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Abstract. Industrial parts with complex shapes are characterized by thin sections and complex 

geometries. Rapid vacuum casting is an ideal technology to manufacture complicated parts in small 

series production or prototypes. Contributions regarding simulation and analyzing of the parts made 

by rapid vacuum casting technology are presented in this study.  Dedicated software was used to 

simulate the casting process, which was analyzed and optimized, in order to decrease the time of 

casting, to get a better filling of the cavity with molten material and to reduce the surface defects. 

Introduction 

Rapid vacuum casting of complex shapes is one of the most important processes due to large free 

form that this technology is capable to offer. Metal parts cannot be always manufactured using 

conventional technologies which are characterized by remove of material. As a complement to these 

technologies are Rapid Prototyping (RP) and Rapid Tooling (RT) technologies [1]. Those 

technologies are also named Additive Manufacturing (AM) technologies because the parts are 

manufactured layer by layer [2, 3].  

The current requirements are to develop in short time new products while improving the part 

quality and also reducing the budget. To satisfy these market demands it is necessary to develop 

research teams from various industry fields which are capable to define the products characteristics 

and to decide which the proper technology, for each application, individually [4, 5]. 

Rapid vacuum casting technology is also named Investment casting (IC) or precision casting. 

This technology is known for the ability of producing components with complex shapes for different 

industry domain of excellent surface finish and good dimensional accuracy. 

Investment casting process was used at the beginning for jewelry making, then for art castings. 

This technology has been developed rapidly in making precision components, including parts for 

aircraft engines, automotive components and many complex shaped components, undercut parts 

with smooth surfaces, accurate dimensions and fine details. Investment casting technology offers a 

method for rapid development of a product and it has continue to expand because of the major 

advantage of manufacturing a variety of products from different metal alloys [6]. 

A variety of products, such as golf club heads, to general engineering, aerospace industry, 

medicine (hip implants, dental applications) are manufactured using IC process. One of the major 

desadvantage of the IC technology is that involves a lot of manual work for making the wax tree and 

the plaster form. Instead the fact that this technology is suitable for many complex applications from 

varios fields, we are limited by the size and the mass of the cast parts. 

Research Method 

 There are 2 methods for obtaining the wax patterns for investement casting technology: direct 

and indirect method.  In the first case the patterns could be made by using one of the most 

developed technology from our days, 3D printing [7]. Easly, it is posible to obtain wax patterns 
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using 3D printing equipment. For producing three-dimensional models by layer, we must start from 

a virtual CAD model made by using SolidWorks or another dedicated software. For obtaining te 

wax patterns from the CAD model, this must be split into layers (STL format - STereoLithography), 

which are built directly with the aid of the computer. The indirect methods consist in manufacturing 

the wax patterns starting from a master model, made by one of the Rapid Prototyping technologies. 

Using the master model a silicone rubber mold it is necessary to be made. The silicone rubber is a 

suitable material for this technology because the wax patterns can be easily removed due to the 

flexibility of silicone. The silicone rubber mold can be used only for small series production. It is 

necessary to cast a number of wax parts equal with the number of metal parts. 
 

 
Fig. 1. Main steps in rapid vacuum casting technology for metal parts 

 

Virtual 3D modeling of the wax tree is necessary before to start the wax patterns assembly 

around the sprue. Connection between sprue and parts is done using feeding channels. The next step 

in investment casting process is to cover the wax tree with ceramic slurry for obtaining the mold for 

metal casting. After allowing the ceramic mold to drain at room temperature a drying cycle is 

programmed, using an oven with a high temperature. In this experiment the oven temperature was 

680ºC. The wax liquefies and flows out – dewaxing process. For this reason this technology is also 

known as “lost wax casting” and the wax can usually be recycled [8]. The ceramic mold is then used 

for casting aluminum alloy. After solidification and cooling, the mold is destroyed using water jet 

under pressure.  

The paper is aimed to present some important aspects which are influencing the investment 

casting process in different steps and outlines the advantages and disadvantages of this technology. 

