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Abstract: The accurate reproduction of high valued parts, such as archaeological findings, is a very complex and sometimes painful 
procedure [1-3]. The procedures that are being used especially for the reproduction of archaeological findings include, if it possible, 
disassembly and reproduction of the parts through a copy cast. These procedures often produce damages or wear to the original part. The 
main goal of the present paper is to set up a new procedure for reproduction of small size archaeological findings thought laser scanning 
and rapid prototyping techniques [4-8]. For these reason a combination of color rapid prototyping machine (Color 3-D printer, Spectrum 
Z510), high accuracy laser scanner (Konica Minolta VI-9I - 3D Laser Scanner) and special software were used within the frame of a new 
approach in order to reproduced accurate copies with a number of different casting materials. The whole procedure was separated in three 
different processes and corresponding objectives. First topic was the accurate laser scanning of simple or complex geometries by means of 
the high definition laser scanner. The high accuracy and the adequate for the specific purpose specifications of the laser machine, and of 
course gained experience of the user, were very important parameters for the creation of the solid model of each selected object. As second 
topic was the creation of difficult details by using special abilities of the laser scanner in combination with special software. These 
parameters were very helpful for modifying all the complex details of the solid model and textures. Finally the third topic was the production 
of the archaeological findings and moulds by means of the color rapid prototyping machine. During the construction of each mould, 
parameters such as materials cost, time and appropriate mould creation for casting were investigated. The final construction of each 
different copy was examined with respect to the original geometry, size and shape. The whole procedure was established as a unique process 
that is very helpful for the accurate reproduction of any small size archaeological finding using the technology of rapid prototyping, laser 
scanner and the appropriate use of special software. 
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1. Introduction 
Reproduction of the exact geometry of archaeological parts is 

very important for the conservation and dissemination of cultural 
heritage of a country. Many different processes can be applied and 
help to the reproduction of exact copies. Using new and innovative 
techniques it is possible to reproduce a high quality of any object 
especially archeological findings.   

During the reproduction of such objects there are two major and 
very difficult problems that the engineering science has to solve and 
with this way relieve archaeologists. The first one is the exact 
construction of the object that will look exactly the same as the 
original one. The second and most important problem is the 
reproduction of copies without damage or destroys the high value 
archaeological finding. 

2. Selection of archaeological findings 
Two archaeological findings from local Cypriot history were 

selected. The first one is the Aphrodite of Cyprus and the other is 
the Steatite Idol of the Chalcolithic (period 3000-2500 B.C.). Fig. 1 
demonstrates the two selected objects in different photographs. The 
reason for the selection of the specific objects was because of their 
small size and their simple shape. Furthermore, some special 
characteristics and details of each object are very challenging for 
the reproduction of accurate copies using different casting 
materials. In the present paper, only one casting material was used. 
Of course using the same procedure and construction steps many 
other materials could be used as casting ones. 

3. Geometry scanning 
For the recording of the geometrical shape, but also of the 

details of the objects, two modern and high tech devices were used. 
The first is the industrial CT scanner and the second is the 3D laser 
scanner Konica Minolta VI-9i. In Fig. 2, the industrial CT scanner 
and laser scanner are presented. The CT scanner can be used for the 
recording of objects with great thickness. The greater the power of 
the scanner, the more thick objects it can scan. Naturally as the 

power increases, the dimensional accuracy decreases. This results in 
the loss of details and fine art, which may be on the surface of the 
objects.  

 
Fig. 1 Archaeological findings 

The failure of process tomography supported by PC for 
recording details of artistic antiques can be addressed through 
electronic images or even with the help of three-dimensional scans 
through the 3D Laser Scanner. The final manipulation of the digital 
files of the objects is done with the use of dedicated software 
packages. The 3D laser scanner VI-9i is the latest addition to the VI 
series of Konica Minolta. It is one of the most advanced models for 
industrial applications, from reverse engineering, to design 
verification and dimension inspection. The 'no-contact' digitizer VI-
9i, provides high speed and high precision three-dimensional 
measurement of molds, castings, forgings and plastics forging 
products. General characteristics of the laser scanner are: Handy, 
portable, captures the dimensional geometry and color, high speed, 
high accuracy ± 0.05 mm, high precision measurement, even for 
large models, 3 interchangeable lenses with autofocus, and 
capability to work with the PSC-1, the optional photogrammetry 
system (photogrammetry) of Konica Minolta. 
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Fig. 2 Computer tomography, laser scanner 

The final results after scanning are demonstrated in Fig. 3. 
The two objects were recorded and geometry corrected through 
appropriate software (geomagic and rapidform). The software 
features a wide variety of tools to correct the surface defects every 
different detail. 

 
Fig. 3 Objects after scanning  

The color rendition of the objects was made through the use 
of digital photography. By using higher resolution, the actual color 
of the object can be more accurately represented. In the case of 
objects with thin walls one more correction that has to be made is 
the thickness of the wall. The scanned surfaces can become thick 
through the software. In all cases of object repairing, also the 
dimensional comparison with the original was made, so that the 

electronic records generated to have exactly the same dimensions as 
the originals.  

4. Construction of moulds 
The three-dimensional color printer Spectrum Z510 System has 

the possibility of high quality and high resolution prototypes (600 x 
540 dpi). The used rapid prototyping machine with the cleaning 
station, binders and building area demonstrated in Fig. 4. The inkjet 
technology produces high resolution, 24bit color models for precise 
presentation of models and applications. The large scale printing 
(254 x 356 x 203 mm), the great speed and the relatively 
inexpensive cost of the raw materials, allows the users to maximize 
of the three-dimensional production of models. The three-
dimensional printer Spectrum is one of the newest models of the 
series of three-dimensional printers of Z Corporation. 

