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Turbine blades are made from nickel based superalloys and are manufactured using the 

investment casting process, creating complex single crystal components. Molten metal is 

poured at temperatures over 1500°C into ceramic moulds with cores placed within to create 

cooling passages within the blades. As phenomena such as thermal expansion, creep, 

sintering and phase transformation occur within these ceramics, distortion results. This 

distortion can lead to variations in wall thickness of the blades and hence larger tolerances or 

thicker walls are required. The aim of this project is to incorporate the phenomena listed 

above into existing modelling capability to improve prediction within the casting process. 

 

Figure 1: Design schematics of the test rig and a screenshot of the created software  

In conjunction with improving mould deformation modelling, a number of parameters must 

be obtained to feed into the model to allow for validation. Unfortunately, the capability to 

measure two key parameters for the model, Young’s modulus and Poisson’s ratio, up to 

casting temperatures, was not available at either Rolls-Royce or at the University of 

Birmingham. The measurements are made by acoustic methods and an apparatus was built to 

evaluate the method at room temperature and a design capable of measuring up to 1550°C 

was developed (figure 1). Sapphire was measured at room temperature giving a Young’s 

modulus of 467 GPa, compared to literature values of approximately 460 GPa
[1]

. 

 

Figure 2: The modes of vibration relating to the moduli to calculate Poisson's ratio
[2]

. 



The method used to measure the Young’s modulus and Poisson’s ratio at high temperatures is 

known as the impact-excitation method. This involves striking a sample at an anti-node and 

measuring the vibration of the sample through the sound emitted. This sound is then analysed 

and through the use of a Fast Fourier Transform a fundamental frequency can be obtained. 

This frequency can be directly related to the Young’s modulus (Flexural mode) or the shear 

modulus (Torsion mode) depending on the mode of vibration investigated as shown in figure 

2. Poisson’s ratio can then be calculated from obtaining the two moduli.  

The equation to calculate these two moduli is ASTM standard C1259-08 [3]. A bespoke 

program was written in MatLab to control the whole process of measuring the moduli of 

interest, as shown in Figure 3.  

 

Figure 3: Flowchart of the procedure to measure the modulus value with increasing temperature 

Electronic hardware to control the stepper motors was constructed and cased in house and 

uses a pulse-width modulator to send electrical signals to the stepper motor, allowing a 

resolution of 1600 steps/revolution. It was impractical to manufacture the furnace and 

specialised ceramics used for impact excitation. For this reason, designs using SolidWorks 

were created as shown in Figure 1 and sent to manufacturers with expertise in these areas. A 

scientific microphone and preamplifier with a range of 6 Hz to 20 kHz and a dynamic range 

of 14.6-146 dB is to be used. Modelling was conducted to ensure the heat emanating from the 

furnace didn’t exceed the max operating temperature of the microphone. 
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