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Abstract 
 
Shearography is an optical method primarily used to detect defects in “laminar” 
structures, such as polymer composites, sandwich structures and other bonded 
structures. Shearography is one of very few active NDT methods, and by that we mean 
that it is subjected to some kind of structural load during the inspection, and that the 
inspection result reflects the response to that load. In NDT, reference objects play a vital 
role. They are used to adjust or verify the setting of the NDT equipment and to assure 
repetitive results. They can also be used to relate the signal from an indication to 
something with a known extension. In traditional methods, eg ultrasonics and eddy 
current testing, there are well established guide lines on how to design, produce and 
relate to reference objects. As an example, it is widely accepted that a teflon insert 
between two layers in a composite represents a delamination for ultrasonics. For 
shearography, considered to be a young method, it is still fuzzy. Searching for 
recommendations on how to create reference defects, you will not find much and 
certainly not on how the response from different artificial defects relate to the response 
from real defects. In this paper one specific structure, a composite sandwich, is being 
studied. Realistic defects have been made in the laminate and in the bond line between 
laminate. Different ways to create artificial reference defects have been introduced. The 
shearography response from both realistic and artificial defects will be compared. From 
this conclusions are drawn on the relation between the different artificial defects and 
real ones. Implementing realistic reference objects will increase the acceptance and 
maturity of shearography inspections. 
 
 
1.  Introduction 
 
1.1 Reference objects and reference defects 
Reference objects are an essential for non destructive testing. As the name implies, non 
destructive means that testing is performed without destroying the inspected part, which 
ala means that there is no possibility to physically verify the inspection. To be able to 
link a certain signal from a non destructive inspection to a specific defect, reference 
defects are used. A typical example from eddy current testing:  
An inspection is to be performed on an Aluminium component, searching for surface 
cracks. For that inspection a reference block of the same Aluminium as the component 
would be used. In that block notches of specific length and with different depths would 
be made. The notches are used prior to the inspection to set the sensitivity of the eddy 
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current equipment and can be used during the inspection as an aid to quantify an 
indication. 
So, the reference object and reference defect exist for important reasons: 
 • Verify/set the sensitivity of the inspection equipment • Verify the function of the inspection equipment • Making it possible to relate an indication to a known defect. 
 
For the old, established ndt methods, established and often standardised ways to create 
reference object exist. For shearography, however, there are still gaps to fill, especially 
in relating artificial defects to real defects. 
 
1.2 Shearography 
Shearography is an optical NDT method primarily used to detect defects in “laminar” 
structures, such as polymer composites, sandwich structures and other bonded 
structures. In shearography, the position of the surface is being monitored, influenced 
by variations in loading. Actually, a precise image of the position of the surface is being 
captured in two different loading states. These two images are subtracted from each 
other. The resulting image will show the difference in surface deformation. Figure 1 
shows the principle: one image of the surface is captured in a first loading state, called 
unloaded state. Then a second image is captured in a loaded state. These two images a 
subtracted from each other. The resulting image will show the difference in 
deformation, out of plane. The idea is that if there is a defect in the inspected object, this 
will cause differences in the surface deformation, as seen in the right image of figure 1. 
 

 
Figure 1. Principle of shearography inspection. 

 
Loading can be performed using heat or depressurisation. As the inspection has to be 
non destructive, the allowed deformation must be very small. To be able to visualise 
this, the imaging part of a shearography system has to be based on laser interferometry 
and consists of a laser and a camera, which incorporates an interferometer.  
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2.  Objective 
 
The objective of the present study is to try to manufacture artificial defects as they 
would typically be made for shearography, test them with shearography and compare 
them to shearography results from real or realistic defects.  
 
3.  Design of test objects 
 
3.1 General structure 
The test objects used, see figure 2, for this study have a sandwich design, with carbon 
fibre shells and divinycell cores. The thickness of each skin is 2mm and core thickness 
is 40mm. The objects were manufactured using vacuum injection of the polymer matrix. 
 

 
Figure 2. Test object. 

 
3.2 Description of realistic and artificial defects 
 
3.2.1 Real(istic) defects 
Two kinds of real or realistic defects were introduced: disbonds between skin and core, 
and impacts. 
 
The disbond between skin and core was manufactured pushing a saw blade between the 
skin and core into the centre of the object. This created a reasonably narrow gap 
between the skin and the core. This kind of defect was created in two different sizes: 35 
x 70 mm (width x length) and 51 x 70 mm. Figure 3 shows this simulated disbond (left 
in the image). 
 
Impacts were created by hitting the surface with a hammer. Three impacts were created 
with different force being applied to the hammer. None of the impacts were visible on 
the surface. 
 
3.2.2 Artificial reference defects 
The artificial reference defects were made by removing the back skin and core, like a 
flat bottom hole. On the object with disbonds, the sizes of the reference defects were the 
same as the realistic defects. For each size, one reference defect was prepared such that 
al cuts were made, but the material (skin and core) was left in place, to test if the 
presence of this “backing” material would influence the shearography result and one 
reference defect with the material removed. These two variants are shown in figure 3. 
The defect with the material removed is referred to as flat bottom hole and the other one 
“partial” flat bottom hole. 
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Figure 3. Realistic and artificial defects. 

