Symposium on “Recent Advances in Mechanics”
Athens, Greece, September 16-19, 2009

THERMOELASTIC STRESS ANALYSIS OF COMPOSITE MATERIALS AND STRUCTURES
J.M. Dulieu-Barton
School of Engineering Science, University of Southampton, UK
E-mail: Janice@soton.ac.uk
Abstract: The paper describes the development of the application of thermoelastic stress analysis (TSA) to composite materials. The review covers the early developments of the approach, a detailed discussion of the equipment used, as well as an appraisal of the current status and the prospects for future developments. Work on coupon type specimens up to full scale testing is described and includes applications to sandwich structures and adhesively bonded joints. The review demonstrates the capability of TSA as a tool for validating computational models and assesses the outlook for applying TSA to in service structures.      
1. Introduction 
Understanding the mechanical and physical behaviour of layered orthotropic material is an essential key step in performance assessment of composite structures and sandwich structures. Thermoelastic Stress Analysis (TSA) [1] is a well established technique for the evaluation of stresses in engineering components. All that is required is an infra-red detector and a means of applying a cyclic load. The only preparation that is required is a single coating of matt black paint to enhance emissivity and data that is directly related to the stress can be collected in a matter of seconds. Hence real time data from structures experiencing damage can be obtained. Essentially an infra-red detector is used to measure the small temperature change associated with the thermoelastic effect and is related to the changes in the sum of the principal stresses on the surface of the material. The thermoelastic response from orthotropic composite laminates differs significantly to that from homogeneous isotropic materials. The stress field associated with a typical fibre/matrix composite is essentially discontinuous and on a micro scale cannot be considered homogeneous. The challenge has been to apply this technique to composite structures and obtain meaningful data related to the stresses.

2. TSA and composite materials
The thermoelastic response from orthotropic composite laminates differs significantly to that from homogeneous isotropic materials. The simple thermoelastic theory devised for an isotropic body is not valid for orthotropic composite materials the following equation is used [2]
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are the changes in the direct surface stresses and A* is a further calibration constant.

Stanley and Chan [2] validated Eq. (3) using two types of composite component. Potter [3] proposed a thermoelastic theory relating the thermoelastic output to that of the surface strains in a carbon fibre / epoxy resin laminate. Bakis and Reifsnider [4] investigated the influence of material inhomogeneity and anisotropy using carbon fibre reinforced plastics. They also investigated the limitations of Eq. (3) in terms of the adiabatic assumption made in its development. Wong [5] discussed the effects of non-adiabatic conditions on the thermoelastic signal recorded from the specimen surface due to heat transfer characteristics at large stress gradients, such as those experienced between plies orientated at different angles in a laminate. Cunningham et al [6] have shown that in glass reinforced epoxy composites the adiabatic assumption is valid. This was also confirmed in a study on pultruded composite materials [7]. Pitarresi et al [8] studied a non crimp stitched composite material and concluded that the thermoelastic response was generated by strain transfer into the resin-rich surface layer.   A number of quantitative studies have been carried out on composite structures [9-11] by deriving the calibration constant, A*. Recently a generalised calibration routine has been developed in [12], that has been used successfully for applications to bonded joints [13] and sandwich structures [14].  
3. Conclusions
The progress to date on the application of TSA to composite structures, described in the paper, has demonstrated that TSA is an effective full-field, non-contact and non-destructive technique for assessing the performance of composite structures.   
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