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AEROSPACE NDE

High-pressure turbine blades in a gas turbine engine are 
constantly exposed to extremely hostile operating conditions, 
where temperatures can regularly exceed the melting point 
of the parent material. These conditions make the blades 
susceptible to thermal fatigue cracking, corrosion and, in 
some cases, damage due to particle impact. The required 
inspection method in aerospace for finding surface-breaking 
defects is Fluorescent Penetrant Inspection (FPI). However, 
the blade must be extensively cleaned prior to FPI and 
this represents a considerable cost in terms of time and 
resource, particularly if the blade is subsequently found 
to be unserviceable. Therefore, the ability to inspect such 
components prior to the cleaning stage is an attractive 
proposition.
This paper describes the use of laser strain techniques to 
identify cracks in high-pressure turbine blades as a means of 
conducting inspections in the engine-ran condition. A set of 
nine blades were cleaned and inspected in the conventional 
manner using FPI, with all highlighted defects recorded 
photographically. Next, laser shearography techniques were 
applied to the test set using a bespoke laboratory system. 
Distortions in the resultant fringe patterns caused by 
defects in the material were then used to identify the cracks. 
All cracks highlighted by FPI were also found using the 
shearography method. In addition, the laser shearography 
technique highlighted a region of impact damage on the 
aerofoil of one blade, not identified at the first inspection. 

1. Introduction
The turbine section has a vital role to play in the operation of a 
gas turbine engine, particularly in aerospace. The temperature, and 
hence pressure and velocity, of the gases exiting the combustion 
chamber can have a direct influence on the overall performance 
of the engine. The first components that these gases encounter are 
high-pressure nozzle guide vanes and turbine blades. It is crucial 
that these components are able to operate efficiently within these 
hostile environments, where operating temperatures frequently 
exceed the melting point of the blade parent material. Given this, 
the rotating blades are liable to thermal fatigue cracks and corrosion 
at various areas on the component. After a pre-specified operational 
time designated at the design stage, these blades are removed for 
inspection and repair, or replacement, depending on their condition. 
Aviation authorities mandate that inspection for surface-breaking 
cracks be carried out using Fluorescent Penetrant Inspection (FPI).

When conducting FPI, the components must be completely 
clean with no surface contamination present, otherwise indications 
may appear that are not due to cracks alone, resulting in false defect 
calls. Due to the operating conditions experienced by these blades, it 
is not a trivial operation to prepare the surface to the finish required 
for inspection, and this process can be both time-consuming and 
expensive. This expense is increased considerably when blades 
are scrapped immediately after the inspection stage. Therefore, the 
introduction of an NDE technique prior to cleaning that can identify 
obvious scrap independent of surface contaminant is an attractive 
cost-saving proposition. Laser shearography presents itself as a 
potential solution to this challenge. Moreover, the capability to 
inspect under such conditions leads to the exciting possibility of 
inspection under various coatings.

This paper describes the use of laser shearography for the front-
end inspection of high-pressure engine-ran turbine blades for the 
removal of obvious scrap. The samples used have been previously 
scrapped for cracking at various regions with images of the FPI 
inspection provided for comparison. A bespoke experimental 
set-up at Laser Optical Engineering, Loughborough, was employed 
to measure discontinuities in the strain fields of the blades due 
to defects. Results indicate that this method can locate relatively 
large cracks, sufficient to scrap a blade, in addition to other defects 
such as impact damage on the aerofoil, not detectable by FPI. The 
potential for this work to be used on components in the engine-ran 
condition is also discussed.

2. Laser shearography
Laser speckle strain imaging has long been used in NDT studies 
of materials, components and structures. Laser speckle strain 
imaging is based around the science of holography, which is well-
established as a method of recording three-dimensional images. 
In holography, two laser beams are used: one to illuminate the 
object and a second beam as a reference beam, ie not reflected by 
the object. The two beams are combined and their interference 
pattern recorded on holographic film or plate. The image on the 
film is then viewed by shining the reference beam on the developed 
film. In holographic interferometry, this hologram is now double-
exposed with the object undergoing some deformation between the 
exposures. The two-recorded images optically interfere with each 
other, resulting in fringe patterns covering the viewed hologram. 
These fringes represent the deformation undergone by the object, 
rather like contours on a map.

