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Abstract 

This paper gives an introduction to the modern application of 

shearography in the field of non-destructive component test-

ing. The spatial phase shift method with carrier frequency is 

shown for the simple Michelson interferometer setup with ap-

erture, which is used in the newly designed Interferoskop. The 

advantages of the setup allow advanced measurements with 

the innovative endoscopic strain measuring device. In an ex-

periment, flaw detections on turbine blades with coating dam-

age under thermal and pressure excitation are shown. In addi-

tion, a blade with a crack is measured under dynamic load and 

the flaw detection is carried out with the aid of the measured 

vibration modes. In addition to a further test with fast sweep 

vibration excitation, the first promising results with a hand-

held Interferoskop are presented. All results are discussed and 

future development steps of the project are described. 

1. Introduction

The interferometric full-field measurement method of digital 

shearography (DS) has already been established for non-de-

structive testing (NDT) applications, especially in prototype 

constructions in the aviation and aerospace industry [1] [2]. 

Measurement objects are illuminated with coherent laser 

light, which induce the so-called grainy speckle pattern. This 

interference-related phenomenon is observed with a camera 

through shearing optics. Every movement of the surface (e.g. 

caused by an excitation of the measuring object) causes a 

change in the speckle pattern, which correlates to the surface 

deformations in the sub-micrometer range. Through a phase 

shift technique, the therefore needed laser interference phase 

and difference phase (the so-called shearogram) can be cal-

culated. Via post processing, the deformation can be deter-

mined area-wide, cf. Figure 1. Anomalies in the deformation 

behaviour can indicate material defects. 

With today's camera standard with fast and high-resolution 

sensor chips (e.g. 5 Megapixel with a framerate of up to 

40 Hz), the shearographic evaluation method with spatial 

phase shift (SPS) delivers high-quality measurement results 

for the first time [3] [4] [5] p. 61 ff. This method allows the 

necessary laser phase information to be obtained in the video 

clock. In the past, four image recordings (temporal phase 

shift, TPS) were required. The SPS increases the measure-

ment stability of the DS enormously, furthermore dynamic 

measurements can be performed. The latter allows to apply 

transient excitation methods (e.g. lock-in, burst, sweep etc.), 

which greatly increases the detectability of all kinds of mate-

rial defects (e.g. impact damage, crack, void, delamination, 

undulation etc.). 

SPS launches the foundation for shearographic NDT in rough 

environments.  

Figure 1: Above, the shearogram of an excited plate 

(ca. 200 mm x 150 mm) shows typical butterfly pat-

terns; below, the post processing result indicates dif-

ferently dimensioned defects under the surface 

2. Spatial phase shift shearography

Many temporal and spatial phase shift methods were devel-

oped to extend interferometric measurement principles 

[3] p. 127 ff., [5] p. 59 ff. to determine the laser interference

phase Φ of an image acquisition. The interference phase is

calculated from the acquired intensity value Itotal for all pixels

over the sensor chip. The value Itotal results from the interfer-

ometric basic equation (eq. 1) [6]. The background intensity

I0, the laser modulation γ and the desired interference phase

Φ are unknown. In the following, it is shown how to proceed

with the SPS with carrier frequency, in order to determine Φ.
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where 

Itotal = Measured, total intensity per pixel 

I0  = Background intensity 

γ  = Laser contrast / modulation 

Φ  = Interference phase 

2.1. Michelson interferometer based SPS DS 

Xie, Yang, Xu and Chen presented a new design for SPS DS 

based on the Michelson interferometer [7]. Thanks to the sim-

ple design with pre-installed spatial aperture, cf. Figure 2, the 

higher stability of the SPS method can be fully exploited for 

practical NDT tasks. For this reason, the design was chosen 

for the further development of the Interferoskop (IFK), see 

3.1. The physical-mathematical background in the following 

is presented in a simple and descriptive way. More detailed 

information is provided in [3]. 

 

 
Figure 2: Spatial phase shift shearography according 

to the carrier frequency method with Michelson inter-

ferometers setup and additional aperture in front of the 

optical setup; the different colors of the light path do 

not correspond to their wavelength, they are chosen 

purely for the sake of clarity 

 

By passing through the spatial aperture, the laser light wave 

front, reflected from the measuring object, is been diffracted 

and results in a coarse-grained speckle pattern, cf. Figure 2. 

