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Article Info  Abstract 

Article History:  The increasing use of polymer composite materials in aviation necessitates 
adhesive repairs of aircraft structures in situ, minimizing disassembly and 
manufacturer return to reduce costs and repair time. This paper discusses the 
required repair technologies and equipment, as well as the quality analysis and the 
defect assessment of these repairs through various non-destructive testing (NDT) 
methods. An experimental investigation was conducted on adhesive repairs of a 
three-layer carbon fiber panel, evaluating defects qualitatively assessing the 
applied technologies, and providing recommendations for NDT applicability for 
this type of sample. The study's analysis produced several key conclusions 
regarding repair zones. In Zone 1, using the vacuum method, non-adhesions and 
voids from resin curing were identified, detectable by all NDT methods, with staff 
qualifications significantly impacting repair quality. In Zone 2, also applying the 
vacuum method with excess pressure, minor non-adhesions, and voids (2-3 mm) 
were observed, which were left undetected by rapid NDT (shearography), while 
detailed NDT (tomography) revealed fewer defects, rating the repair as 
satisfactory. In Zone 3, utilizing the vacuum method at elevated temperatures, 
multiple local non-adhesions, and significant delamination (up to 40x40 mm) were 
discovered, classifying this repair as defective, confirmed by all NDT methods. 
Smaller defects were only detected by tomography, underscoring the importance 
of detailed NDT for accurately assessing repair integrity across various 
technologies.  
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1. Introduction 

During The competitiveness of composite materials significantly depends on the dispersion of 
physical and mechanical properties, as well as the availability of effective NDT methods for finished 
products and the complexity of repairing damages during the operation of aircraft Hata! Başvuru 
kaynağı bulunamadı.. During the operation of aircraft, products made from polymer composite 
materials (PCMs) are subjected to random impact influences caused by the environment (both 
under normal conditions and abnormal natural phenomena); crew errors during take-off and 
landing; the destruction of units with the formation of non-localized debris; technical staff errors 
when working on the aircraft; technical staff errors when moving airport equipment; displacement 
of poorly secured cargo. With the increase in the volume of application of PCM products, the 
development of new repair technologies and the improvement of existing ones is required. 

In the creation of repair techniques, the original design specifications serve as a foundation. These 
specifications include restoring the rigidity of the original structure, restoring static strength under 
expected operating conditions up to the limit load, ensuring durability during the remaining service 
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life of the component, compliance with the requirements for the admissibility of damage to the 
original part Hata! Başvuru kaynağı bulunamadı.. 

There are many types of PCM product repairs, however, most used ones are mechanical (bolted) 
and adhesive, as they allow to achieve the mechanical characteristics of the original structure to 
the greatest extent. These methods are most used in the aviation industry by aircraft operators, but 
at the same time, they are not universal, as they depend on the type and structure of the repaired 
object, parameters of the defect, as well as the qualifications of the specialist. While the study 
primarily focuses on adhesive repair and NDT of three-layer honeycomb PCM, the methodologies 
discussed are not exclusive to PCM. Various composite structures, such as laminated composites, 
fiber-reinforced composites, sandwich composites, and carbon fiber reinforced polymers (CFRP), 
can also benefit from these adhesive repair techniques and NDT procedures. Each composite type 
may present unique characteristics and defect types that necessitate tailored approaches; however, 
the fundamental principles of adhesive bonding and NDT remain applicable across different 
composite materials. Therefore, highlighting these other composite structures is advisable to 
emphasize the broader relevance of the study's findings. 

Repairs using mechanical connections can only be used for thick-walled monolithic structures [3].  
Bolted repairs in aviation structures have several drawbacks, including reduced fatigue durability 
due to stress concentration in the bolt holes, limited applicability to thick-walled structures (not 
suitable for thin-walled or composite materials), increased weight from added hardware, 
complexity in installation requiring specialized skills, and restricted flexibility in design. These 
repairs are generally not advisable for thin-walled composite, curved, or highly loaded 
components, making their use context-specific and necessitating careful consideration of the repair 
conditions. The presence of additional holes negatively affects fatigue durability and is a potential 
place for the initiation of cracks, however, this type of repair allows restoring the strength and 
rigidity of the structure [4]. 

