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Abstract. With respect to the properties of modern intermetallic materials for 

turbine blades, even small crack sizes have to be detected in the blade roots. 

Currently the general inspection method for this kind of parts is fluorescent 

penetrant inspection. For verification of detected defects, further  inspection 

methods are necessary. The first tests of these additional methods, high frequency 

eddy current as well as ultrasonic Rayleigh waves were successful. The advantages 

and the disadvantages and limitations of these two additional inspection methods 

will be discussed.  

1. Introduction 

 

Intermetallic alloys are investigated since the 50´s for aero engine application. They are a 

replacement for heavy Nickel alloys in high temperature areas of turbine engines. In 

comparison to conventional Titanium alloys, they have a higher temperature resistance up to 

750°C. Under operation conditions, Titaniumaluminides have proper strength and stiffness 

conditions. With their lower density which results in a lower weight, resulting is a lower 

centrifugal force and the dynamic response of an engine improves. Under room temperature, 

Titaniumaluminides has a very low ductility. With respect to the low ductility, manufacturing 

has to be done with great care to prevent damaging the part caused by high forces and 

vibration. It must be ensured that a pre-damaging from manufacturing does not exist in a 

manufactured part [1,2]. To cover the requirements of structural integrity, it is necessary to 

detect a flaw in half-penny shape with a radii of 200µm.  To have further NDT methods on top 

to a fluorescent penetrant inspection, MTU Aero Engines AG is investigating different 

techniques for detecting the required initial cracks. Trials with high frequency eddy current and 

ultrasonic surface waves did show a high potential for these two techniques.  
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Fig. 1: Raw shell of turbine engine blade made of  ���� 

 

2. Blade root inspection with Rayleigh waves 

2.1 Basics for Rayleigh waves 
 

Fig. 2 displays the schematic behavior of Rayleigh waves on a crack. Interaction of a rayleigh 

wave and a crack lead to a direct reflection, there is also a mode conversion to volume waves 

(longitudinal waves and shear waves) . Only the primary reflection is used for crack detection. 

The energy of the primary reflection is up to 40 % of the total energy of the incoming Rayleigh 

wave. A huge amount (approx. 50 %) is transformed in mode converted volume waves, the 

remaining energy is  transmitted thru the crack area (up to 10%). This approximations are for 

optimum conditions, real cracks have a rough surface. On top ultrasonic waves can be scattered 

and bent. Considering this phenomena is very important, for cases when the defect size is small 

in comparison to the wave length. A typical fatigue crack on a surface has a half-penny shape 

with radii between 10 µm and 1mm [2].        

 

 
Fig. 2: Rayleigh-wave behavior on crack (J.L. Blackshire, 2003 [4]) 

 

2.2 Crack detection using Rayleigh waves  

 

Natural cracks do not look like the optimized artificial notches which are usually used for 

studies and calibration. Considering this it is necessary to investigate the detectability of 

cracks with different geometric orientation. For that variations in crack orientation angle up 

to +/-10° are used. This will be represented by a test block made of TiAl with 

representative EDM notches.  
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Fig. 3:  � − ���� Test block with EDM notches  

 

Three different inspection frequencies are used to investigate resolution and range 

of detection. The experiments are executed with following transducers (couplant water, 

(c=1480m/s)):  

 

Table 1: Overview transducers (Focal spot and length measured at -6dB) 

 
 

 

During scanning with Rayleigh waves, the water path shall be constant to ensure the 

maximum sound pressure on the inspection surface. The water path is adjusted on the edge 

of the sample. As there is no interface and backwall echo, the gate can be used with a wide 

range. Two measurement cases (variation of incidence angle and variation of the defect 

angle) are analyzed,  by using three different transducers.  The  angle of incidence is be 

varied around the critical angle, which is used to generate Rayleigh waves. The gain is 

adjusted to get a maximum reflection of 90% fullscreen height [2]. Scanning is performed 

in meander shape with a increment of 0.1mm. 

 

Setup: 

 
Fig. 4: Setup and resulting C-scan 

 

The lower elongated indication on the c-scan in Fig. 4 shows the direct reflection of the 

longitudinal wave in immersion technique. The upper elongated detection with the same 
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characteristics is resulting from the edge detection by Rayleigh wave. Aim of the 

experiments is the detection of the artificial cracks with a Signal to Noise Ratio (SNR) of 

12dB. 