In order, the beam splitter divides it into two wave fronts of 

equal intensity with the phases φ1 and φ2, respectively. Both 

fronts are reflected at the mirrors, whereby one front is pur-

posefully sheared by the tilted shear mirror (shear angle β). 

The combination of both fronts in the beam splitter cube leads 

to interferometric superimposition, which is captured in the 

camera. The tilting of the two fronts to each other leads to a 

linearly increasing path difference across the image width. 

The interference phase Φ(x) = φ2(x) - φ1(x) which changes anal-

ogously, was schematically indicated in Figure 3. Due to the 

set path difference, an additional spatial frequency is applied 

to the coarse-grained speckle pattern. Only the coherent part 

of the light is modulated and the intensity of the non-coherent 

background light remains unchanged. 

 

                                                           
1 The 2D FFT Spectrum is center point symmetrical. 

 
Figure 3: Left, coarse-grained speckle pattern behind 

the spatial aperture without shearing, one speckle was 

marked orange; right, fine-grained speckle pattern 

with additional, spatial carrier frequency by shearing 

of the both wave fronts 

2.2. Evaluation of the carrier frequency 

By applying a two-dimensional Fourier transformation, the 

fine-grained, respective high frequency pattern can be distin-

guished from the coarse-grained pattern in spatial frequency 

domain, as shown in Figure 4. The middle spectrum S de-

scribes the unmodulated, incoherent background light. The 

maximum frequency fC (C=“cut-off“) describes eq. 2 [3]: 

 �� �
�

��
 (2) 

where 

fC = Maximum (cut-off) frequency of the spectra 

D = Aperture size of the spatial aperture 

λ = Wavelength of the laser light 

f = Lens focal length 

 

The left and right spectra S' contain equally1 the necessary in-

formation for the calculation of the interference phase Φ of 

the laser speckle pattern. The carrier frequency f0 of the fine-

grained spectrum, applied by the shear angle β, is described 

by eq. 3 [3]: 

 �� �
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�
 (3) 

where 

f0 = Carrier frequency of the fine-grained spectrum 

β = Shear angle 

 

After transformation of one of the two outer spectra S' back 

into the spatial domain with complex amplitudes via WIFT 

(windowed inverse Fourier Transformation), the interference 

phase can be calculated according to eq. 4 [3]. 

 � 
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where 

x = Spatial variable 

S’ = Spectrum with phase information 

 

The difference phase ∆ (the shearogram) is then simply cal-

culated from two interference phases for the loaded Φ’ and 

unloaded Φ component state. Hence, the constant carrier fre-

quency term 2πf0x is eliminated. 

 

 
Figure 4: Speckle pattern with carrier frequency in the 

spatial frequency domain (logarithmic amplitude im-

age); coarse-grained spectrum S centered with the 

maximum cut-off frequency fC, fine-grained spectrum 

S' left and right, the right one with carrier frequency f0 

3. Endoscopic DS 

For more than two decades there has been research and devel-

opment work in the field of endoscopic NDT, especially with 

optical laser interferometry [8] [9] [10]. Thus, visual exami-

nations for the evaluation of e.g. pressure vessels and pipe 

lines should have a higher informative value. The use of mod-

ern materials (CFRP, GFRP, NFRP, 3D prints, etc.) and com-

posites is constantly increasing, especially due to the neces-

sary requirements of lightweight construction in the aviation 

and aerospace industries, but also due to growing demand in 

the automotive industry [11] [12] [13]. Here the DS is predes-

tined, because it works material independent and contactless 

[14] [15] [16]. 

 

In response to these requirements, the Technical Laboratory 

OGKB of Trier University of Applied Sciences has developed 

a device for optical strain measurement in NDT, the so-called 

Interferoskop (IFK). The special feature compared to other 

endoscopic DS developments is the desired hand-guiding 

during the measurement, which is an extreme challenge in the 

field of sub-micrometer accurate laser interferometry. 