At present time, there are several types of adhesive repairs, as they are more suitable for the repair 
of both monolithic thin-walled and thick-walled claddings of PCM products, as well as for three-
layer carbon fiber honeycomb panel. Currently, there are several types of adhesive repairs, as they 
are more suitable for the repair of both monolithic thin-walled and thick-walled structures of 
composite materials, as well as for three-layer sandwich panels. Adhesive bonding offers 
advantages such as even stress distribution, reduced weight compared to mechanical fasteners, 
and the ability to bond dissimilar materials. Additionally, adhesive repairs can enhance the fatigue 
resistance of the structures and allow for greater design flexibility. 

There are two traditional methods of conducting adhesive repair: 

• Vacuum forming using dry fabrics and cold-curing binders. This method has its drawbacks. 
The lifetime of repaired areas in this way is limited due to the low mechanical characteristics 
of the adhesive connection. Additionally, we do not use prepreg materials because they are 
more expensive and require specific storage conditions, which can complicate the repair 
process. This makes the overall approach less practical for certain applications where cost 
and ease of handling are crucial. 

• Autoclave forming using prepregs in factory conditions. While this method is known for 
producing high-quality repairs, it has significant disadvantages. The process involves lengthy 
dismantling, transportation, and repair times at the factory, which can lead to increased 
downtime and operational inefficiencies. Additionally, using an autoclave is considerably 
more expensive, adding to the repair cost. 

Based on the above-mentioned disadvantages of repair methods, this work will consider a non-
autoclave repair method based on impregnated dry fabric. 

Currently, several scientific studies explore constructive and technological solutions for 
performing adhesive repairs under operational conditions Hata! Başvuru kaynağı bulunamadı.. 
In [6], the repair process of PCM products with a honeycomb filler is described: the necessary 
technical equipment for mechanical processing and thermo-vacuum forming.  
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Adhesive repairs in Hata! Başvuru kaynağı bulunamadı., were carried out using prepregs made 
for repair tasks with non-autoclave curing. These prepregs offer significant benefits, such as 
reduced processing time and lower equipment costs, making them suitable for in-situ repairs Hata! 
Başvuru kaynağı bulunamadı.. However, challenges remain, including the need for precise 
temperature control during the curing process and potential limitations in achieving optimal 
mechanical properties compared to traditional autoclave-cured composites, the advantages and 
disadvantages of using which are depicted in Hata! Başvuru kaynağı bulunamadı.. Furthermore, 
the long-term durability and performance of these repairs under varying environmental conditions 
require thorough investigation to ensure reliability in aviation applications. 

To assess the condition of the repaired products, NDT methods are used, including ultrasound, 
acoustic, optical, and radiation techniques [10]. These methods allow for the detection of internal 
defects, such as delaminations, voids, and cracks, without damaging the material. Ultrasound 
testing is particularly effective for identifying flaws in composite materials, while acoustic emission 
can monitor structural integrity during loading [11]. Optical methods provide high-resolution 
imaging, enabling detailed surface inspections. Radiation techniques, such as X-ray or gamma-ray 
inspection, offer insights into the internal structure of components. By employing a combination of 
these NDT methods, a comprehensive evaluation of the repair quality can be achieved, ensuring 
that the repaired products meet safety and performance standards [13]. 

In several articles experimental work was carried out to determine the applicability of various NDT 
methods to samples of honeycomb structure with repairs carried out using different technologies 
[14]. Samples were considered, manufactured according to various technologies; additional 
samples were prepared with a deliberately violated technological process. The study aimed to 
evaluate the effectiveness of each NDT method in detecting flaws and assessing the integrity of the 
repaired structures [15]. Various parameters, such as the size and type of defects, as well as the 
specific characteristics of the repair techniques used, were analysed. The results indicated that 
certain NDT methods, such as ultrasonic testing, were more effective in identifying internal defects 
in repaired samples, while others, namely optical inspection, excelled in detecting surface 
irregularities. This comprehensive analysis did not only highlight the strengths and limitations of 
each technique but also provided valuable insights into optimising repair processes and ensuring 
the reliability of honeycomb structures in practical applications [16]. Further research is suggested 
to refine these methods and explore their integration for enhanced assessment capabilities [17]. 