This technique was then developed in the 1970s by Loughborough 
University by replacing holographic plates with television cameras 
and subsequently became known as Electronic Speckle Pattern 
Interferometry (ESPI). This technique exploits the phenomenon of 
laser ‘speckle patterns’. ESPI involves first recording the object’s 
speckle pattern with a television camera. This reference speckle 
pattern is then electronically combined with a second speckle pattern 
from the deformed object to produce computer-generated fringes. 
Each subsequent television picture is then compared digitally with 
the initial stored reference image and changes in displacement are 
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seen as movements in these fringes across the object. 
This approach gives a ‘live’ display of displacement fringes, 

with the fringe sensitivity (or displacement contours) being half 
the wavelength of the laser beam (typically 266 nm). This high 
sensitivity results in fringe numbers that are far too great for any 
meaningful engineering structure undergoing normal loading. 
Furthermore, displacement maps are not particularly useful, since 
it is strain fields (the differential or rate of change of in-plane 
displacement) that are of interest. Analysis of the strain patterns 
can be used to locate cracks, impact damage and other material 
defects.

The LOE Strain Mapper is designed to be sensitive to both in-plane 
and out-of-plane strain, allowing it to detect a higher proportion of 
anomalies or defects than conventional shearography.

As a result, this technique can provide an assessment of the 
entire blade structure through one or more such shots, with the 
blade being rotated to ensure complete coverage. Furthermore, this 
is a quick inspection as each shot takes around 30 s to capture.

3. Methodology
Initially, the LOE Strain Mapper was used to investigate the 
turbine blades using thermal loading of the targets. Each blade is 
approximately 80 mm in height and 35 mm at the widest point on 
the platform. Whilst the whole of the face of the blade could be 
tested in this way, the level of magnification of the Strain Mapper 
was not sufficient to enable the small cracks in the blades to be 
detected. In order to achieve the level of magnification necessary to 
detect the small defects, a bespoke shearography system was built. 
The system layout was identical to the Strain Mapper but used a 
different imaging lens arrangement, shown in Figure 2. Importantly, 

the blades used in this work were cleaned and subject to FPI prior 
to the shearography testing.

Experience shows the most responsive loading technique is 
often thermal loading, relying on the small thermal expansion and 
differences in rates of heat transfer to highlight anomalous regions 
and defects. In this case it was quickly established that this method 
of loading gave good results and highlighted the small defects. 
Mechanical loading was also tested by clamping the base of the 
turbine blade to the optics table and applying torsional load to the 
top of the blade. Although this method gave good fringe patterns 
across the body of the blade, the small defects at the top of the 
blades where not clearly visible.

Thermal loading of the blades was achieved by the use of a 
heat gun. For the examination of the top area of the blades, heat 
was applied from the top, whereas for the larger surfaces heat was 
applied directly to the surface. In both cases, heat was applied for 
approximately three seconds. The change in stressed state could 
then be observed using the shearography system, and the results 
captured on the computer for later analysis. For this experiment 
a white developer powder was used to coat the surface in order to 
maximise the returned signal.

4. Results
Tests were completed on nine clean, cracked blades that had 
already undergone inspection via FPI. Any indications from the 
FPI were marked and photographed in detail under UV light to 
act as a comparative measure against the shearography work. It is 
important to note that three un-cracked blades were also subjected 
to testing in order to provide reference fringe patterns and strain 
fields for non-defective components (these blades were scrapped 
for alternative reasons). Figure 3 illustrates the fringe and strain 
patterns for an undamaged turbine blade. The strain patterns are 
colour representations of the fringe pattern concentrations and can 
make identification of anomalies easier for the operator.

