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Abstract. Turbine blades in aircraft engines are components that are exposed to 
high temperatures, high mechanical loads and corrosion. To protect the base 
material a thin metallic corrosion protective layer as well as a ceramic thermal 
barrier coating (TBC) is usually applied to the first stage turbine blades. Due to the 
low magnetic permeability and electric conductivity a differentiated material 
characterization of the 20 … 100 µm thick corrosion protective coating and the base 
material is difficult using conventional eddy current technology.  
 The usage of high-frequency eddy current technology in the frequency range 
up to 100 MHz allows a significant reduction of the eddy current penetration depth 
and is therefore well suited for the non-destructive material characterization of thin 
metallic coatings on a metallic base material. Experimental investigations were 
carried out using Inconel 718 samples with 20 … 300 µm thick, thermal sprayed 
NiCrAlY coatings as well as high pressure turbine blades made of PWA 1426 and 
PWA 1440 with PtAl- or MCrAlY coatings and TBCs. It will be shown that the HF 
eddy current technology allows a quick estimation of the turbine blade’s corrosion 
protective layer condition and TBC thickness in one measurement by analysing the 
local electric characteristics and the lift-off effect. 

1. Introduction  

Thin metallic or non-metallic coatings are often used to protect a base material against high 
temperatures or against corrosion. As an example, the first stage turbine blades in aircraft 
engines are highly loaded components and therefore coated with a thin metallic corrosion 
protective layer (MCrAlY) and a ceramic thermal barrier coating (TBC). During the turbine 
blades lifetime the TBC thickness can be reduced by erosion or spalling, whereas in highly 
loaded areas the corrosion protective layers chemical composition changes [1], [2]. Due to 
the fact that turbine blades are extremely expensive and safety-relevant components, a 
reliable non-destructive characterization of the coating condition is of paramount interest.  

2. Measuring system 

The highest testing frequency of conventional eddy current testing systems is usually 
limited to a few MHz. In combination with a very low electrical conductivity and a low 
magnetic permeability, the eddy current penetration depth can nevertheless reach several 
millimetres. Therefore a differentiated material characterization of the turbine blades nickel 
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base material with a typical electrical conductivity of 0.6 MS/m and their 20 … 100 µm 
thick corrosion protective layer with a typical electrical conductivity of 1 MS/m requires a 
testing frequency of 25 MHz or above [3], [4], [5], as can be seen in the FEM simulation 
results in Figure 1. The following experimental investigations were carried out using an 
eddy current testing system with a maximum test frequency of 100 MHz and a very small 
HF-sensor with a flat excitation and measuring coil. 
 

 
Fig. 1. Eddy current penetration depth in a coated sample at various test frequencies  

3. Characterization of thin, thermally sprayed coatings  

To study the fundamental characteristics of the measuring signal depending on the coating 
thickness and quality, in a first step extensive investigations were carried out using an 
Inconel 718 base material with different thermally sprayed NiCrAlY coatings. 

3.1 Atmospheric plasma sprayed coatings (APS) 

Figure 2 shows the eddy current measuring signal in the impedance plane of six Inconel 
718 samples with APS-coatings of varying thickness, using two different test frequencies. 
In order to show the lift-off -effect in the signal’s real part and to separate it from the 
measuring effect (the electrical conductivity) in the imaginary part, the measuring signal 
was phase-shifted. The correct phase shift is controlled by performing and depicting two 
measuring series - one with the sensor in contact with the sample and one with a 40 µm lift-
off  (dashed line).  
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Fig. 2. Characterization of thermally sprayed APS coatings  

Due to the typical process conditions, APS coatings usually contain a relative high amount 
of pores (5 … 10 %) and non-conductive oxides that reduce the electrical conductivity of 
the coating layer, fig. 3. As can be seen in the measuring results, the coatings conductivity 
is lower than the conductivity of the base material and the signal’s imaginary part increases 
with increasing coating thickness. At a test frequency of 25 MHz the eddy current 
penetration depth is lower than 130 µm, therefore no significant difference between the 
130 µm and the 180 µm thick coating can be seen in the imaginary part. The slight shift in 
the signal’s real part depends on the surface roughness that is approx. Rz = 15 µm for the 
uncoated base material, typically Rz = 32 µm for the sprayed coating’s surface and 
Rz = 38 µm for the 130 µm thick coating.  
At a test frequency of 2.5 MHz the higher eddy current penetration depth results in 
distinguishable measuring signals for the 130 µm and 180 µm thick coatings. In contrast, 
the 20 µm thin coating has only a negligible effect on the measuring signal. 