 

Fig. 1. Overall repair procedure flowchart 

Analysing the aforementioned studies, the relevance of this work can be formulated: in light of the 
difficulties arising from the use of prepreg technology, it is advisable to use adhesive repair 
technology as the most practical and accessible method, particularly with the rapid assessment 
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using NDT methods. The analysis provides an opportunity to evaluate the presence of defects in 
the structure and provides a quality check of the methods used.  

The essence of the work is to carry out repairs, quality analysis, and evaluate adhesive repair 
defects using various NDT methods. The scientific investigation of the repair of a three-layer 
honeycomb panel made of polymer composite material includes the identification and evaluation 
of damaged zones by assessing areas with defects for further repair. It involves the selection of 
materials for repair work, choosing suitable adhesive compositions and materials for restoration. 
Additionally, it requires the preparation of equipment, gear, and tools for repairing the structures 
by gathering necessary tools and equipment for the repair process. Marking and laying out 
damaged areas is crucial, as it involves clearly defining the zones that require repair. The removal 
of paint from the repair area is necessary for cleaning the surface to ensure high quality adhesion. 
Mechanical processing of damaged areas prepares the repair zone by removing damaged materials. 
Furthermore, preparation of adhesive compositions entails mixing adhesive materials according to 
repair specifications. Cutting out patches layer by layer involves creating patches from material 
that matches the original structure. Laying out the repair composition includes applying adhesive 
to the prepared surface. Finally, making the repair patch using the chosen technology completes 
the repair process by installing the patch according to the selected method. The overall process is 
presented with a flowchart in figure Hata! Başvuru kaynağı bulunamadı..  

2. Methods and Materials 

2.1 Description of the Control Object 

The subject of this research is a three-layer honeycomb panel, consisting of a middle layer of 
honeycomb filler and external top and bottom skins. The panel is made of composite material, used 
in the aviation industry. This research focuses on the repair process of the panel, represented in 
figure 1, to study its structural properties after damage upon impact. Defects are inflicted by 
singular impacts along the monolithic part of the panel and across the part of the panel with a 
honeycomb filler from a height of 0.5 meters using a drop test rig with an impact energy of 
E = 1.398 J. 

 

(a) 

 

(b) 

Fig. 1. Repair three-layer carbon fiber honeycomb panel (a) External appearance of the panel 
(top view); (b) Schematic view of the repair panel with marked repair zones and overall 

dimensions 

3 Description of Repair Technology 

3.1. Description of The Repair Device 

The existing repair device consists of two blocks: a control unit and a unit for ensuring the 
necessary technological parameters of the repair process for glued honeycomb and monolithic 
structures of an aircraft, made of polymer composite materials. The installation provides necessary 
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pressure (vacuum within the range from negative 0.09 MPa to negative 0.073 MPa and excess up 
to 1.0 MPa) when gluing (forming) the repair patches. 

The difference between the device being developed and those in operation in Russia Hata! 
Başvuru kaynağı bulunamadı. and abroad lies in additional options, among which: 

• The possibility of using the control unit at a significant distance from the repair unit; 
• The possibility of using excess pressure during repairs, in addition to vacuum pressure, in 

various combinations: vacuum pressure, combined pressure (vacuum + excess pressure), 
and only excess pressure. Excess pressure is extremely relevant, practically indispensable for 
the repair of non-sealed units, on which vacuum pressure is inapplicable; 

• The possibility of using not only factory-made heaters but also ones made by the operating 
organisation, for the thermal regulation of repair zones which significantly reduces the time 
spent on repair work, and in some cases can be crucial for its implementation. 

Four Russian patents Hata! Başvuru kaynağı bulunamadı. have been issued on the topic related 
to the development of the proposed device. The patent Hata! Başvuru kaynağı bulunamadı. 
describes a portable device designed specifically for the repair of polymer items. It emphasises ease 
of use and mobility, allowing repairs to be conducted in situ. Another patent Hata! Başvuru 
kaynağı bulunamadı. describes a special approach to repairing the aerodynamic surfaces of 
aircraft using glue. It focuses on methods that ensure strong adhesion and structural integrity, 
which are crucial to maintaining aerodynamic performance. The patent Hata! Başvuru kaynağı 
bulunamadı. presents a method tailored for situations where access to the repair area is limited 
to one side. It details techniques that optimise the repair process while ensuring effective bonding 
and restoration of the material's properties. The patent Hata! Başvuru kaynağı bulunamadı. 
addresses the challenges associated with repairing thin-walled structures, which are often found 
in aerospace applications. It proposes methods that minimise the risk of further damage during the 
repair process and enhance the overall durability of the repaired structure. 