The cracks highlighted through FPI were all found using the 
shearography system with a thermal loading. All of the cracks 
were located in the shroud area of the blade and varied in size 
and morphology. Figures 4 and 5 show the images of the FPI, 
fringe patterns and strain maps for two of the blades. The image 
alignment for the shearography results may vary slightly from the 
FPI image, hence the crack locations may appear to be different 
upon initial inspection. However, this proves not to be the case. 
From Figure 4(a), the small crack (0.9 mm in length) on the shroud 
and the trailing edge is clearly visible with the penetrant with 
no background present to complicate the inspection. The fringe 
patterns generated from the shearography test, shown in Figure 
4(b), indicate the presence of this crack via kinks or concentrations 
in the fringe patterns. This is verified through a region of higher 
intensity in the strain map, clearly visible as the darker region in 
Figure 4(c). 

Figure 1. Schematic of the Strain Mapper system used 
throughout this work

Figure 3. Undamaged turbine blade shroud for reference: (a) 
fringe patterns; (b) strain map. The blade was subjected to the 
same test procedure as the cracked samples

Figure 2. Experimental arrangement of Strain Mapper with 
modified lens system to facilitate greater magnification for the 
detection of small defects on turbine blades
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The effect of a crack on both the fringe pattern concentration 
and strain field is more pronounced when a larger crack is present 
in the component. Figure 5(a) shows the FPI image for a larger 
crack (approximately 4 mm in length) again in the shroud but this 
time on the leading-edge side and extending into the aerofoil radius. 
The concentration of the fringe patterns is much more discernable, 
as shown in Figure 5(b), and the region increase strain intensity is 
extended in comparison to the smaller crack, illustrated in Figure 
5(c). Importantly, there is an indication that the influence of the 
crack may extend beyond that revealed by FPI. 

 Due to the nature of laser shearography in that it highlights 
defects by measuring the change induced in the material properties 
through strain variations, the technique has the ability to locate 
defects that do not break the surface, such as impact damage, 

which FPI cannot. Indeed, this capability was demonstrated when a 
region of impact damage on the blade aerofoil generated a notable 
distortion of the fringe patterns, clearly visible in Figure 6(a). Once 
again, a colour map of strain was produced in order to make the 
interpretation of the fringe patterns more intuitive, Figure 6(b), 
although in this instance the defect produces a decrease in fringe 
concentration, shown a lighter region in the image, and is not as 
evident as the previous examples.

5. Conclusions
Laser strain mapping has demonstrated the ability to find small 
defects on complex turbine blade shapes used in the aerospace 
industry. Modifications to the lens system of the Strain Mapper 
system were required in order to provide adequate resolution to 
enable the detection of small defects. The system successfully found 
all the cracks highlighted by FPI on a sample set of nine blades 
while also detecting surface impact damage on the aerofoil of one 
blade, not detectable via FPI. The defects appear as distortions, 
or concentration anomalies, in the fringe patterns generated when 
the component is thermally stressed. However, correct assessment 
of these complex patterns can require expert analysis to correctly 
identify actual defects.

This series of inspections was carried out on the blades after 
extensive cleaning, however there exists the possibility to inspect 
the blades prior to cleaning. Indeed, these blades had a white 
developer coating applied to the surface to remove spurious 
reflections for the metallic surface and ensure a better signal quality, 
with the inference that the developer coating may mimic the surface 
without preparation. Alternatively, implementing an infrared laser 
would negate the requirement for the white developer coating. For 
blades that remain in the engine-ran condition, the presence of 
contaminant may in fact aid the inspection method. Further work 
on such components is planned in order to fully test the veracity of 
this postulation as initial trials on dirty blades have yielded positive 
preliminary results and will be the subject of future publications.
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Figure 4. Leading edge shroud with small crack: (a) FPI image; 
(b) fringe patterns; (c) strain map

Figure 5. Leading edge shroud with small crack: (a) FPI image; 
(b) fringe patterns; (c) strain map

Figure 6. Image damage on turbine blade aerofoil: (a) fringe 
patterns; (b) strain map. The defect shows up as an area of 
lower fringe concentration


