian coordinate system. STL coordinates must be 
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positive numbers, there is no scale information, and the units are arbitrary. The 

definition of a triangle facet is shown in figure 7. 

 
Fig.6 A sphere depicted in the STL format. 

 
Fig.7 The definition of a triangle facet in the STL 
format(the arrow means the normal of the facet). 

Typically, an STL file is saved with the extension "STL," case-insensitive. 

The slice program may require this extension or it may allow a different 

extension to be specified. 

An STL file consists of a list of facet data. Each facet is uniquely identified 

by a unit normal (a line perpendicular to the triangle and with a length of 1.0) 

and by three vertices (corners). The normal and each vertex are specified by 

three coordinates each, so there is a total of 12 numbers stored for each facet. 

Here is an excerpt from a typical STL file that defines a facet: 

facet normal -4.470293E-02 7.003503E-01 -7.123981E-01 
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outer loop 

vertex -2.812284E+00 2.298693E+01 0.000000E+00 

vertex -2.812284E+00 2.296699E+01 -1.960784E-02 

vertex -3.124760E+00 2.296699E+01 0.000000E+00 

endloop 

endfacet 

There are two storage formats available for STL files: ASCII and BINARY. 

An ASCII file is human-readable and can be modified by a text editor if required. 

However, due to the large size (typically exceeding 10Mb), it is not practical to 

edit a production STL file.  

The facets define the surface of a 3-dimensional object. As such, each facet 

is part of the boundary between the interior and the exterior of the object. The 

orientation of the facets (which way is "out" and which way is "in") is specified 

redundantly in two ways which should be consistent. First, the direction of the 

normal is outward. Second, which is most commonly used nowadays, list the 

facet vertices in counter-clockwise order when looking at the object from the 

outside (right-hand rule). 

3.3 Conversion from .dxf format to .stl format 

We have tried several ways to convert old DXF files into STL files or to 

make a 3D model with the STL format directly. The following are records of our 

experiments. 

 AutoCAD can open the .dxf file. It also has the “export” menu item enabling 

exporting a model in STL format. But, the two .dxf files—sphere16.dxf and 

conesphere30.dxf—cannot be opened and exported correctly. The reason 

for this failure is not found yet. 

 MeshLab can read a .dae file and “Export Mesh As” it into a .stl file. The 

latter can be accepted by MakerWare and therefore be printed into a 3D 
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model. The .dae file can be produced by software such as SketchUp and so 

on.  

 Quick3D can read a .dxf file and “Save as” it into a .stl file, but unfortunately 

it cannot be read by MakerWare correctly. 

 SolidWorks is a very good software to draw 3D models and can save the 

model as an STL file. The STL file works well in MakerWare. 

It seems that it is not easy to reuse the 3D models in DXF format produced 

by early versions of some CAD software. So the suggestion is to draw 3D 

models with a relatively new version of AutoCAD or SolidWorks. It does not take 

a long time for a student to learn to use such software. Probably a few days or 

one week is enough. It also does not take a long time to draw a 3D model. 

Generally around 30 minutes are needed, depending on the complexity of the 

model. For example, to draw a sphere or a cone-sphere, takes only a few 

minutes. 

4. MakerBot 3D Printer—Replicator 2 

Replicator 2 is the fourth generation machine of MakerBot Desktop 3D 

printer. It is highly valued on the market. With a resolution capability of 100 

microns and a massive 410 cubic inch build volume, it is said to be the easiest, 

fastest, and most affordable tool for making professional quality models.  

4.1 Installation of the printer 

The Replicator 2 is a pre-assembled 3D printer, so one doesn’t need to 

worry about it. The assembly process is not complicated and described very 

clearly in the manual. If one would like to readjust the build plate or load a new 

filament spool, just read the manual and do step by step.  

The printer is connected to a PC or Mac by an USB connection.  

The software MakerWare is downloaded for free from MakerBot website: 

makerbot.com/makerware. 



 

 

  19 (27)
 

4.2 Printing examples and hardware output 

The author has drawn a few 3D models with SolidWorks and printed them 

out. The following figures and pictures are shown as examples.  

 
Fig.8 The workpiece 1 and its printed model. 

 

 
Fig.9 The workpiece 2 and its printed model(a pipe). 