3.2 Repair Material 

Polymer repair adhesive is a two-component composition used in repairs as a filler and an 
impregnator. The mass of the prepared ACM12K adhesive is obtained after achieving a 
homogeneous structure by mechanical mixing of the components A and B, the weight ratio of which 
is indicated on the package and is about 100:30 by weight. The curing time of the adhesive is 2 
hours at a temperature greater than 20 ºC. 

Layers of the repair patch are cut out of a roll of carbon unidirectional tape, considering the size of 
the separating film on which all layers of the patch are applied. The scientific research of the repair 
of a three-layer honeycomb panel made of polymer composite material includes the calculation of 
the schematic arrangement of the patch.  The scientific investigation of the repair of a three-layer 
honeycomb panel made of polymer composite material includes: 

• Identification and evaluation of damaged zones; 
• Selection of materials for repair work; 
• Preparation of equipment, gear, and tools for repairing the structures; 
• Marking and laying out damaged areas; 
• Removal of paint from the repair area; 
• Mechanical processing of damaged areas; 
• Preparation of adhesive compositions; 
• Cutting out patches layer by layer; 
• Laying out the repair composition; 
• Making the repair patch using the chosen technology. 

According to the scheme presented in figure 2 for the calculation of all patches, placement is 
performed in the centre of the three-layer honeycomb panel. The patch has a specific geometric 
shape and sizes, corresponding to the requirements of the calculation of the structure repair. The 
process of calculating the patch size for the repair of composite structures involves several critical 
steps. Initially, it is essential to determine the size and shape of the damage by accurately measuring 
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the affected area. Following this, the selection of the type and size of the patch becomes imperative, 
as the optimal dimensions are contingent upon both the nature and extent of the damage, as well 
as the specific materials employed in the composite structure. Subsequently, the design of the patch 
must be tailored to conform to the contours of the damaged area, thereby ensuring a secure and 
effective connection. Additionally, it is crucial to consider the overlap; the dimensions of the patch 
should extend beyond the damaged area by several centimetres (typically 2-5 cm) to guarantee 
adequate overlap and structural integrity. 

 

Fig. 2. Scheme of the arrangement of layers of the repair patch 

3.3 Repair Types and Technological Modes 

3.3.1 Vacuum 

The vacuum bag is designed to provide vacuum (suction) and is installed on the repair zone, as 
shown in Figure 3. Repair under vacuum pressure is performed without heating for 2.0 hours, then 
the vacuum bag and technological materials are removed from the repair zone. 

 

Fig. 3. Assembly scheme of the vacuum bag: 1- air suction; 2- device for controlling the suction 
in the vacuum bag; 3- vacuum bag shell; 4- sealing gasket; 5- vacuum bag's drainage layer 

(padding polyester, fiberglass); 6- heater (thermal blanket); 7- thermocouple; 8- non-
perforated separating film; 9- layers of fabric absorbing excess resin (glue) – nylon or 

polyethylene terephthalate; 10-perforated separating film; 11-repaired structure; 12-repair 
patch layers in the repair zone 
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3.3.2 Excess Pressure 

Excess pressure is the main type of technological pressure when it is impossible to ensure the 
airtightness of the repair zone (when it is impossible to install a vacuum bag). Providing heating in 
the repair zone is carried out through a heater (thermal blanket), laid on a non-perforated 
separating film. The curing temperature of the adhesive is set at 150 degrees Celsius, while the 
maximum temperature of the thermal blanket can reach up to 200 degrees Celsius. This ensures 
that the adhesive cures effectively while maintaining the integrity of the surrounding materials. 

Air bags in boxes can also be utilised as a source of excess pressure in the repair zones as presented 
in figure 4, alongside with power elements, clamps, and bags with sand as counterpressure, by 
which excess pressure can be provided. 

