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Abstract 

Detection of fatigue damage in composite structures is in particular important for aerospace 
applications, where the structural components encounter many load cycles. Typical fatigue 
damage in metals is characterised by a single crack, which is detectable employing 
conventional penetrant or eddy current testing. In contrast, fatigue mechanisms of 
heterogeneous composites are more complex and more difficult to monitor which 
challenges non-destructive testing and evaluation (NDT&E). Even though fatigue damage 
accumulation in composite reduces residual strength and stiffness of structural components, 
only few methodologies for NDT&E have so far been proposed for this field of application. 
This paper discusses an approach based on experimental work. Damage formation under 
fatigue loading in glass and carbon fibre reinforced polymers is monitored using mode 
conversion between ultrasound in air and guided waves. Fatigue damage is induced in 
coupon and tube specimens by uni- and biaxially loads, respectively. The investigation 
involves various stress ratios (tension-tension, tension-compression, and compression-
compression) as well as combinations of shear and normal stresses. Cyclic loading of the 
specimens in a hydraulic testing machine is performed alternately with non-destructive 
testing outside the test rig. The remote ultrasonic technique reveals a decrease in guided 
wave velocity which correlates closely with stiffness degradation of the composite. Using 
this single-sided access configuration, increase in guided wave attenuation is monitored 
which corresponds to the observed formation of visible matrix cracks within the transparent 
glass fibre reinforced plastic. For the tube specimens, local damage evolution is 
characterized by air-coupled guided wave area scans and visual inspection. Spots of 
accelerated degradation are observed by successive area scans and coincide with regions of 
increased temperature being detected by an infrared camera. High speed imaging proves 
that the initiation spot of ultimate failure is predictable after about 90% of fatigue life using 
the developed ultrasonic technique. 
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