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Abstract: Aerospace firms that design and construct jet engines frequently contract with investment casting 

foundries to manufacture turbine blades. Aerospace firms have discovered that casting flaws significantly 

affect the price they pay foundries for turbine blades. Porosity, tension, grain, fill, and mold-related flaws 

are among the different forms of defects. Aerospace industries have implemented a design for production 

strategy to reduce the cost of turbine blades in order to address the defect issue. This thesis' main goal was 

to determine how the turbine blade's important part features affect the quantity of manufacturing flaws 

observed throughout the casting process. imperfections. 

A shorter holding period will result in a more precise design, but because it is too soft, it will distort when 

taken out of the mold. More shrinkage will result from an excessively long holding period. The sole factor 

affecting the silicone mold's wax pattern proportions is the injection temperature. Measurements of the 

dimensional inaccuracies that occur during dipping reveal that, on average, the dimension is reduced by 

0.2 to 0.4%. The investment caster will be better able to predict the allowance needed in the original CAD 

drawings to create a final casting with the least amount of dimensional inaccuracy thanks to these studies. 
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I. INTRODUCTION 

A number of crucial requirements must be met in order to guarantee proper operation at operating temperatures since 

turbine blades are essential to the performance of sophisticated turbine engines (Ref 1). These requirements include 

mechanical and thermal fatigue strength as well as creep strength at high temperatures. Since turbine engines' efficiency 

rises with temperature, a lot of work has gone into creating sophisticated alloys that can operate steadily in harsh 

environments. Since wind conditions on wind turbine sites are unpredictable, wind turbine (W/T) blades experience 

extremely complicated loading sequences while in operation. Through a certification process, the appropriateness of a 

specific W/T blade to function on a given site is evaluated. This comprises subjecting the W/T blade to a number of 

static and fatigue laboratory tests. In accordance with the relevant design standards, these tests are intended to 

determine whether the blade can withstand applied (static and fatigue) loads [1], [2]. The applied static loads are 

intended to replicate a 1-in-50-year gust and are applied to the blade for ten seconds during testing. The same blade is 

then subjected to an accelerated 20-year fatigue lifetime test. 

 

II. EXPERIMENTAL METHODOLOGY 

Reducing dimensional errors in the wax pattern production process through the use of hard or soft tooling is one of the 

main goals of this project. In order to improve the product's dimensional correctness, efforts have been made to 

optimize the injection settings in this study. Additionally, a comparison is provided between the dimensional precision 

of wax patterns generated using soft and hard tooling. 

 

DESIGN OF PATTERN  

Several factors were taken into consideration when designing the product's precise shape for this investigation. The 

following are some of the main factors taken into account when designing the product's shape: It should have both 

limited and unconstrained dimensions so that the differences between soft and hard tooling can be compared; (a) the 
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shape should be complex enough to remove the wax pattern from the mold easily; (b) features should be complex 

enough to distort the shape easily. Taking into account all of these factors, the

since it meets the majority of the previously described criteria. One type of precision casting procedure is investment 

casting. 

The need for practical metal working prototypes rises as industries expand. Only the form

be ascertained using other RPM techniques, such as SLA, and not their functionality. Investment casting can be used to 

create a metal prototype, which is the only way to achieve the latter. Therefore, as the demand for more p

prototypes increases, the capacity to manage and improve the accuracy is receiving greater attention.

The gating system (alloy, pouring temperature, placement of gates and risers, positioning of casting on sprue, mould 

filling method), mould system (type, material, dewax method, wrapping, backing material), and wax system (pattern 

wax, wax press, injection parameters) are the areas that impact the dimensional accuracy.

increase the precision of each stage in order to

a number of flaws, including die design, sprue size, injection characteristics, mold filling and temperature, wax pattern 

composition, and wax preparation, it makes sense to begin
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shape should be complex enough to remove the wax pattern from the mold easily; (b) features should be complex 

enough to distort the shape easily. Taking into account all of these factors, the shape depicted in Figure 1 is chosen 

since it meets the majority of the previously described criteria. One type of precision casting procedure is investment 

The need for practical metal working prototypes rises as industries expand. Only the form and fit of the prototypes may 

be ascertained using other RPM techniques, such as SLA, and not their functionality. Investment casting can be used to 

create a metal prototype, which is the only way to achieve the latter. Therefore, as the demand for more p

prototypes increases, the capacity to manage and improve the accuracy is receiving greater attention.