3.1. The Interferoskop (IFK) 

The Interferoskop combines the high-precision DS with the 

endoscopy to inspect difficult to access areas. Since the latest 

development, the device has been upgraded to version 5 with 

Michelson interferometer-based SPS. For the first time, quan-

titative measurements in the camera video clock can be deter-

mined by SPS. This allows deformation measurements under 

a fast measuring object load. The short measuring times result 

in a greatly increased measuring stability, which aims at the 

industrial use of the device. Figure 5 shows the measuring de-

vice with the newly designed aperture module. 

The device is only connected to a computer via a camera ca-

ble. In contrast to the TPS, there are no additionally controlled 

moving parts in the device. The measurement and evaluation 

is carried out with the self-developed software OPTIS. A sim-

ple, battery-powered laser diode module can be used as laser 

source. The object to be measured is illuminated and observed 

through the endoscope. 

4. Experiment 

The following measurement experiment demonstrates the 

IFK's suitability for use in the NDT of turbine blades. Three 

blades with different known defects are measured. Addition-

ally, test results for a practicable industrial application of the 

IFK will be presented. 

4.1. Measurement setup 

Figure 5 shows the measurement setup. The test is performed 

on turbine blades clamped to the foot at a measuring distance 

of approx. 100 mm (endoscope tip to blade). Initially, the IFK 

will also be clamped. The laser illumination is a red laser di-

ode with 685 nm wavelength and an optical power of approx. 

300 mW. The measuring distance varies slightly with the size 

of the blade to be measured. The image of the blade height is 
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maximized, Figure 6 shows a live image taken by the IFK 

under ambient light. Due to the endoscope optics, a light "fish 

eye" distortion occurs depending on the measuring distance. 

The presentation of the measurement results and evaluations 

in the following is tailored directly to the ROI. 

The excitation of the blade takes place either thermally from 

the front or dynamically from the back, mechanically con-

tacting at the top center (see also Figure 9). A piezo shaker 

with a stroke amplitude of +/- 40 µm is used. For one meas-

urement, a vacuum is applied to the blade (see 4.3.2). The 

blade and mounting are placed in a vacuum chamber with 

window glass (not shown). 

 

 
Figure 6: Image recording of a turbine blade with the 

IFK under ambient illumination; the blade is only im-

aged on a specific area, the ROI 

4.2. Measuring objects 

Three turbine blades are measured shearographically. Two 

small thick blades with coating and cooling channels are ge-

ometrically identical (cf. 4.2.1 and 4.2.2), one large thin blade 

is uncoated (cf. 4.2.3). 

4.2.1. Delamination of coating, specimen 1 

Figure 7 shows specimen 1, which is coated with a spray gum 

coating, where an artificial defect is introduced. The flaw is a 

round surface with a diameter of approx. 5 mm in the middle 

of the blade front. In this area, a non-adhesive foreign mate-

rial is applied before coating. In this way, a continuous coat-

ing surface is created which, however, has no adhesion with 

the blade at the defect. It is therefore a simulated coating de-

lamination. 

In practice, this is a typical material defect that can occur due 

to temperature differences when using the turbine blade. 

Since the temperature expansion of the ceramic blade coating 

and the metallic base material is different, there are stress load 

cycles between the two materials, which in the long-term can 

lead to delamination. Thanks to the high-temperature resistant 

coating, blades can be used in environments above the melt-

ing temperature of the base material, which increases the ef-

ficiency of turbines. Flaking of the coating causes the blade 

to melt, which can quickly lead to expensive turbine failure. 

Visually, this type of defect is almost invisible. 

 

 

  

 
Figure 7: Geometric dimensions of specimen 1 with 

simulated, circular coating delamination (almost in-

visible) 

4.2.2. Damage of coating, specimen 2 

Specimen 2 is a blade of the same type and size as specimen 

1, cf. Figure 7. Specimen 2 is also coated over its entire sur-

face with spray gum coating (without delamination). It is then 

mechanically damaged with a knife, cf. Figure 8, which in 

practice can be caused, for example, by accidental contact 

with loose flying parts in the turbine. The resulting problem 

is the same as that described in 4.2.1. 

