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Abstract. With the increasing demand for lightweight design, adhesive tapes are 
applied in more and more industrial branches e.g. aerospace or automotive industry. 
Adhesive tapes enable a quick straightforward and permanent joining of different 
types of materials with a minimum of additional weight. Although often used for 
bonding non-structural elements, a failure of the joint can lead to serious 
consequences for the manufacturer. In order to prevent bond failure and to ensure a 
constant quality of the adhesive join it is necessary to detect the most critical 
irregularities in the application process non-destructively. 
 An innovative but only little known method for non-destructive testing (NDT) 
is electronic speckle pattern shearing interferometry (ESPSI) or in summary digital 
shearography. This method enables the measurement of out-of-plane deformations of 
a test object. A discontinuity inside an object leads to a local deformation which can 
be measured on the surface by the variation of the optical path length of coherent 
electromagnetic waves moving from the object to the detector. To achieve a 
deformation of a test object, several specific excitation types like thermal, mechanical 
or dynamic excitation can be used. The benefits of shearography are the contactless 
measurement of a wide area within a short measurement period with an accuracy in 
the nanometre range. 
 In this publication, we would like to present shearography as a promising method 
for non-destructive testing of adhesive tapes in one-sided application. The special 
feature of this application is that no excitation is necessary for defect detecting. The 
creeping und relaxation processes of the adhesive tape generates the surface 
deformation required for the measurement. Solid and fluid inclusions as well as voids 
between the substrate and the tape cause a variation of deformation, which is 
detectable by shearography. Furthermore, it is possible to detect small amounts of 
grease or even damages on the substrate surface. Thus, shearography is able to locate 
most of critical irregularities in the application process online. 

1. Introduction 

Nowadays, the industry aims more than ever at exhausting the applied joining technologies 
to the limits of its capacity with regard to light weight design concepts and the variety of 
materials to be joined. Due to the advantages of a universal and efficient joining process and 
the possibility to join arbitrary material combinations, adhesive technology becomes more 
and more important. Adhesive bonding as a material closure connection type has the 
advantage of a consistent stress distribution for extensive joining faces, higher stiffness of 
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joint constructions as well as weight reductions in comparison with other joining 
technologies. Therefore, adhesive technology is particularly interesting for light weight 
design. [1, 2] 

Pressure-sensitive adhesives (PSA) are a subcategory of the adhesives, including 
adhesive tapes and self-adhesive foil that are used in different areas. Apart from joining of 
materials, adhesive tapes can take over other functions such as power transmission, 
reinforcement, wear protection, sealing, insulation, adjustment of distance, labeling or 
surface modification. [3] 

PSA are pre-fabricated, permanent adhesive systems. After positioning, it is sufficient 
to apply light pressure for a few seconds in order to obtain joining of the substrates. 
Compared to other adhesives, the advantage of adhesive tapes is that no dosing and mixing 
processes are required during the assembly. Moreover, hardening of the adhesive is not 
necessary. Thus, the time per joining process is reduced significantly. Pre-fabricated 
adhesives generate more consistent adhesive layers than other adhesives, variations of layer 
thickness along the adhesive seam hardly ever occur. By punching out adhesive tapes, the 
accurate application to complex geometries or smaller areas can also be achieved. 
Consequently, under- or over-dosing of the adhesive and thus problems resulting from it such 
as reduced adhesive joint cross section or a deviation from the target weight cannot occur. 
[3] 

Despite the pre-fabrication and generally reduced sensitivity towards process failures 
in comparison with chemically reactive adhesives, irregularities might occur during the 
application of adhesive tapes. This can lead to a reduction of adhesive strength or failure of 
bonding. For detecting such application errors, digital shearography can be used as a 
promising, optical non-destructive testing method (NDT). However, until now, there are no 
studies about the usage of NDT in the area of adhesive tape application. [1] 

2. Principles of Shearography 

Shearography is a high-precision optical method for large-scale, contactless and 
automatable NDT. For the measurement, a speckle pattern on the test object illuminated by 
coherent laser light is captured in two load cases. As a result, the change of deformation that 
has occurred can be determined. Defects on or under the surface lead to a local modification 
of deformation in comparison with areas of the test objects that are free from defects and 
hence can be detected by use of phase shifting techniques (see Fig. 1). [4, 5] 

 
Fig. 1: Basic principle of shearography [4] 
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In order to generate deformations of the test object, different load types are usually 
applied. The load can be generated by thermal or mechanical types of excitation. Thermal 
excitation can be commonly achieved by through halogen lamps, flash lamps or inductors. 
Mechanical load is usually generated through vacuum chambers, high pressure or force 
application [4, 5]. 