 

Fig. 4. Scheme of providing excess pressure during repair: 1 - clamp; 2- repaired structure; 3- 
air bag box; 4- air bag; 5- repair zone; 6- fitting for compressed air supply; 7- sand; 8- shell of 

the sand-filled bag; 9- the sand-filled bag supports 

Two sample zones were repaired using different technologies: the first – vacuum, the second – 
vacuum with excess pressure, the third – vacuum with exceeding the curing temperature. The 
repair of the third sample zone was performed with a deliberately violated technology for the 
guaranteed presence of defects of various nature, which is necessary for the analysis of the 
detection of these defects by various NDT methods. 

4. Description of Non-Destructive Testing Methods 

4.1. Tomography 

To detect potential defects in repair areas, a non-destructive testing method, X-ray computed 
tomography (CT), is used. CT provides a detailed analysis of the heterogeneities of the inspected 
object's structure. A planar radiography system, utilising a laminographic scanning algorithm, is 
used for this purpose. The research object (in this case, 3 samples with completed repairs) is placed 
inside the X-ray system, then the operator selects the optimal voltage and current values. To reduce 
data collection time, the number of projections for each sample is chosen in the range from 700 to 
4000. 

The process of material tomography involves several key stages: scanning, reconstruction, and 
post-processing. In the initial phase, scanning, the material is subjected to X-rays or other imaging 
techniques to capture a series of projections from different angles. This data provides a 
comprehensive view of the internal structure of the sample. Following the scanning, data 
reconstruction is performed using third-party software. This software processes the collected 
projections to create a 3D representation of the object, employing advanced algorithms to 
accurately reconstruct the internal features based on the scanned data. In the final stage, post-
processing is conducted to refine the 3D model. This includes determining the centre of rotation 
for the sample, selecting a local area of interest, and adjusting the tone curve to enhance visibility 
and detail. As a result of this post-processing, a detailed 3D model of the research object is 
produced, allowing for cross-sectional views and further analysis of the material's properties. This 
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comprehensive approach enables researchers to gain valuable insights into the internal structure 
and characteristics of materials without destructive testing. 
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4.2. Shearography 

Shearography is an optical express non-destructive testing (NDT) method, which detects material 
defects through the measurement and analysis of surface deformations. These deformations are 
formed as a response to the internal structure's external influence. By combining the image of the 
object in its initial state with the image taken in the excited state, the change in any given point of 
the image can be determined Hata! Başvuru kaynağı bulunamadı..  During shearography, the test 
object's surface is illuminated with laser radiation [24]. The radiation reflected from the object's 
surface is received by a CCD-camera equipped with "shifting optics", which projects the object's 
image onto the camera matrix twice. Each point of the object is displayed twice on the CCD matrix 
Hata! Başvuru kaynağı bulunamadı.. 

Shearography is a flexible method in terms of the applied impacts for exciting the reaction of 
internal heterogeneity (thermal, vacuum, vibration). The optimal type of impact applied is 
depended on the structure and material of the control object, as well as the size, position (depth of 
bedding), and type of the defect Hata! Başvuru kaynağı bulunamadı.. Upon impact on the 
research object, the laser radiation reflected by each part of the surface also changes. These changes 
are detected by the system. This gives an idea of the defect's nature through its reaction on the 
surface.  The method is implemented using a shearograph, consisting of an optical block combined 
with a thermal heating block, and an electronic block controlled by a PC, as shown in figure 5 Hata! 
Başvuru kaynağı bulunamadı.. The optical block is placed on a tripod in close proximity to the 
object's surface. 

 

(a) 

 

(b) 

Fig. 5. Apparatus of shearography system(a) - System with automatic loading by heating; (b) - 
The principle of the shearograph's operation 

The view area is varied depending on the type and depth of bedding of the defect (ranges from 
150x150 mm to 500х500 mm). This range differs according to the reflectivity of an object and the 
laser system power, as well as optic’s focusing range.  

5. Analysis of Experimental Results  

5.1 Tomography 

The general view of repair zone 1, done by vacuuming and the isometry view of the 3D model are 
presented in figure 6. The results of the study of repair samples by means of X-ray computed 
tomography are given in figure 7.  