 

 
Fig.10 The workpiece 3 and its printed model(a hollow ball). 
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Fig.11 The workpiece 4 and its printed model(a pipe and 

flange). 
 

 
Fig.12 The workpiece 5 and its printed model(an ash tray). 

 
4.3 Considerations when using MakerBot Replicator 2. 

During the process of printing 3D models, failure and success were 

concurrent. The following are a few considerations when using the Replicator 2.  

 Print workpieces with the big plane surface as the underside and avoid 

overhanging surfaces as much as possible.  

Using the largest surface of the object as the bottom surface ensures a 

lower center of gravity and hence a stable pose of the workpiece. The overhang 

or suspension of some surfaces could cause the fused filament of the first layer 

of that surface to droop because of the gravity and thus not to maintain the 

proper shape of that surface. One can find such defects on the object shown in 

Fig. 13. The pose of this object is standing, which leads to some surfaces 

overhanging or suspending when printed. 
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Fig.13 The pose of the workpiece 1 when it is being printed 
and its defects because of overhang or suspension of some 
surfaces(in the red circles). 

The solution to this problem is using the “Turn” button to turn the workpiece 

by some angles in some direction and make it lying down. One can see a 

perfect model of workpiece 1 in Fig. 8, when printed with a lying pose on the 

build plate. 

 For an object that does not rest stably on the build plate, for example a ball, 

extra support is needed.  

The best solution may be to add some support structure to them in the 

design stage. These appendages should be so smartly designed that they can 

be removed easily when the printing is finished. A failed printout of a sphere is 

shown in Fig. 14. The object moved and fell down and the printing had to be 

stopped. Fig. 15 shows models of a sphere and a cone-sphere with an added 

suitable base. Some workpieces have overhang, for example the workpiece 4 

shown in Fig. 11. The flange structure is overhanging and it is hard to avoid the 

problem occurring in Fig. 13 just by turning it over. So, one had to add a support 

to the flange, as shown in Fig. 16.  
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Fig.14 A failed model(a sphere). 

 

  
Fig.15 A sphere model and a conesphere model with a base. 

 

 
Fig.16 A support is added to the flange. 

 If the size of object to be printed doesn’t matter much, we suggest printing it 

in medium size.  

Very small objects should be designed in a sturdy fashion. Try to adjust the 
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size of the model just before printing by using the “Scale” button of the 

MakerWare. One doesn’t need to modify its dimensional sketch. For an originally 

big object, making it smaller can save both time and printing material. For an 

originally small object, enlargement produces a larger underside area and better 

sticking to the build plate. There are two failed examples shown in Fig. 17. Some 

parts of the workpieces were slim and turned up from the build plate and baffled 

the movement of the nozzle or even become broken by the nozzle. The weak 

parts are shown in the red circles in Fig. 17. 

Another failed example is shown in Fig. 18. The weak part is designed very 

thin and slim. It broke because of the mechanical interaction with the nozzle. 

One has to take this problem into consideration when designing a model. 

   
Fig.17 Two failed examples 

 

 
Fig.18 A failed example 

 
 
 



 

 

  24 (27)
 

5. Conclusion  

This report describes the history of 3D printing, applications, technology, 

and the format of the 3D model description. One of the focuses is on the 

features and precautions of a 3D printer, the MakerBot replicator 2, which is 

what we used. These experiences were obtained from the drawing and printing 

of several models. Overall, the replicator 2 is a successful smart printer, and in 

particular its slicing algorithm is very smart. Its printing process is amazing. If the 

limitations regarding design and printing are considered, the printer will almost 

certainly produce the expected result. 

3D printing technology provides a wonderful process method for 

manufacturing. It has been growing and developing very quickly since its birth. 

However, 3D printing is not yet perfect and some limitations remain. It cannot 

replace traditional manufacturing right now. But it is a promising business that 

has affected our thinking of design, fabrication and research. It will change more 

of our life in the future. 
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Attribution-Share Alike 3.0 Unported license. 
 
Figure3(SLS), author: Materialgeeza, This file is licensed under the Creative Commons 
Attribution-Share Alike 3.0 Unported license. 
 
Figure4(FDM),  author: Zureks, This file is licensed under the terms of the GNU Free 
Documentation License, Version 1.2. 
 
Figure5(FFF), Fused filament fabrication - RepRapWiki, Content is available under 
GNU Free Documentation License 1.2. 
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