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Abstract- The primary objective of this research is to determine the accuracy of a Typical Gas Turbine Blade wax patterns 
which includes common areas in Turbine Blades, such as Airfoil, Platform and Root, produced by soft tooling RTV (room 
temperature vulcanization mold) methods, silicone rubber molds and epoxy molds as well as comparing them. It is essential 
to use the optimal injection parameters during molding in order to obtain good dimensional accuracy of wax patterns. From 
the current study it is noticed that the epoxy mold produces more accurate patterns than the silicone rubber mold. 
Furthermore, the range of dimensional changes in various directions of the wax patterns, were obtained. Average Shrinkage 
in direction along the length and width of the root in silicone rubber mold are almost 0.6%, 3.5% respectively. And 
perpendicular to Platform in direction of Airfoil is 0.6% approximately. Also average shrinkage in epoxy mold in direction 
along the length and width of the root are almost 1.1%, 0.6% respectively and perpendicular to Platform in direction of 
Airfoil is almost 0.6% too. These studies will help those who apply both rapid tooling and investment casting in turbine 
blades production to estimate the changes required in the initial CAD drawings to produce a final optimized casting model 
with minimal dimensional inaccuracy.  
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I. INTRODUCTION 
 
Turbine blades and vanes are some of the critical 
components of aircraft and power plant engines. 
Since the performance of the engine depends 
significantly on the shape and dimension of these 
components, close dimensional tolerances are 
specified for them. However, the super-alloy material 
that is used for making the blades and vanes has a 
very poor machinability and, therefore, these 
components are invariably produced by the shell-
mold investment-casting route directly as net-shaped 
products. 
The investment-casting procedure has several steps. 
To start with, a die usually made of metal, with an 
internal cavity designed based on the geometry of the 
component, is fabricated. A special wax-based 
material is injected into the die to form a pattern, 
which is then subjected to a number of alternate 
exposures of a ceramic slucco in order to build a 
green shell with the necessary thickness, after which 
the shell is dried. The shell is then fired after 
completely removing the wax using a steam 
autoclave. Super-alloy melt is then poured into the 
shell mold. The casting is accomplished through 
either the conventional method or directional 
solidification, and the shell is discarded. 
Finally, the gates and the risers are cut off from the 
solidified alloy to obtain the net-shape component. 
The fabrication of metallic die in conventional 
methods usually takes 4-5 weeks so it is time 
consuming and costly. To reduce the product 
development time and reduce the cost of 
manufacturing, the new technology of Rapid 
Prototyping (RP) has been used, which offers the 
potential to completely revolutionize the process of 
manufacture. This technology encompasses a group 

of manufacturing techniques, in which the shape of 
the physical part is generated by adding the material 
layer-by-layer.[1,2]  Rapid Tooling (RT) processes 
complement the RP options by being able to provide 
higher quantities of models in a wider variety of 
materials. Rapid tooling is a tooling fabrication 
method, which is a natural extension of rapid 
prototyping. [1-3]  
Stereolithographic (SLA) is one of the RP system 
methods based on photo polymerization of liquid 
monomer resin. The  
Surface layer of the resin is cured selectively by the 
laser beam following the path defined in the slicing 
model. After this layer has been created, the movable 
platform is lowered into the vat, a new thin layer of 
liquid monomer floods the model and the process is 
repeated. [1] 
In this study the combination of stereo lithography 
(SLA) process and rapid tooling techniques, are used 
for building. The prototype pattern and investment 
casting shells as well as silicone rubber moulds 
compared with epoxy moulds. 
 
II. METHODOLOGY 
 
As mentioned earlier, the focus of this research was 
to determine the dimensional accuracy and validity of 
a typical gas turbine blade wax patterns, produced by 
soft tooling (RTV) molds. For this purpose the first 
stage of EM85 gas turbine blade was chosen to study. 
Fig.1 illustrates the shape of EM85 blade with its 
different areas. To evaluate the dimensional 
performance of this blade wax patterns using rapid 
tooling process, some dimensions consisting of 
different sizes at different locations (A to K) were 
considered. Fig.2 shows some of the dimensions and 
presumed coordinate system. 
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Fig.1. The shape of EM85 blade 

 
First, the main sample of turbine blade was measured 
with Coordinate Measuring Machine (CMM), and 
then it was CAD modeled with SolidWorks software. 
Thereafter from the STL file, a master pattern of the 
blade (Quick cast model) was built using 3D-system-
SLA 5000 apparatus. Then mentioned dimensions 
measured on Quick cast model using accurate 
instruments, such as digital caliper with the accuracy 
of 0.01 mm.    

