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ABSTRACT 

Full-scale experimental investigations into the residual strength of structurally similar 

elements of acoustical panels after a local repair of defects, such as through breakdown, were 

conducted. The technology of repair consists in removing and layer-by-layer replacing the 

damaged layers of material with repaired ones. For comparison, undamaged and repaired 

sandwich panel specimens were tested in tension and compression. The specimens were 

produced by serial technology from a VPS-33 fiberglass prepreg. Their deformation and 

fracture mechanisms are analyzed, and their loading diagrams are obtained. 

Keywords: experimental mechanics, tension/compression tests, infrared thermography. 

 

INTRODUCTION 

At present, composite materials are being widely introduced into aircraft structures - parts and 

units of airframes and aviation gas turbine power plants. The composite parts of aircraft 

engines, as a rule, have a rather complex reinforcement scheme, including several layers of a 

(honeycomb, tubular, or cellular) filler, imbedded elements, composite flanges, etc. During 

their operation in the structure of a propulsion unit, various defects, including those caused by 

casual mechanical actions, inevitably arise. 

The defects can be of surface type, such as scratches, cuts, and damages of one or several 

surface layers, but they can also have the form of nonthrough or through breakdowns of the 

wall of a structural element. In this case, it is difficult to evaluate the serviceability of the 

structure with a defect (or several defects); to solve this problem, the whole complex of 

investigations have to be carried out, namely it is necessary to examine the effect of the size 

of a defect on the serviceability of the structure and to determine its allowable size, to choose 

the way of its healing (repair of the structure), and to estimate the residual strength and the 

service life of the defected structure. 

The research is devoted to the experimental investigation of the defects influence on the 

residual strength of composites structure, as well as the possibility of using local repair 

operations. The objects of research are structurally similar elements of acoustical sandwich 

panels after a local repair of defects, such as through breakdown. 

The specimens were produced by serial technology from a fiberglass prepreg. Research was 

carried out on a universal electromechanical system Instron 5982 and servo-hydraulic system 

Instron 8801. For analysis the internal geometry of the specimen and to assess the possible 

defect inspection was used infrared thermal imaging system FLIR SC7000 (Lobanov, 2015).  
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RESULTS AND CONCLUSIONS 

The techniques of joint using testing and measuring systems under static (Zuiko, 2012; 

Lobanov, 2015) and cyclic tests were offered. For comparison, repaired sandwich panel 

specimens were tested in tension and in tension with preliminary cyclic loading with the 

registration of the thermal images. By using infrared thermal imaging system were detected 

internal structure (fig. 1), processes of the defects development, and the temperature 

distribution on the surface of the test specimen. 

 

         
(a)     (b) 

Fig. 1 -  Termogramme of composite panel with a local repair area of defects, before (a) and after (b) loading 

 

In the present study, the possibility of local repair of defects arising during operation of 

typical elements in composite structures of aircraft gas turbine plants is considered. 

Experimental investigations for evaluating the statistical residual strength were performed on 

composite panel specimens in tension and compression. At the given stage, we should 

mention that additional tension tests are necessary to estimate the effect of statistical 

straggling, to evaluate the influence of the size of a defect on the serviceability of a structure, 

and to determine the allowable size of the defect. Topical remains the problem of additional 

investigations to evaluate the influence of environmental factors, cyclic loadings, and 

deviations in the repair technology on the healed zones of composite structures of aircraft. 
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