3. Reasons for Imperfections during Application of Adhesive Tapes 

Before application of adhesives, the surfaces of the substrates have to be cleaned. Above all, 
this includes the removal of moisture and impurities like oils, greases, dust or separating 
agents. These factors reduce the wetting and adhesion of adhesives and, in extreme cases, 
lead to failure of the join. During the joining process, the adhesive tape has to be positioned 
on the substrate and be pressed on it. The final strength of the PSA will only be reached 
delayed, depending on different factors such as pressure, temperature and time. 

Defects and deviations from the ideal joining process can occur during the whole 
application. To ensure a perfect adhesion join, a defined, constant pressure across the entire 
joint face has to be maintained. Otherwise, delaminations might appear due to an insufficient 
or non-uniform pressure, which lead to a failure of the adhesion. However, a higher pressure 
supersedes the adhesive which causes a depletion of the adhesive mass. The duration of 
pressure is particularly important for highly viscous PSA. In case of insufficient pressure 
duration, an entire contact between adhesion and substrate cannot be secured. PSAs that are 
stored under differing conditions for a longer period of time, might develop insufficient 
adhesion even if the recommended pressure and time duration are fulfilled. Due to the 
temperature-related viscosity and fluidity, deviations from the defined application 
temperature as well as the temperature of the substrate and the adhesive can lead to changes 
in the adhesive settings. [1, 3] 

Insufficient surface preparation is also one of the reasons for defects and irregularities 
during the application process. Oils and greases lower the adhesion between adhesive tape 
and the substrate. Inclusions of gas (e.g. air) or solid particles reduce the effective joint 
surface. In case of loading, these defects might lead to over-stressing, thus causing a failure 
of the remaining adhesive zone. Furthermore, delaminations might spread in case of loading 
of these areas. [3] 

Reasons for adhesive defects may also be introduced before the application process. 
Manufacturers of adhesives define strict storage conditions for different PSAs. Deviations 
from these conditions might cause a significantly reduced adhesion. [6] Other reasons for 
adhesion failure are damaged or not suitable substrate surfaces. Light scratches can be refilled 
due to the creeping of the adhesive. However, bigger scratches and damaged surfaces reduce 
the effective adhesion surface and might cause over-stressing of the adhesive tape. 

4. Test Procedure 

PSAs are single-component polymer systems with characteristics of high-viscous fluids. 
Therefore, base polymers, main constituents of the adhesive systems, are able to shift slowly, 
they creep. Microscopic unevennesses are compensated by the time- and temperature-
dependent process. The actual join area, contributing to the formation of adhesion and 
consequently to the adhesive strength, increases. The creeping process of the PSA promotes 
the wetting and supports the formation of adhesion. [1–3] This particular feature of PSA is 
also used in our investigations for non-destructive testing via shearography. 

During the series of experiments, defective samples were prepared and subsequently 
tested. For this purpose, the substrate was cleaned first. Afterwards, impurities, inclusions 
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and damages were applied to the surface. Then, the adhesive tape was positioned centrally 
on the prepared substrate under light pressure. By using the shearography sensor time-
dependent creeping processes could be observed. Deviations in the local behaviour of the 
adhesive, induced e.g. by impurities or damages on the substrate surface, were detected and 
evaluated (see fig. 2). A SE2-sensor of the company isi-sys GmbH with a 5-megapixel CCD-
chip was used. For coherent illumination of the samples, laser diodes with a wavelength of 
658nm were applied. 

 
Fig. 2: Illustration of shearography testing of adhesive tapes without conventional loading 

In the conducted series of experiments, the examined samples differed in the 
substrate, in the type of adhesive tape as well as the inserted defects. Constructional steel 
(S235JR), aluminium wrought alloy (EN AW-6082) and plastic (ABS) were used as substrate 
materials. The size of each substrate was 160mm x 35mm with a thickness of 2mm. The used 
acrylic double coated adhesive tapes differed in thickness, width and carrier material (tape 1: 
thickness 0.1mm, width 19mm, paper carrier; tape 2: thickness 0.2mm, width 21mm, 
polyester carrier; tape 3: thickness 1.1mm, width 21mm, acrylic foam carrier). 

For defect simulation, impurities (grease, oil), air and metallic inclusions as well as 
damaged substrate surfaces were examined. Polystyrene pellets with a diameter < 0.5mm 
were inserted on the substrate for generating reproducible air inclusions. Furthermore, the 
inserted metallic particles had a size of approximately 150µm. 

5. Detection of Imperfections 

To detect the inserted defects, the sensor was adjusted parallel to the substrate surface. The 
field of view was chosen in such a way that the entire adhesive could be captured (see fig. 
3). Images of the different phases were recorded and evaluated. These were filtered by a low-
pass filter and, if necessary, demodulated. 

 
Fig. 3: Positioning of adhesive tape, imperfections and field of view 
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5.1 Detection of Impurities 

A highly viscous engine grease was applied on the sample in two different sizes (see fig. 4 
left). By use of shearography, even the small size (approx. 3 x 3 mm) that was hardly visible 
without special technical equipment, could be detected solely through the creeping of the 
adhesive. Fig. 4 depicts the detection of grease residues on construction steel. Here, an 
adhesive tape with a thickness of 0.1 mm and paper as carrier was used (tape 1). 

