
South African Journal of Industrial Engineering May 2008 Vol 19(1):  195-213

THREE DIMENSIONAL PRINTING IN THE SOUTH AFRICAN INDUSTRIAL ENVIRONMENT 

D. Dimitrov1, K. Schreve2, N. de Beer3 and P. Christiane4

Department of Industrial Engineering 
University of Stellenbosch, South Africa 

1dimitrov@sun.ac.za, 3ndebeer@sun.ac.za 

Department of Mechanical Engineering 
University of Stellenbosch, South Africa  

2kschreve@sun.ac.za, 4peterjohn@sun.ac.za

ABSTRACT 

The current development of the rapid prototyping industry in South Africa is 
characterised by the strong dominance and fast growth in sales of three dimensional 
printers. Although it reflects the international trend, it seems that the industrial 
community lacks a clear appreciation of the real strength of this technology, 
especially with respect to the large variety of devices available today on the 
market. This paper surveys the current state and capabilities of three dimensional 
printing (3DP). Based on its technical background – the ink-jet printing known from 
the printer and plotter industry – a classification structure is developed and 
proposed. Different printing techniques and process concepts, together with their 
advantages and limitations, are described and analysed. Typical examples from 
three completely different application areas – manufacturing, medicine, and 
architecture – are presented and discussed. Some basic considerations for an 
informed selection of the right technology for a particular application are then 
presented.

OPSOMMING

Sterk groei in die verkope van drie dimensionele drukkers (3DP) kenmerk die 
onlangse groei in die snelle prototipe industrie in Suid-Afrika. Ten spyte daarvan dat 
hierdie ‘n internasionale tendens reflekteer, blyk dit dat die werklike waarde van 
die tegnologie nog nie ten volle waardeer word in die industriële gemeenskap nie, 
veral aangesien daar so ‘n groot verskeidenheid masjiene in die mark beskikbaar is. 
‘n Oorsig oor die huidige stand en vermoë van drie dimensionele drukkers word hier 
gegee. ‘n Klassifikasiestruktuur – gebaseer op die inkspuitdrukkertegnologie – word 
ontwikkel en voorgestel. Verskillende druktegnieke en konsepprosesse word ontleed. 
Daar word ook gekyk na die voor- en nadele hiervan. Tipiese voorbeelde van drie 
verskillende toepassings (vervaardiging, medies, en argitektuur) word aangebied en 
bespreek. Basiese riglyne vir ‘n ingeligte keuse van die regte tegnologie vir `n 
spesifieke toepassing word ook gegee. 
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The capacity for subsequent overprinting leads to the building of the third 
dimension, whereby each layer must solidify. This allows a multi-layer and multi-
material construction, hence the name ‘three dimensional printing’. 

During the last 15 years a large variety of 3D printing techniques were introduced 
into the rapid prototyping (RP) industry. All these techniques have their roots in ink-
jet printing technology. The use of a printer head is the only element that they have 
in common. The printer head – in whatever version it might be applied – serves to 
shoot either droplets of binder or liquid-to-solid compound, and so forms a layer of 
an RP model. The shooting of droplets of the actual building material (liquid-to-solid 
compound) in drop-on-demand mode is known as drop-on-drop (DoD) deposition, 
while the shooting of droplets of binder on the powder material is called drop-on-
powder (DoP), or drop-on-bed (DoB) deposition.  

This paper proposes a classification of 3D printing technologies. With the wide 
variety of processes available and the inconsistent use of the term ‘3D printing‘ on 
the Internet (even SLA is sometimes referred to as 3D printing) it will be useful to 
establish a technically sound classification. Understanding the underlying 
technologies and having a clear distinction between different methods is also useful 
when deciding what kind of equipment to acquire for a particular application. The 
authors also make a brief analysis of the capabilities of the different technologies, 
and give references where further details can be found. Finally, some typical 
applications are given. They show some innovative South African approaches. 

2.  DEFINITION AND CLASSIFICATION 

2.1  Three dimensional printing – background and definition 

The birth of solid freeform manufacturing (SFM) can be traced back to 1988 when 
the first stereolithography machine was introduced. The development of the idea 
for rapid prototyping started, however, a few years earlier. In the meantime many 
new proposals emerged and numerous patents on the subject were submitted. Some 
of the early processes disappeared completely; some others are still in use, but 
without further development. Table 1 below gives an overview. 

It can be seen from Table 1 that 3D printing – in its drop-on-bed version – was one of 
the first developments, and its ongoing improvement is far from exhausted. 
Although a patent was filed at the end of 1989, it was granted only four years later. 
Commercial use had to wait for another four years, by which time other processes 
such as stereolithography (SLA), fused deposition modelling (FDM), or laminated 
object manufacturing (LOM) were widely established and drew large crowds at 
international fairs. 