The rapid prototyping can accept five different types of powders 
[9]. Each powder offers specific advantages and can be used with 
all the three-dimensional printers. The plaster powder offers high 
accuracy and great detail. The starch powder offers unparalleled 
speed with very low cost, and is also ideal for use in casting (lost 
wax). The Zcast ceramic powder is used for used for foundry 
applications of non-ferrous metals (aluminum, zamak, brass, 
magnesium, etc.) 

 
Fig. 4 Rapid prototyping machine  

The construction of different moulds for casting process includes a 
series of steps, which must be performed very carefully and 
specifically [10-12]. In the first stage of the research progress 
several attempts and trials were made, which although it did not had 
great success, helped in understanding how to  properly construct 
moulds and the way of how it should be properly cast. During the 
initials tries and failures, tremendous experience was gained for the 
accurate construction of moulds for casting process. By combining 
the gained experience of powder behavior, mould construction and 
casting process, lead to the production of accurate copies, where the 
only difference from the original object is the color of the used 
casting material. 

 
Fig. 5 Preparation using appropriate software   

For the construction of the casting mold in the first stage should 
be prepared in the electronic file, which will be imported into the 
software of the rapid prototyping machine. Fig. 5 shows the 
imported digital file (after scanning) to the software for preparation 
of moulds [13-15]. These models have received a similar 
preparation in accordance with the description made in the previous 
phase. A properly designed model (digital file) will result in the 
construction of a correct solid, not only with regards to the 
geometry, but also its coloration and texture. 
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Fig. 6 Objects after scanning  

Fig. 6 shows an electronic form of the mould of Venus. And in 
this case, the bottom part was selected to feed on the material of the 
casting. In the right part of the Fig. are some sections of the mould, 
showing the internal space and the thickness of the mould. Similar 
electronic files for the second object demonstrated in Fig. 7. The 
wall thickness was selected with respect to the size, material cost, 
mould strength and time needed for the construction of the specific 
geometry by means of rapid prototyping machine.   

 
Fig. 7 Preparation of moulds models  

During preparation of the mould by means of special software it 
was converted to three-dimensional record of solid surfaces. Then 
new thickness was given to the model, but only for the external 
surfaces. With this way the mould got a uniform thickness on all 
surfaces saving enough material from the ceramic powder. For the 
specific objects the thickness was selected to be from 2 to 3 mm.  

Fig. 8 shows the constructed moulds of the two objects in two 
different views. These moulds with the only preparation of cleaning 
the insight surfaces are ready for casting. The used powder material 
has enough porosity for good pouring of casting material without 
any cavities or bad surfaces.  

The molds are designed and constructed so that they can be 
used only once for the casting of the material and the construction 
of only one copy. This was one of the most important reasons for 
selecting the tactic of using a minimum thickness of constructed 
moulds. That is, the smallest possible thickness, so as to save as 
much as possible ceramic powder and binder liquid.   

 
Fig. 8 Construction of moulds 

 In the case of using other materials that may be cast at 
relatively low temperatures, then with minor design modifications 
to the external geometry of the mould, it is possible to construct 
more copies using the same mould. Of course in this case, except 
for designing changes, there is a demand to properly preparation of 
the internal surfaces of the mould. The interior surfaces must be 
harden and sealed so that they can be used more than once without 
suffering from any wear or damages. The use of a special hardener 
cyanoacrylate is a good practice, where all internal surfaces of the 
mould are cured and strengthen. In order to use the above mould, 
there is a need of about eight hours in order to let cyanoacrylate 
glue to dry. 

 
Fig. 9 Casting and cleaning steps  

5. Copies from casting 
Fig. 9 shows the following steps for the casting process of 

molybdenum into the thin wall moulds. During the initials tries the 
wall thickness was varied from 1 mm to 3 mm. The optimum 
thickness of the moulds was found after several trials and taking 
into account both the strength and the cost of construction.  

Each mould was placed in the middle of sand to hold it steady 
and to protect them from the weight of the casting material and the 
gases generated. This gives strength to the mold, so although it’s 
very small thickness is not likely to break. The bottom right photo 
shows the material after the casting stabilizers. After cooling down 
to room temperature, it is taken out with the help of a special liquid 
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and other tools, which breaks the mold and the cast copy remains 
(see bottom Fig. 9).  

 
Fig. 10 Final copies 

As shown in Fig. 10 after cleaning the cast copy from the 
material of the mould, the final cleaning is done, using micro-
sandblasting to obtain adequate surface quality. Fig. 10 shows the 
final form of the copy of the two objects. 

6. Conclusions 
The combination of laser or CT scanning with rapid prototyping 

and the use of appropriate software introduces an effective 
technique for construction of accurate metal or other copies of 
archaeological findings. With these tools and the described 
procedure it is possible to manufacture precious moulds for casting 
small in size parts with specials geometry and characteristics. 

The process as presented has many advantages. An important 
advantage is that through this process various sizes and colors of 
copies can be made. This enables the manufacturer to adapt to the 
needs of each case and even for prospective clients in the case of 
mass production of an object.  

It seems that all details can be obtained very clearly on the cast 
copy and the only thing that distinguishes one from the other is the 
color due to different material. 
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