 
Fig. 4: Insertion and detection of grease 

A solvent based corrosion protection oil was used for lubricating the substrate surface. 
After evaporation of the solvent, a thin, oily protective film evolved which reduced the 
adhesion of the adhesive. Within 10 minutes after bonding, the applied oil film had diffused 
into the PSA, thus a remaining deformation could not be measured. However, it could be 
detected immediately after the joining process. Fig. 5 depicts the detection of oil residues on 
the steel substrate using the 0.1mm adhesive tape. 

 
Fig. 5: Insertion and detection of oil 

5.2 Detection of Inclusions 

All air inclusions inserted by polystyrene pellets could be detected using shearography. Even 
the simulated air inclusion of 0.25mm (half polystyrene pellet) could clearly be identified 
(see red marking in fig. 6). In this series of experiments, steel was used as substrate as well 
as tape 1 (0.1mm thickness, paper carrier). 
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Fig. 6: Insertion and detection of air inclusions 

Moreover, several metallic particles were applied to the test object. These were 
positioned in close distance on the substrate surface and adhered. Even the smallest 
irregularities could be detected in the assembly process with the presented method. Fig. 7 
depicts the detection of metal particles on the steel substrate. The adhesive tape 1 (thickness: 
0.1mm, paper carrier) was also used in this case. 

 
Fig. 7: Insertion and detection of metallic inclusions 

5.3 Detection of Surface Damage 

Besides identification of impurities and residues on the surface, shearography was able to 
detect and localize damages on the substrate surface. Thereby, different sizes of rounded as 
well as elongated damages could be detected independent from the substrate material, e.g. 
steel (see fig. 8, adhesive tape thickness 0,1mm). Furthermore, size and progression of the 
linear surface damage could be determined. 

 
Fig. 8: Insertion and detection of surface damage 
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5.4 Influence of Different Substrates 

Influences of different substrates on the detectability of defects were examined. As shown in 
fig. 9 using the example of air inclusion and the adhesive tape with paper carrier (thickness 
0,1mm), inclusions could be detected on all substrates (steel, aluminium, plastic). However, 
the signal strength of the inserted defects was higher with the aluminium and plastic substrate 
compared to the steel substrate. 

 
Fig. 9: Influence of substrate on detection of air inclusions: steel S235JR (left), aluminium EN AW-6082 

(middle), plastic ABS (right) 

5.5 Influence of Thickness and Carrier of Adhesive Tapes 

The impact of the thickness of adhesive tapes as well as the carrier material was also 
examined. The shearograms of the different PSA (see fig. 10) show the detection of air 
inclusions on aluminium substrate. All inserted defects could be detected for the thinner tapes 
(0,1mm; 0,2mm). In some cases, the signal strength of the adhesion tape with polyester 
carrier was higher compared to the paper carrier e.g. in case of air inclusions. When 
examining the significantly thicker tape (1,1mm) with an acrylic foam carrier, smaller defects 
could not be clearly detected. The foam carrier cushioned the variation of stiffness caused by 
the defects and therefore prevented the detection of small impurities and inclusions. 

 
Fig. 10: Influence of thickness and carrier on detection of air inclusions: 0,1mm, paper carrier (left); 0,2mm, 

polyester carrier (middle); 1,1mm, acrylic foam carrier (right) 

5.6 Size of Identified Imperfection 

For assessment of the detectable defect size the adhesive tapes surfaces were examined using 
a white light interferometer. Using the example of the adhesive tape with polyester carrier 
(0,2mm) on aluminium substrate, fig. 11 shows the surface measurement of the detected air 
inclusion in fig. 10 (red box). It can be seen that the size of the defect is less than 2mm x 
2mm inclusive tape thickness. The deformation of the adhesive tape orthogonal to the surface 
amounts to just 50µm. 
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Fig. 11: Measurement of size of detected air inclusion from fig. 10 (red box in the middle) via white light 

interferometer 

6. Conclusion 

In this paper, it was clearly shown that shearography is able to detect irregularities such as 
impurities and inclusions as well as damages of the surface during the application process of 
adhesive tapes. By exploiting the creeping of the adhesive, no additional loading was 
necessary to generate different load cases. The inserted defects like oil and grease residues 
on the surface, air and metallic inclusions and mechanical damages on the substrates could 
be detected and localised contactless. Using a variety of substrates (steel, aluminium, plastic), 
the series of experiments showed no essential differences in defect detection. A thicker 
adhesive tape with a soft carrier (1,1mm tape with acrylic foam carrier), impedes defect 
detection due to the low stiffness. Furthermore, shearography could clearly detect defects 
with a size below 0,1mm in thinner PSA. Therefore, shearography is a simple and cost-
efficient possibility for non-destructive testing of the application process of PSA. 
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