 

2.3 Variation of incidence angle 

 

With respect to Snell´s law and the physics of Rayleigh waves, the angle for Rayleigh wave 

animation can be calculated with approx. 24° for TiAl. For the experiments the angle is 

varied between 21° and 27°. In the diagram (Fig. 5)  can be seen that a good SNR is 

obtained for angles between 23°-25°. Resulting a variation of +/-1° would be acceptable, 

when water is used as delay medium. A change to a Rexolite delay line will reduce this 

value for around 50%, caused by the different sound velocity in the delay line. 

 

 
Fig. 5: SNR on notches with different orientation, transducer UTX IX-593 (25MHz) 

 

2.4 Investigation of further frequencies  

 

The detectability of flaws with low crack depth rises with higher frequencies. This is 

caused by the wave length and the resulting lower depth of penetration. In Fig. 6 is visible 

that flaws with a crack depth of 100µm are detectable with all three transducers [2].  One 

further result of the usage of higher transducer frequencies is that the spatial resolution is 

better. Caused by the smaller diameter of the focal spot with increasing frequencies, a 

reduced scanning increment must be accepted, which leads to an increase in scanning time. 

 

 
Fig. 6: C-Scans under use of different frequencies 

  

Angle of incidence [°] 
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2.5 Scanning on blade root 

 

In Fig. 7 the scanning procedure of the backing flange is shown. The reflections of the radii 

are resulting in strong signal response on the beginning and the end of the scanning area, 

which can be seen in the C-scan of Fig 8. 

 

  
 

Fig. 7: Scanning setup 

 

  
Fig. 8: Blade root C-scan with detection of a surface flaw (EDM notch) 

 

Fig. 8 displays  the detection of a EDM notch (length=191µm, depth=74µm) under 

scanning with 25MHz. The measured SNR is 26dB. This proofs that surface flaws can be 

detected with this technique. 

 

2.6 Outlook: Advanced ultrasonic technique 

 

The high damping of the Rayleigh wave caused by the water path in immersion technique 

is a important limitation. Focus should be to have the Rayleigh wave on a border surface to 

air to reach a better operating distance. For this, the Rayleigh wave is generated in a 

conventional coupling technique. After generation of the Rayleigh wave is running along a 

uncoupled surface under air condition. A feasibility study is performed and successful. Fig. 

9 shows the next approach of a contact technique by use of an array to cover the whole 

inspection area with a B-scan.  
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Fig. 9: Possible inspection setup with a Rexolite delay line (left) and numerical CIVA 

simulation for prevention of interference caused by delay line reflections (right) 

 

3. Blade root inspection by eddy current 

 

The use of high frequency eddy current for surface defects in conductive material is very 

popular. In the constellation of a conductivity of 1%IACS and the requirement to detect 

defects with 200µm in depth, standard techniques cannot be used.  

 

3.1 Inspection approach 

 

A test setup with a differential probe and a special shape of the ferrite core shows the 

possibility of crack detection verified an a half penny shape  EDM notch, with 221µm in 

depth.  

 

3.2 Industrialisation by array technique 

 

Based on this experience an eddy current array system is developed to demonstrate the 

possibility to inspect blade roots economical. Due to the highly  sensitive calibration, the 

reliable positioning of the probes on the inspection surface is a strong requirement. For the 

coverage of the inspection surface 8 coils are necessary. Fig. 11 shows the individual setup 

of each coil by a spring loaded manner on a finalized inspection setup.        
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Fig. 10: Raw signal on calibration notch  

 

 
Fig. 11: Eddy current array setup for blade root inspection 

 

After balancing the probes it is possible to generate homogenous scans on defect free 

blades. The crack detection is shown in fig. 12. 

 

 
Fig. 12: 2 MHz C-Scan by array technique 

 

Edge effects 

Detection of artificial 

defects  



8 

4. Conclusion 

 

Both inspection techniques display the detection of small surface flaws. The field of eddy 

current testing is very well known in industrial application. After a successful POD study 

this technique can easily be used in a industrial production. Eddy current is able to detect 

surface flaws with 200µm in depth on a material with relative barely  conductivity. 

Limiting is a strong edge effect (in this case approximately 3mm each side).   

The inspection by ultrasonic Rayleigh waves display more capacity for smaller defects. A 

strong edge effect from Rayleigh waves is not given. To implement a Rayleigh wave 

technique to a industrial environment, more work is necessary to improve the technique 

with focus to an economical and save process. A POD study will be necessary. Personnel 

education and certification will be another challenge.         
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