 
Fig.2. Measured dimensions of blade with coordinate system. 

 
Next, we made use of the sample Quick cast for 
making silicone rubber mold. After that epoxy mold 
were made by using tooling resin combined with 
aluminum powder and epoxy. The molding of the 
tools was considering negative slopes of turbine blade 
and done half and half. Fig.3 illustrates Quick cast 
model along with half the silicone rubber mold. 

 

 
Fig.3. Quick cast model with half the silicone rubber mold. 

Vacuum casting parameters were set according to 
experimental optimal rate. Then casting processes 
into silicone rubber mold were performed. After that 
wax injecting parameters, were also set according to 
the optimal rate [4], and wax injecting process into 
epoxy mold were performed too.  
On next stage, the samples were measured at exactly 
similar points to the ones on Quick cast sample. Table 
1, 2 show some of the results of Quick cast model 
along with some silicone rubber and epoxy molds 
waxes measurements respectively.  
 

Table1: Silicone rubber mold waxes measurements AA 

 
 

Table2: Epoxy mold waxes measurements 

 
 
III. RESULTS AND DISCUSSION 
 
Through comparing the measurement results 
indicated in tables 1, 2 and Fig. 4 it is concluded that 
the shrinkage in silicone rubber mold differs from the 
one in epoxy mold.  
This possible variation is mainly due to the difference 
in thermal conductivity of the two mold materials. 
The thermal conductivity of the epoxy mold is much 
higher than the silicone rubber mold.  
Therefore, for the same holding time, the amount of 
heat transferred from the wax patterns of the silicone 
rubber mold is much higher than that of the heat 
transferred from the wax patterns of the epoxy mold. 
Thus, the mold wax patterns with the higher 
temperature (i.e. the wax pattern made from the 
silicone rubber mold) will shrink more. 
Furthermore, the shrinkage percentage varies in 
different coordinate directions as shown in Fig.4. For 
example, the average wax shrinkage parameters in 
silicone rubber mold marked with A which is in 
direction of X coordinate axis is 0.6 whereas in area 
marked with B in direction of Y coordinate axis it is 
about 1.5. 
This variation will possibly depend on the direction 
of filling the silicone rubber mold. Since the mold is 
filled in direction of Y coordinate axis it is likely that, 
due to gravity force in this direction besides the 
waxes high temperature and long time for getting 
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cold, the shrinkage percentage in Y direction will be 
more than other directions. This variation is clearer in 
areas having large surface for thermal transferring. 

 
Fig.4. the vertical diagram for shrinkage rate of each area. 

 
Basically on airfoil surface, particular machining or 
chipping process are not performed in turbine blade 
investment casting process and obtained dimensions 
through this way is considered as approximately the 
final dimensions therefore, it is required to control the 
shrinkage percentage in these areas accurately and to 
take it into consideration when they are designed. 
 
CONCLUSIONS 
 
Based on this study it can be stated that in producing 
wax patterns of gas turbine blades by using both the 
epoxy mold and silicone rubber mold have their own 
advantages and disadvantages. 
Being flexible, RTV silicone rubber molds are able to 
produce wax patterns with complex shapes. However, 
from the point of the accuracy, epoxy molds 

performance is much better than silicone rubber 
molds as they can produce a more accurate and 
limited tolerance wax patterns. Therefore using an 
epoxy mold is a better choice if the requirement is to 
produce accurate patterns with minimum amount of 
distortion.   
 
Furthermore, the range of dimensional changes in 
various directions of Turbine Blade wax patterns, 
besides shrinkage percentage of effective parameters 
on airfoil efficiency such as maximum thickness and 
length of chord were obtained. 
These studies will help those who apply investment 
casting in turbine blade production to estimate the 
changes required in the initial CAD drawings to 
produce a final optimized casting model with 
minimal dimensional inaccuracy. 
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