Visually, this type of defect can be partially undetectable, e.g. 

in the area of the upper left front corner, if the component 

cannot be viewed from the side. 

 

 
Figure 8: Coating damage of specimen 2, the geomet-

ric dimensions are the same as those of specimen 1, cf. 

Figure 7 
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4.2.3. Crack in blade, specimen 3 

Figure 9 shows specimen 3 in undamaged condition. In con-

trast to specimen 1 and 2, the blade is very thin (maximum 3 

mm) and does not change much in thickness.  

 

 

 

 
Figure 9: Geometric dimensions of specimen 3 in un-

damaged condition; the flat blade has a maximum 

thickness of approx. 3 mm 

 

After extensive shearographic measurements, which are later 

compared (cf. 4.3.4 and 4.3.5), the specimen is damaged, as 

Figure 10 shows. For this purpose, material is removed (ap-

prox. 3 mm long and 0.5 mm wide notch) to weaken the spec-

imen at the side above. The sample is then mechanically vi-

brated, resulting in a continuous crack orthogonally to the 

edge towards the center of the blade. The crack length is de-

termined as accurately as visually possible under the micro-

scope after surface preparation. 

In practice, cracks generally belong to the most difficult de-

fects to predict and are therefore a main focus of research in 

fracture mechanics. In the case of turbine blades, they occur 

due to cyclic loads, whereby mechanical vibrations of rotat-

ing components are the major influence. They are especially 

dangerous because they grow exponentially even at very low 

load amplitudes and can suddenly lead to fracture. 

The visibility of a crack depends on its dimensions. In some 

cases, long, fine hairline cracks may be present, which remain 

invisible to the eye due to ideally superimposed crack edges. 

 

                                                           
2 For the measurements of specimens 1 and 2, only limited 

quantified values are shown. Since these are simulated flaws 

on prepared samples, a direct derivation of real flaws and 

 

 
Figure 10: Above, specimen 3 in damaged condition; 

below left, image of the blade edge with (1) approx. 3 

mm material removal (notch), (2) approx. 2.5 mm 

stronger deformation due to vibration loading, (3) ap-

prox. 3 mm crack; below center, close-up view of the 

crack with right-sided indicated crack course (dotted 

red line) and presumed crack tip (red arrow); below 

right, further close-up view of the crack (same magni-

fication as center image), among other illumination 

angle 

4.3. DS measurements2 and results 

Different measurements are carried out on the specimens to 

detect the flaws. The flaw visibility depends on how strongly 

the deformation of the defect area differs from that of the sur-

rounding material. The load location (local or global) as well 

as the load type, strength, direction and speed play a decisive 

role. In the following, the most promising measurement tech-

niques, based on experience, are applied and the measurement 

results are shown and evaluated.  

4.3.1. Thermal excitation of delamination, specimen 1 

Specimen 1 is excited by means of a short heat pulse (approx. 

1 s) from the front using a hot air gun. The cooling defor-

mation behaviour of the specimen is then measured (after ap-

prox. 0.2 s). The shearogram on the left in Figure 11 shows 

the typical butterfly pattern at the location of the delamina-

tion, therefore the demodulation result shows extreme incli-

nation values in this area. 

 

components should be avoided. Further practical tests are 

necessary, the feasibility is nevertheless assumed to be very 

high. 
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Figure 11: Shearogram and demodulation result for 

specimen 1 show coating delamination under thermal 

excitation 

4.3.2. Vacuum excitation of delamination, specimen 1 

Specimen 1 is loaded by means of vacuum (approx. -0.1 bar) 

in a vacuum chamber, while the IFK measures through a win-

dow glass. The shearogram on the left in Figure 12 shows the 

typical butterfly pattern. The result is the same as with ther-

mal excitation (Figure 11). 

 

 
Figure 12: Shearogram and demodulation result for 

specimen 1 show coating delamination under vacuum 

excitation  

4.3.3. Thermal excitation of damaged coating, specimen 2 

Specimen 2 is excited by means of a short heat pulse (approx. 