The main characteristics of the two principal forms of ink-jet printing can be 
summarised as follows: 

Drop formation velocity:  

o Continuous printing: very rapid droplet generation (60 kHz). 
o Drop-on-demand: substantially lower (5-6 kHz). 
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techniques require some kind of extra support material that needs to be 
removed from the main build material. On the other hand, the drop-on-bed 
technologies are the only ones that make use of a powder binding material 
and require post-infiltration to increase model quality. This can be seen as 
either a drawback or a benefit. It is a drawback since post-processing time 
increases overall lead time. It is advantageous since a suitable infiltration 
material can alter the model’s physical properties and thereby increase its 
range of applications. 

Accuracy capabilities of each technology are not generally reported in great 
detail. An apparent tendency is that accuracy capabilities are in many cases 
reported only as some single ‘±’ value. But research has indicated that 
achievable accuracy is strongly related, among other things, to the relevant 
build axes of the machine. The reported values do however give some 
measure by which a comparison can be made. It seems that Solidscape and 
Sanders Design International’s 3D plotting machines are currently showing 
the best accuracy results, along with having the thinnest layer thicknesses 
(13 and 12 microns respectively). 

Other characteristics that are also poorly specified or reported are surface 
roughness of models and the build speeds of each technology. Consequently, 
in cases where information is given, it is not done according to a same-
standard format. Surface roughness, for example, is reported as an RMS 
value for Solidscape’s machines, while Ra values have been calculated in 
other cases. 

Objet’s PolyJet technology currently provides material with the largest 
tensile strength (42.3 MPa), while Stratasys and Dimension’s ABS parts show 
good tensile strength at a reported 35 MPa. 

The prices of 3D printing machines range between $25,900 and $1.2 million 
for the ZPrinter 310 and ProMetal S15 machines respectively. The increasing 
market share of Stratasys (Dimension) and Z Corporation’s Z 310 can be 
directly attributed to their being the lowest-cost systems available at the 
moment. 

The costs in the table are based on prices quoted in 2005, and should only 
be used as a comparative guide. 

Unless otherwise stated, the information in the table is from the machine 
suppliers’ websites (in April 2007). 

4.  APPLICATIONS 

Three application examples are described below, clearly showing the large 
versatility of this technology. It impressively demonstrates how, within only one 
decade, the technology has evolved drastically from being mainly a tool for 
conceptual modelling and design iterations, all the way to a product development 
acceleration and communication approach. The first example shows how functional 
metal prototypes can be produced using a 3D printed pattern to manufacture 
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foundry tooling for sand casting. In the next example a medical model is presented 
and discussed. An architectural model for marketing purposes concludes this short 
review.

4.1  Rapid tooling 

Often a small number of components is needed to test a product before it goes into 
serial production. Rapid tooling is a good way of making functional prototypes in 
final geometry and material for the pre-production phase, avoiding large expenses 
for production tooling. This example illustrates the ability of the 3D printers to 
deliver low-cost solutions in areas originally reserved for high-end RP systems. 
Usually 3D printing models combine very well with secondary processes, such as 
investment, vacuum, or sand casting. In these cases the 3D printed parts are used 
mainly as patterns for the secondary process. Depending on the process, such 
patterns are used directly to produce the component or indirectly to create a 
mould, allowing small production runs of typically 10 to 30, and even several 
hundred components. 

Figure 8:  Engine sump 

The production part of the sump shown in Figure 8 will be a die casting. The 
prototypes were sand cast using 3D printed patterns to produce the foundry tooling. 
One of the major challenges in creating the sump and other prototypes was the 
limited time available and the complexity of their geometries. Of significance to the 
oil sump in particular was its deep draws and very thin anti-surge baffles that 
needed to be accommodated in the moulding process. Its size (500x330x270mm) also 
meant that this pattern would have to be assembled from more than one build. A 
total of 80 sumps was ordered for various tests, enabling the incorporation even of 
production planning in the product development phase. 
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Table 3a:  Technical and cost characteristics of 3D printing 
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Layer 
Thickness 
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Surface 
Rough-

ness
[µm]
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N/S N/S $ 55 000

Std: 0 245 
Draft: 0 330 N/S N/S $ 34 900
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and tactile qualities [17]
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Table 3b:  Technical and Cost Characteristics of 3D Printing 
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The model was divided into five different sections to fit into the build volume of the 
printer. These sections were printed as four builds, taking approximately 8-9 hours 
per build. Finishing steps include resin-infiltration, curing, assembly, and surface 
quality preparation. Quality inspection is concurrently applied to ensure that 
dimensional and geometrical accuracy specifications are met. The full-scale printed 
sections were hand-finished and assembled using the critical dimensions to control 
quality. The general tolerances achieved fell well within casting capabilities of ±0.8 
mm [20].

Layered manufacturing makes it possible to create products of very complex shapes. 
Undercuts and complex curved shapes can easily be produced. This is the property 
that makes this process attractive for medical modelling. In this example a model 
was made of the maxilla. The model (Figure 9a) is grown from an STL file generated 
from a CT scan. 