Starting with the wax tree construction, before to start this step it is really important to know exactly 

the correct dimension of feeding network [9].  

Simulation Process  

The simulation process it is actually a transition between the virtual model of the product and 

manufacturing process. The best way to find out the right dimensions of the sprue and feeding 

network is the simulation. There are different algorithms to find out the correct position of the 

feeding channels on the part surface, but also the dimensions of the channels. After calculating the 

dimensions it is recommended a simulation for validating the theoretical calculation [10]. 

Any simulation software is using STL format files for processing and realization of simulations 

[11]. The STL file is obtained using any Computer Aided Design (CAD) software in which the 3D 

models are made. Once the STL file is inserted into the simulation software window the next major 

step is choosing of materials: mold material and casting material (Fig. 2). The software database 

contains a very complex list of materials, and if a particular material is not in the database, it can be 

easily inserted. 
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Fig. 2. Main steps for casting simulation using dedicated software 

 

 
Fig. 3. Simulation of aluminum parts manufactured using IC technology 
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In Fig. 3 are presented the main steps of casting process simulation, starting from concept and 

reaching the finished product. Using dedicated software for casting simulation, were analyzed and 

optimized the time of casting, feeding network and part surface for detecting possible defects [12].  

 

 

  

a. b. c. 

 
  

d. e. f. 

Fig. 4. Computer simulation of metal cooling 

 

The result of this simulation is to view and analyze the correct and complete filling of the shape’s 

cavities. It can be observed that the amount of aluminum alloy was correct calculated, avoiding an 

unnecessary consumption. Also the dimension of feeding network was correct calculated to be 

enough resistant to support the weight of the tree and also to supply the parts with material, 

avoiding the solidification of the liquid alloy onto the channels. Wrong or improper sizing of wax 

tree may lead to different defects on the metal parts surfaces, such as: incomplete filling with metal, 

shrinkage porosity, inclusions, etc. 

Experimental Results and Surface Analysis 

Due to high cost of dies, because of design time, production and tools cost, we can say that for 

small series production or prototypes die casting technology can be successfully replaced by 

investment casting.  

Investment casting, besides some disadvantage because of manual work and time not very short 

for parts manufacturing, can produce complex parts with high surface quality. 

Microstructural analysis showed that, regarding the surface quality of cast parts, the investment 

casting process is very closed to die casting technology (Fig. 5).  

The precision of metal parts made by investment casting is depending of master model and wax 

patterns precision.  
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Fig. 5. Microstructure of cast parts through different casting technologies 

 

In Fig. 6 are shown examples of microstuctures from two different wax patterns. In the first 

image is shown a wax pattern with inclusions or foreign particles which can be introduce from 

outside. The figure on the right is presenting a clean surface of wax pattern, without outside 

particles.  The precision and surface quality of the metal parts is directly dependent on master model 

and wax patterns. 

 

  
Fig. 6. Microstructure of wax patterns 

 

The simulation and analysis of results indicates that the dimensions of the feeding network, 

specifically the supply channels are big enough to supply the parts with liquid metal and the 

shrinkage porosity defects have been avoided by adding the excess of material materials from the 
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gate and sprue. The surface roughness was analyzed in comparison with other casting technologies 

(sand casting and die casting). IC technologies is suitable for various industry components with 

shapes difficult to be manufactured using conventional technologies.  

Conclusions 

The software used for simulating the casting process allows a quicker transition between the 

design phases to the manufacturing process. The simulation process shows if the gating is suitable 

and wide enough for a proper quick flowing. That is why the simulation helps to optimize the 

manufacturing cycle and to save time and costs. Also, a higher productivity and casting quality are 

to be obtained, after casting simulations.  

A new algorithm for feeding network dimensioning was developed within these simulation tests 

undertaken within this case study. This algorithm allowed us to obtain metal parts with lower 

internal stress, a better material fill-up, lower porosity and a good structure of metal part. 
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