The general view of zone 2, executed by a vacuum method with excess pressure, and a 3D isometric 
view of the model, are presented in figure 8. When examining the projections of the repair patch, 
areas of non-adhesion, measuring 25 mm x 35 mm, and metallic inclusions were found, as shown 
in figure 9. 
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Fig. 6 – Repair patch in zone 1 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 7. Results of tomography of repair zone 1, performed by vacuum method(a)  General view 
of the repair patch section; (b) Local repair patch section zone; (c)  Side section of the repair 

patch; (d)  Local zone of the side section of the repair patch 

From the results of tomography, we can conclude that there are image defects in the form of a ring 
on 3D models of repair patches, associated with the capture of the axis of rotation of samples when 
collecting projections. These defects do not affect the research results and are merely superficial 

display problems. When analysing the results of tomography on the side section of the repair 
patch, voids related to non-adhesions up to 2.9 mm in size were found. On the sections of 
the repair patch, numerous defects in the form of metallic inclusions and non-adhesions 
were also found. 
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Fig. 8. Repair patch in zone 2, performed by vacuum method with excess pressure 

 

(a) 

 

(b) 

 

(c) 

Fig. 9. Results of tomography of the patch of zone 2, performed by vacuum method with excess 
pressure (a) - Cross-section of the repair patch of zone 2; (b) - General view of the side section 

of the repair patch of zone 2; (c) - General view of the side section of the repair patch of 
zone 2 

The general view of zone 3 with a repair performed by a vacuum method with an exceeding curing 
temperature and a 3D isometric view of the model are presented in figure 10. When studying the 
sections of the repair patch, numerous voids of sizes from 2 to 10 mm were also found, as shown 
in figure 11. 
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Fig. 10. Repair patch in zone 3 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 11. Results of tomography of the patch of zone 3, performed by vacuum method with 
exceeding curing temperature(a) - Cross-section of the repair patch of zone 3; (b) - Local area 

of the cross-section of the repair patch; (c) - General view of the side section of the repair patch 
of zone 3; (d) - Local area of the side section of the repair patch with extensive delamination 

The side section of the patch was also studied for defects. In the XY plane, in the transition area of 
repair patch - honeycomb filler, extensive delamination was found with a linear size of 40 mm. 
Based on the results of tomography, the following conclusions can be made: 

• This method of NDT can identify most types of defects (down to micro-defects), which can be 
obtained during production and operation, with the ability to determine linear dimensions, 
area and depth. 

• Despite all the advantages of this method, there is a significant limitation in its use – the 
dimensions of the samples to be studied, which are limited by the dimensions of the 
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tomograph. It should also be noted that this method of non-destructive testing cannot be 
used for on-site inspection (which shearography allows). 

• Sample examination on a tomograph provides a full volume of information for assessing the 
quality of repair and allows you to adjust technological processes for further, higher-quality 
repair. 

• For a detailed study of the sample, about 5-6 hours are required (including setting up the 
sample, setting up scan parameters, the scanning process, processing the results). 

5.2 Shearography 

Analysis of shearography results of a patch obtained using a vacuum method revealed 
characteristic features of the material structure. On the images obtained, shown in figure 12, there 
is pronounced layering and inhomogeneity, presumably due to the specifics of the technological 
process of composite material production. Defects found on shearograms indicate possible defects 
or uneven distribution of components within the material. 

  

Fig. 12.  Shearograms of the patch performed by vacuum method 

The research of layering and inhomogeneity of the patch by shearography allows a deeper 
understanding of the processes of forming composite material and identifying potential problems 
that occurred during its production. Further analysis of the shearography results may contribute 
to the optimisation of technological processes and improvement of the quality of the final product. 

The results of the analysis of the patch obtained by vacuum method with excess pressure 
demonstrated that the structure can be clearly seen on the shearograms without identified 
inhomogeneities and defects, as shown in figure 13. This observation testifies to the high level of 
quality of the patch manufacture and its homogeneity. The absence of inhomogeneities indicates 
that the vacuum process with excess pressure was performed in accordance with the technological 
requirements, which contributes to obtaining a material with a homogeneous structure. 

  

Fig. 13.  Shearograms of the patch performed by excess pressure 
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Thus, the results of shearographic analysis confirm the high quality of the patch, distinguished by 
the absence of identified defects and inhomogeneities. This study is important for quality control 
and optimisation of production processes in the field of composite materials. The patch performed 
by vacuum method with exceeding the curing temperature was also studied by shearography, the 
results of which clearly indicate the presence of inhomogeneity in the form of delamination in the 
structure, indicating a violation of the technological regime of the repair process, as shown in figure 
14.  