The gating system (alloy, pouring temperature, placement of gates and risers, positioning of casting on sprue, mould 

ystem (type, material, dewax method, wrapping, backing material), and wax system (pattern 

wax, wax press, injection parameters) are the areas that impact the dimensional accuracy. Therefore, it is crucial to 

increase the precision of each stage in order to increase the casting's total accuracy. Since the wax pattern is affected by 

a number of flaws, including die design, sprue size, injection characteristics, mold filling and temperature, wax pattern 

composition, and wax preparation, it makes sense to begin enhancing the accuracy with the wax system.

  
Fig.2.1 Side view & Top view 
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shape should be complex enough to remove the wax pattern from the mold easily; (b) features should be complex 

shape depicted in Figure 1 is chosen 

since it meets the majority of the previously described criteria. One type of precision casting procedure is investment 

and fit of the prototypes may 

be ascertained using other RPM techniques, such as SLA, and not their functionality. Investment casting can be used to 

create a metal prototype, which is the only way to achieve the latter. Therefore, as the demand for more precise metal 

prototypes increases, the capacity to manage and improve the accuracy is receiving greater attention. 

The gating system (alloy, pouring temperature, placement of gates and risers, positioning of casting on sprue, mould 

ystem (type, material, dewax method, wrapping, backing material), and wax system (pattern 

Therefore, it is crucial to 

increase the casting's total accuracy. Since the wax pattern is affected by 

a number of flaws, including die design, sprue size, injection characteristics, mold filling and temperature, wax pattern 

enhancing the accuracy with the wax system. 

 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                               International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 4, Issue 3, October 2024 

Copyright to IJARSCT DOI: 10.48175/568   119 

www.ijarsct.co.in  

Impact Factor: 7.53 

III. EXPERIMENTAL PROCEDURE 

Investment casting 

In investment casting, the mold cavity is created by melting the wax used to make the pattern. The following figure 

shows the investment casting production steps: 

 
As a result, an investment casting mold is made up of separate layers of granular and fine refractory material that are 

kept together by a binder that has solidified into a gel. There is flexibility in altering each layer's makeup. The wax 

pattern can be removed using a variety of techniques, most commonly steam autoclaving, which leaves a hollow shell 

behind. After being shot, molten metal is poured into shells, where it hardens. The pieces are obtained by mechanically 

or chemically removing the ceramic shell after casting. 

A growing number of aerospace components are being made using the investment casting technique, which has proven 

very effective in producing single crystal turbine blades. Since the Environmental Protection Act was introduced, issues 

with ceramic shell materials have gotten worse.  

Using an expendable pattern, engineering castings are produced as part of the investment casting process. The ideas 

date back to 5000 BC, when Early Man used the process to make crude implements. After centuries of use of jewelry 

and creative objects, the development of aircraft and later technical components preceded the Second World War. 

Using mobile ceramic slurry, investment casting produces a smooth mold for components with precise dimensions. 

Because there is less waste, this is less expensive than forging or machining. Multicomponent slurries are made, pattern 

wax is dipped into the slurry, and the mixture is then dried. 
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IV. CONCLUSION 

To stay competitive, the investment casting business must now lower manufacturing costs, improve existing casting 

quality, and investigate new markets. Achieving these goals will largely depend on optimizing the material's 

mechanical and physical characteristics. Because regulated moisture removal must be used, the mold's production takes 

a long time—between 24 and 72 hours, depending on the component. The two most important rate-limiting elements in 

the industry's efforts to cut lead times and manufacturing costs are drying and strength development 

 