1 s) from the front using a hot air gun. The cooling defor-

mation behaviour of the specimen is then measured (after ap-

prox. 0.1 s). The shearogram on the left in Figure 13 shows 

increased phase differences in the area of the damages, there-

fore the demodulation result shows extreme inclination val-

ues there. Especially the almost invisible damage in the upper 

left corner becomes very clear. 

 

 
Figure 13: Shearogram and demodulation result for 

specimen 2 show coating damage under thermal exci-

tation, course indicated by red dotted line below 

4.3.4. Thermal excitation of crack, specimen 3 

Specimen 3 is excited by means of a short heat pulse (approx. 

2 s) from the front using a hot air gun. The cooling defor-

mation behaviour of the specimen is then measured (after ap-

prox. 0.5 s). The shearogram on the left in Figure 14 on the 

left shows the deformation without a crack, on the right with 

a crack. The shearogram for the defective specimen shows an 

increased fringe density in the area of the crack, and the 

fringes are not parallel across the width of the specimen. The 

reliability of this comparison is only partly high, that of the 

demodulation result not much higher. For this reason, a more 

appropriate measurement test is carried out in the following 

(cf. 4.3.5). 

 

  
Figure 14: Shearogram for specimen 3, left without 

and right with crack, shows an increased fringe den-

sity and angled fringe orientation in the defect area un-

der thermal excitation  

4.3.5. Dynamic excitation of crack, specimen 3 

In optical interferometric measurement with dynamic vibra-

tion excitation, there are three main phenomena of interest for 

NDT [5] p. 187 ff. On the one hand, the vibration modes of a 
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structure can be made visible by excitation with the corre-

sponding eigenfrequency. Anomalies in these forms may in-

dicate stiffness inhomogeneities due to defects. Furthermore, 

defects can lead to the formation of respective defect modes, 

whereby only the defect area is brought to vibrating defor-

mation. Finally, there is the special characteristic of cracks 

whereby heat development can be provoked by cyclic crack 

edge friction, resulting in thermal expansion in defect areas 

(corresponding with the crack defect mode). The latter phe-

nomenon is not observed in the experiments despite continu-

ous and variable excitation3. 

The measurement is carried out without stroboscopic illumi-

nation, thus using the time averaging method, since there is 

no need for increased equipment and synchronization effort. 

In addition, the use of a stronger laser would otherwise be 

necessary, since only a fraction of the time (approx. 1/20) per 

oscillation period can be illuminated. 

The time averaging procedure results in shearograms that 

cannot be further processed directly. It is only possible to de-

termine, in which areas the component is fixed, in which it 

oscillates and in which, based on logical assumptions, an os-

cillation amplitude is presumably built-up. This is exempli-

fied in Figure 15. 

 

 

Figure 15: Shearogram of a vibration mode shape of 

specimen 3 in time averaging measurement indicates 

"flattering" of the blade edges 

 

For NDT, defects can already be detected based on this qual-

itative vibration mode, if the stiffness inhomogeneities have 

an anomalous effect on the corresponding mode. Ideally, the 

anomaly in all vibration modes appears to an extent that no 

comparison to an undamaged part has to be made. 

In this measurement, 15 vibration modes of the turbine blade 

are found between 0 Hz and 20 kHz of excitation frequency. 

Seven of them are interesting for flaw detection. Figure 16 

shows the comparison of these modes for the undamaged 

blade (upper line) and the blade with crack (middle line). 

 

                                                           
3 The use of a stronger vibration excitation in practice is to be 

regarded as risky, since in this way damage can be uncon-

sciously increased and possibly even caused. 

Overall, it can be determined that the resonance frequencies 

of the modes for the damaged blade have decreased in each 

case. This is due to the lower stiffness of the blade caused by 

the crack. In addition, the deformation amplitudes of modes 

5 and 7 with crack are higher. Mode 2 with crack is now 

strongly inhomogeneous in the upper area. The modes 1, 3, 4 

and 6 are especially interesting, where asymmetries are 

formed. Mode 1 and Mode 4 allow the best interpretation of 

the defect area in comparison to the respective modes with 

undamaged blade. In mode 1, the length of the phase jump in 

the defect area (black, horizontal line, red circled) equals the 

length of the total crack (approx. 8.5 mm, cf. Figure 10). 