 
On the object with impacts, one skin and the core was also removed, but on this object 
the reference defects were made circular, with radii ranging from 10 to 51 mm. 
 
4.  Tests and results 
 
In this section the performed tests and obtained results are described. 
 
4.1 Layout of tests 
 
4.1.1 Tests on object with disbonds 
The tests on the objects with disbonds were performed using a Dantec Dynamics 
FlawExplorer and heat as loading source. Two focussed halogen lamps were used for 
heating. 
Heat was applied for 10s. After this a reference image was taken. Measurement images 
were taken and stored for a period of approximately 90 s after the reference. Shearing 
was kept across the width of the defects, horizontal in figure 3. 
 
4.1.2 Tests on object with impacts 
The tests on the object with impacts were performed using a Dantec Dynamics 
FlawExplorer in a vacuum chamber, see figure 4. A partial vacuum of 200 mbar was 
applied. A reference image was taken at the lower pressure. Measurement images were 
taken when the vacuum was released and the pressure in the chamber was rising to the 
ordinary. 

 
Figure 4. Test setup for tests in vacuum chamber. 
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4.2 Results 
 
4.1.1 Objects with disbonds 
Figure 5 shows a typical result. The large indication to the left is from an artificial 
defect as described in section 3.2.2 and the indication to the right is from the realistic 
defect, as described in the section 3.2.1. The indication going all the way from top to 
bottom on the right hand side of the image is the bond line between two core segments. 
 

 
Figure 5. Results from object with defects with 51 mm width. 

 
The shearography results can be quantified using a line marker, which will show the 
result along that line as a profile, as shown in the lower part of figure 5. Note that the 
shearography result is shown as a phase image, the shown profile along the line marker 
is from an unwrapped image. Table 1 summarises the magnitudes of all defects. 
 

Table 1. Magnitude of indications on objects with disbonds between skin and core. 
Indication Magnitude 
Realistic 51 mm 9 
Artificial 51 mm with core and back skin cut 14 
Artificial 51 mm with core and back skin removed 13 
Realistic 35 mm 10 
Artificial 35 mm with core and back skin cut 14 
Artificial 3 mm with core and back skin removed 15 

 
4.2.2 Object with impacts 
Figure 6 shows the result from the entire object that contains impacts. On the upper part 
of the object indications from three impacts can be seen, the smallest one is very vague. 
The bottom indications are from the prepared artificial defects. The indication going all 
the way from top to bottom between “hole Ø 51” and “hole Ø 10” represents the 
bonding of two core sections. Table 2 shows a comparison of the magnitudes of the 
indications. 
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Figure 6. Results from object with impacts and holes. 

 
Table 2. Magnitude of indications on impacted object. 

Indication Magnitude 
Large impact 4 
Medium impact 2 
Small impact 0,35 
Hole Ø 51 10 
Hole Ø 32 5 
Hole Ø 20 3,5 
Hole Ø 10 2 

 
 
5.  Discussion 
At first, it has to be stated that the work presented here is very limited. The main 
purpose is to raise the awareness that real defects and artificially made reference defects 
can behave differently. Work is ongoing regarding comparison of artificial defects and 
more is needed to reach the same maturity level as for example ultrasonics. 
 
5.1 Disbond between skin and core 
Watching the data in Table 2, one can see that for both defect sizes the trend is similar. 
The realistic defects give smaller magnitudes of the indications than the artificial 
defects. One can also see that there is almost no difference between the two “variants” 
of artificial defects. The sheer presence of the core and back skin obviously does not 
affect the shearography response, it has to be structurally attached to have an influence.  
It is interesting to note that the magnitudes of the indications are almost the same for the 
two defect sizes. 
 
5.2 Impacts 
The size of the shearography indications of the three impacts were: 
 • Large impact: 60mm • Medium impact: 40 mm • Small impact: 15 mm 
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Figure 7 shows a micrograph of a section of the small impact. The size of the visible 
crack is approximately 8mm. It is worth noticing that there were no visual indications of 
the impacts on the surface of the object. The crack is located pretty much in the middle 
of the skin. It is typical for impact damages in composites that the damage is visually 
hidden in the structure. 
 

 
Figure 7. Micrograph of the small impact. 

 
Comparing the magnitude of the indications one can see that the artificial defects result 
in much larger amplitudes, for similar sizes. 
 
5.3 General comments 
In this paper two real/realistic defect types have been compared to artificial defects. For 
both defects it seems obvious from the results that the real defect will give a 
shearography indication that has a lower amplitude than a common artificial defect with 
the same size will give. Thus it seems that you should be careful: the fact that you can 
detect an artificial reference defect of a certain size does not mean that you will detect 
real defects of the same size.  
 
6.  Conclusions 
 
The work presented in this paper is very limited, with the main purpose of serving as an 
eye opener rather than leading to concise conclusions. Much more work is needed to 
reach the same maturity level as for ultrasonics, eg. 
 
One conclusion that can be drawn is that a common type reference defects, flat bottom 
holes, can give a shearography indication with a larger amplitude than a real defect with 
the same size and at the same depth as the flat bottom hole. 
 
The shearography response is the same for a real flat bottom hole and for a “partial” flat 
bottom hole, ie where the material has been cut loose, but is still in place. 

 