The model is used as a surgical aid for dental implants. Ensuring that the hole for 
the implants is drilled to the correct depth and orientation is a complex operation. 
The 3D model is therefore ideal for the surgeon to plan the operation, and it saves 
time and unnecessary trauma for the patient. However, in this case the process was 
taken a step further. Using the RP model, a drill guide (Figure 9b) was 
manufactured. The guide was used during surgery to position and orientate the drill. 
The operation was a great success, with significant savings in theatre time. Also, by 
being able to place the drill accurately, the surgical risks are reduced and the 
patient may be able to recover faster. 

The model (Figure 9a) was made using an Objet machine. It took 6 hours of printing 
and 13 minutes post-processing, mainly to remove the support structure with a 
waterjet. The layer thickness (~0.016mm) of this machine means that the surface 
finish of the model is very good compared to other RP processes. The material is 
strong and handles very well, and poses no problems for the manufacture of the drill 
guide. One disadvantage is that the model is very opaque. Transparency helps the 
surgeon to see where the drill goes into the bone and therefore to ensure that the 
hole is far enough from the bone surface.  

(a) Objet model of the maxilla (b) Dental drill guide  

Figure 9:  Medical models using RP technology 
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4.3  Architectural modelling 

RP models can also be used for architectural visualisation. It is possible to make a 
model quickly for marketing or planning purposes. However, the build volume of the 
RP machines is often too small to make an architectural model of sufficient scale. 
This should not be a limitation, as CAD models can be cut into smaller sections. 
These sections can then be built separately and assembled afterwards. The 
Stellenbosch University’s Laboratory for Rapid Product Development has developed 
assembly techniques for models from Z Corporation 3D printers, and regularly makes 
models larger than the work envelope of the printer. 

Since an architectural model is scaled down significantly, many features become 
very small. The smallest features that can be grown on the 3D printer depend on the 
geometry. Wall thickness of box-like structures can go down to 1mm, depending on 
their size. Cylindrical pins must have a diameter of at least 2mm, depending on 
their length. Thus, scaling down a building’s CAD model cannot be isotropic. Minor 
detail must be enlarged. Walls must be made thicker. Substantial work must be 
done on the CAD model before a scaled prototype can be grown. 

(a) (b)
Figure 10:   Model of the Millennium Tower built on a Z Corp 3D printer 

Durban’s Millennium Tower (Figure 10) is a good example of the intricate detail and 
complexity that can be achieved by using RP models for architectural visualisation. 
The model was built in 13 sections, not only to fit the tower in the build envelope, 
but also to facilitate secondary operations such as depowdering and infiltration. 
Each build took between 5 and 8 hours to complete. The model was built with zp102 
powder. This powder has a fine grain size compared to other powders for this 
machine. Together with the epoxy-based infiltrant, this gives the strongest products 
on this device. Depowdering (blowing/sucking away the unused powder) in some 
areas (see Figure 10b, for example) was very difficult owing to restricted access and 
intricate detail that broke easily in the uninfiltrated state. Some detail – e.g., the 
rails – had to be enlarged for this scale model. 
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5.  CONCLUSION 

When searching for a 3D printer, a number of important factors should be 
considered. These were addressed in this paper. However, cost is always the trade-
off.

First, there is material. Considerations may be transparency, strength, or a specific 
material such as metal or plastic. Drop-on-drop machines normally use stronger 
materials, and these are sometimes transparent. For metals, either a drop-on-
powder device should be considered or, alternatively, a cheaper machine that can 
produce patterns for secondary casting. Secondary casting is also an option for other 
materials, such as plastics; however, the lead time of secondary processes can be 
prohibitive for its use as a concept modeller. 

The build envelope determines the size of a component that can be built in one go. 
Larger components can be built. Careful planning of the assembly process is 
required. For the best results some experience is needed in deciding where to split 
the models before printing. 

Some printers, especially the drop-on-drop and continuous printing types, require 
support structures for certain geometries. Other machines use novel techniques to 
add the support structure as another type of material that can be removed easily 
afterwards. In some instances the type of geometry that can be built is limited. The 
drop-on-powder type machines are often advertised as machines that do not require 
support structures. However, it was found that parts with large and heavy open or 
overhanging sections still require support structures. 

A new user should also find out about post-treatment possibilities of the parts. The 
drop-on-powder machines often require infiltration to achieve a strong part. This 
extends the material combinations, but requires the additional time to infiltrate the 
part.

If the 3D printed parts are to be used as functional prototypes or for fitment testing, 
then accuracy is important. One should be very careful about the figures quoted by 
the machine suppliers, as these are often very optimistic, if given at all. Various 
studies have shown that the accuracy is more often between 0.5 - 1.0 mm. Table 3 
is a useful reference. 

Lastly, the case studies have shown that new applications in 3D printing are 
continuously moving the boundaries. Creative entrepreneurs can find new market 
niches if the correct combination of machine and supporting technology is applied. 
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