4.4. Advanced DS measurements 

The following experiments will demonstrate the extent of the 

IFK's enormous potential for industrial use at the current 

stage of development. On the one hand, the measuring and 

evaluation speed will be proven (cf. 4.4.1), on the other hand, 

the use of this high-precision method for hand-held guidance 

will become possible for the first time (cf. 4.4.2). 

4.4.1. Sweep for dynamic excitation 

By calculating the interference phase with only one image ac-

quisition with SPS, it is possible to make very fast load 

changes during the shearographic measurement. In contrast, 

for the classical TPS, the load condition of the measurement 

object must be kept almost constant over at least 3 image re-

cordings. [4]. Thus, SPS offers the advantage of passing 

through a large frequency interval in only a short time4 during 

vibration excitation (so-called "sweep"), while the object de-

formation is continuously measured. 

The measurement according to 4.3.5 is now carried out using 

a linear sweep from 0 Hz to 20 kHz instead of manually ad-

justing the excitation frequency. With an exposure time of 

40 ms, a camera video clock of 25 Hz can be achieved. It is 

determined experimentally that the vibration modes accord-

ing to Figure 16 are visible at least in a frequency interval of 

0.1 kHz. Therefore, the frequency band of the sweep must be 

sampled in a minimum of 200 images in order to capture all 

modes. With the camera video clock of 25 Hz, this process 

only takes 8 seconds. Figure 16 shows the results of the forms 

found by manual adjustment of the excitation frequency (mid-

dle line) for the cracked blade compared to those for the 

sweep (bottom line). 

Overall, all 15 forms can be found in the sweep (not shown 

here). For low frequency modes, the frequency interval of the 

mode visibility is smaller, therefore the results are worse. In 

addition, the excitation amplitude would have to be varied 

over the frequency to ensure optimal visibility of the modes 

(as in the test with manual adjustment). Modes 4 and 6 show 

the features for error detection discussed in 4.3.5, whereby 

further optimization of the measurement is necessary for a 

higher reliability. 

4  There is also the possibility of qualitative evaluation by 

means of real-time intensity comparison [5] p. 187, where the 

fringe contrast is strongly reduced compared to the real-time 

phase comparison. 

Clamping 

Equal phase value and 

fringe order as at the 

clamping, therefore 

not vibrating  

Different phase 

value as at the 

clamping, therefore 

definitely vibrating   

Supposed raise of the 

fringe order, means 

higher deformation at 

the blade edge 
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4.4.2. Handheld inspection 

One focus in the development of the IFK is the desired hand-

held guidance of the device, which is an extremely difficult 

challenge in view of the very high sensitivity of the measuring 

method. The decisive factor here is the decorrelation of the 

speckles, which occurs between the sensor and the measuring 

object during the measuring process above a certain degree of 

displacement (approx. at 3 µm) [17]. No research has yet been 

published on the subject of hand-guided optical interferomet-

ric measurement. With the fast and relatively stable measure-

ment with SPS, this goal becomes realistic for the first time. 

A first, promising measurement experiment is shown in the 

following. 

The hand-held IFK is used to measure a simple circularly 

clamped round plate with a central load on the back. The cam-

era and shearographic measurement parameters as well as the 

automatic loading of the plate by means of low-frequency pi-

ezo displacement (approx. 10 µm per second) are coordinated 

in such a way that an optimal measurement result can theo-

retically be recorded at any time (cf. Figure 17). 

The exposure time is as far as reasonably possible reduced to 

25 ms, the camera video clock is then 40 Hz. The endoscope 

tip of the IFK is placed on a surface for stabilization. Then, 

with quiet handling, a trigger switch on the IFK is actuated, 

whereby 11 images of the plate are recorded in less than 0.3 s. 

The interference phases are calculated from the 11 images, 

resulting in 10 difference phases / shearograms, whereby the 

first image is always assumed to be the "unloaded" state of 

the object.  The destination result can be seen already on 3 of 

the 10 shearograms, as Figure 17 shows, whereby these 3 do 

not follow each other. This means that there is a correlation 

to the first image even at different times of the total measure-

ment period, so the correlation is "found again". 