 

Fig. 14 – Shearograms of the patch obtained using vacuum and exceeding curing temperature 

The detected inhomogeneity in the material structure, confirmed by shearographic analysis, may 
have a negative impact on the mechanical properties and durability of the patch. 

Based on the results of shearography, the following conclusions can be made: 

• With this method of non-destructive testing, it is possible to see transitions between 
structures (transitions from honeycomb filler to monolithic material). 

• The shearography method, like the other non-destructive testing methods used, recorded 
extensive delamination of the repair zone 3, obtained by vacuuming with an excess curing 
temperature. 

• With a shearograph, you can see the transition between the layers of the patch. 
• Shearography requires less time for equipment calibration, the calibration mechanism is less 

labour-intensive. 
• Shearography is a more visual method of defect detection compared to, for example, 

ultrasonic testing, but it does not allow classifying damage. 

Based on the results of the conducted studies, the following conclusions can be made: 

• Comparison of defectoscopy indications 

6.  Discussions 

When analysing the results of the conducted studies, we can conclude: 

• Zone 1: In the repair zone 1, performed by vacuum method, non-adhesions between the 
layers of the patch and voids formed during the curing of the resin were found. These types 
of defects were detected by all NDT methods used in the research. One of the factors for the 
formation of non-adhesions is the experience and qualification of the staff performing the 
repair activities, which directly affects the quality of the technological process. 
 

• Zone 2:  In repair zone 2, performed by vacuum method with excess pressure, minor non-
adhesions and voids were found in the repair patch area. The linear dimensions of the non-
adhesions are 2-3 mm, so it was not possible to assess defects with such geometric 
dimensions using the express method of NDT (shearography). The quality of the repair 
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performed in zone 2 can be assessed as satisfactory, with the smallest number of defects 
detected by the detailed method of NDT (Tomography). 

 
• Zone 3: In repair zone 3, performed by vacuum method exceeding the curing temperature, 

numerous local non-adhesions in the patch area were found, including extensive 
delamination between the repair layers with linear dimensions of 40x40 mm. The largest 
defect, due to the detection of which this repair patch can be classified as defective, was 
determined by all NDT methods used. Smaller linear defects - only by tomography, 
confirming the need to use the most detailed and lengthy method of analysing the structure 
of repaired samples at the stage of working out repairs according to various technologies.  

7. Conclusions 

The following conclusions can be made from the tomography results: 

• Using this NDT method, most types of defects (down to micro-defects) that can occur during 
production and operation can be identified. It also allows for the determination of location, 
linear dimensions, area, and depth of the defect. 

• Shearography method is not informative in tasks of detecting small defects but can be used 
in tasks of surface analysis of the structure for the presence of obvious defects of relatively 
large sizes. The advantages of this method over tomography should be considered, the main 
one of which is the possibility of studying large structures on site. 

• A comparative analysis is needed to evaluate the applicability and effectiveness of these 
NDT’s on other types of samples (monolithic panels, three-layer panels of different thickness, 
samples with varying curvature). At the stage of refining technological processes and 
choosing the optimal repair strategy, tomography is necessary for a comprehensive 
assessment of the repair quality. 

• In future, during technical maintenance of the aircraft, it is recommended to use 
shearography and ultrasonic testing methods. 

This article makes a unique contribution to the repair of polymer composite materials in aviation, 
emphasising the use of adhesive technologies to repair aircraft structures on site. This minimises 
disassembly, reducing costs and reducing repair time. The article offers a comprehensive approach 
to the analysis of repair technologies and non-destructive testing (NDT) methods. An experimental 
study of adhesive repair of a three-layer carbon fiber panel examines in detail the various repair 
areas and identified defects, demonstrating the relationship between control methods and repair 
quality. In addition, the emphasis on staff qualifications highlights the importance of the human 
factor. The work offers recommendations to improve the quality and reliability of repair 
operations. The results of the study also emphasise the need for detailed non-destructive testing to 
assess the integrity of repairs, which is critical for flight safety. The practical focus of the article 
includes specific recommendations that enhance the reliability of processes. 
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