 

 

Fig. 3. Microstructure of the APS coated samples  

3.2 High velocity oxygen fuel sprayed coatings (HVOF) 

Figure 4 shows the eddy current measuring signal of six Inconel 718 samples with HVOF-
coatings of varying thickness. The investigated HVOF coatings usually contain only a low 
amount of pores and non-conductive oxides and reach a higher electrical conductivity than 
the base material. Therefore the signal’s imaginary part typically decreases with increasing 
coating thickness as can be seen for the 130 … 300 µm thick coatings. By contrast, the 
20 µm and 50 µm thick coatings feature a different behaviour with an increasing imaginary 
part of the signals. 
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Fig. 4. Characterization of thermal sprayed HVOF coatings  

Microstructural investigations showed a rugged surface and lots of finely dispersed 
“cracks” in both HVOF coatings, leading to a disturbed eddy current formation and a 
reduced conductivity in these thin coating layers, fig. 5. At a test frequency of 25 MHz the 
eddy current penetration depth is lower than 130 µm, therefore no significant difference 
between the 130 µm and the 300 µm thick coating can be seen in the imaginary part. At a 
test frequency of 2.5 MHz the higher eddy current penetration depth results in 
distinguishable measuring signals from the 130 … 300 µm thick coatings. In contrast, the 
20 µm and 50 µm thin coatings have only a negligible effect on the measuring signal. 
 

 
Fig. 5. Microstructure of the HVOF coated samples  

4. Characterization of the multilayer coating systems on turbine blades 

In the following the multilayer coating systems of “stage 1” and “stage 2” high pressure 
turbine blades made from PWA 1440 and PWA 1426 with a MCrAlY corrosion protective 
layer and a ceramic thermal barrier coating are characterized. 

 

4.1 Corrosion protective layer 

During a turbine blade’s lifetime the metallic aluminium of the MCrAlY corrosion 
protective layer is consumed by oxidation and eventually transformed into non-conductive 
Al 2O3. This leads to a decreasing conductivity and can be used to estimate the coatings 
condition. 



5 

Figure 6 shows a stage 2 turbine blade with a gradually decoated corrosion protective layer 
and the associated eddy current measuring signals in the impedance plane. The MCrAlY 
coating features a significantly higher electrical conductivity than the base material, which 
results in a decrease of the signal’s imaginary part with increasing layer thickness. Due to 
the curved shape of the turbine blade, a reliable vertical alignment of the sensor is hardly 
possible. In order to compensate the associated tilt -effect, and thus to record the highest 
possible real part of the signal, the sensor was tilted by several degrees in a defined manner 
during the measurement.  

 
Fig. 6. Characterization of the turbine blades gradually decoated corrosion protective layer  

4.2 Simultaneous characterisation of the corrosion protective layer condition and the TBC 
layer thickness 

Turbine blades can be refurbished only a limited number of times. Therefore a reliable non-
destructive characterization of the corrosion protective layer condition before stripping the 
TBC is of great interest. 
Figure 7 shows a selection of different stage 1 turbine blades in the conditions 

- without TBC, completely decoated, sandblasted (black) 
- without TBC, nearly completely decoated (yellow) 
- without TBC, incompletely decoated (red) 
- with TBC, polluted surface before cleaning (green, blue) 
- with TBC, after cleaning (purple) 

and the associated eddy current measuring signals in the impedance plane. 
Due to the small sized turbine blades of the first stage a modified sensor and a slightly 
higher test frequency had to be used. It can be seen that the completely decoated and 
sandblasted turbine blade achieves the highest imaginary part due to the lowest electrical 
conductivity. The turbine blades with a TBC show a significantly higher electrical 
conductivity due to the underlying and still existing, not fully consumed corrosion 
protective coating. The TBC leads to a signal shift in the real part, whereby both polluted 
blades show a more pronounced lift-off -effect than the clean blade. 
With additional calibration samples (e.g. a turbine blade with a brand new coating), a 
reliable and non-destructive estimation of the corrosion protective layers condition and the 
TBC layers thickness would be possible within one measurement. 
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Fig. 7. Characterization of the turbine blades corrosion protective and TBC layer  

5. Conclusions 

The high-frequency eddy current technology can be used to characterize very thin coatings 
of a few hundred microns thickness with a low electrical conductivity (e.g. thermally 
sprayed coatings) separately from the substrate. One promising application for this new 
technique is the non-destructive estimation of the TBC layers thickness bases on the lift-
off-effect and the underlying very thin corrosion protective layers condition on turbine 
blades in one fast measurement. 
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