Although the results obtained are still of low quality, they are 

sufficient for an initial flaw inspection. For the same filtering, 

they are noisier than the target result, which mainly indicates 

movement during exposure. The number of phase fringes is 

different due to the increasing load during the measurement 

Figure 16: Comparison of the vibration modes (time average shearograms), which are interesting for the flaw detec-

tion of specimen 3; undamaged blade (upper line); damaged blade (middle line); damaged blade under load with 

linear frequency sweep (lower line); the anomalies, which indicate the crack, are circled in red 
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series. This is not directly relevant for flaw detection. The dis-

tortion results from the not optimally adjusted observation an-

gle due to the hand guidance of the IFK. 

The continuous, "optimum" object load set for the test is not 

unrealistic in practice, as a steady cooling process is suffi-

cient. Overall, there is still an enormous potential for optimi-

zation, the most important application-specific approaches 

are shown hereafter.  

Instead of assuming only one image as the "unloaded" state 

of the object, each captured image from a series of n images 

can be defined as such at optimal object loading. This results 

in ∑ �" − 1�+
,  shearograms, in the case above with n=11 thus 

55 instead of 10 results, which increases the probability for a 

correlation with high quality. In combination with a fast, au-

tomatic result evaluation or preselection for the examiner, it 

is also no problem to repeat a measurement with a poor cor-

relation, since the process is completed in less than 1 s. 

A further issue is the clarification of the really required flexi-

bility of the device during the operation. A simple stabilisa-

tion of the IFK with the periphery (e.g. by means of an elec-

tromagnet) could greatly improve the quality of the results. 

 

 

 
Figure 17: Optimal shearogram of a circularly 

clamped round plate deformed from the back (top left) 

and three slightly distorted and noisy shearograms 

measured by the hand-held IFK 

5. Discussion 

The measurement tests 4.3.1 and 4.3.3 show that with the 

IFK, coating damages on turbine blades can be detected very 

well with thermal excitation. In the case of gas inclusions, 

pressure excitation is also useful, see 4.3.2. 

For the detection of crack damage, a simple thermal load is 

not always sufficient, cf. 4.3.4. Instead, the significance can 

be increased by dynamic vibration excitation, cf. 4.3.5. In this 

case, the measurement effort is somewhat higher, but still 

overseeable. Qualitative phase images (using time averaging 

without stroboscope laser) can already indicate defects such 

as cracks through untypical asymmetries in the vibration 

modes. However, a comparison with vibration modes of an 

undamaged reference component is necessary in the test 

above. 

The IFK with SPS allows shearographic measurements in the 

camera video clock. The measurement tests with fast sweep 

excitation as well as with hand-held IFK confirm the potential 

of this further development for the industrial application. The 

two experiments deliver first promising results, whereby 

there is still an enormous potential for improvement, mainly 

through automatic data processing. 

5.1. Outlook 

In addition to the automatic data processing mentioned above, 

the realization of a practical excitation unit is the main focus 

of future developments. The technical implementation (endo-

scopic local or global, contactless or contacting etc.) must be 

discussed with regard to the type of excitation (thermal, pres-

sure, dynamic). 

Furthermore, the dynamic evaluation should be improved. On 

the one hand, pulsed laser diodes are to be used for strobo-

scopic illumination, resulting in quantifiable deformation 

measurements. On the other hand, the frequency sweep con-

trol should be optimized with regard to the load amplitude. In 

addition, a comparison with FEM simulation is useful, 

whereby varying crack positions and dimensions must also be 

considered. 

Finally, measurements must be carried out on real defect 

components and comparisons with other NDT methods also 

have to be made. Especially, thermography could offer a sig-

nificant complementary tool. 

6. Conclusions 

The paper shows the advantages of the further developed In-

terferoskop, a self-build shearographic measuring device for 

endoscopic NDT. The new design with spatial phase shift via 

carrier frequency is able to detect coating and crack flaws in 

turbine blades with a high measurement stability, as shown in 

an experiment. Furthermore, vibration modes can now be 

measured during a continuously frequency excitation sweep. 

In addition, first promising results for a hand-held usage of 

the Interferoskop are presented and discussed.  
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