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Abstract:Recent progress in the application of combined thermo-photo elastic analysis for the separation of 

principal surface stresses is presented[1]. The instrument combines thetechniques of thermo elastic stress analysis 

and reflection photo elasticity, permitting the simultaneous capture of both data from the same point of view. A 

single strain witness coating isemployed for the acquisition of both the thermoelastic and photoelastic data, which is 

both bire-fringent under applied stress conditions [2]. Combined thermoelasticity and photoelasticity integrates the 

use of reflection photo elasticity to determine the difference in the principal stresses with thermoelastic stress 

analysisto evaluate the sum of the principal stresses, the advantage gained from this combinationbeing the 

independent separation of the principal stresses at all points in the field of view.This enables the combined technique 

to beperformed continuously from the same surface duringloading[4]. The results demonstrate that the technique 

andinstrumentation are relatively robust and can be successfully used in these demandingapplications. 
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1. INTRODUCTION 

For the determination of the principal stresses in a 

structural component, a number of methods are 

available to the engineering designers, but for 

complex structures such as airframes, compressor 

blades, a combination of numerical and experimental 

techniques is probably necessary. In recent years 

experimental methods have fallen behind numerical 

methods in terms of the quantity and forms of data 

that can be provided. 

Reflection photoelasticity and thermo-elastic stress 

analysis are well-established techniques in their own 

right [4]. 

Reflection photoelasticityhas been employed for 

more than 50 years to evaluate the distribution of 

strain on the surface of components subject to service 

loads.Photoelasticity is full-field technique for 

accurately determining the stresses in a part of 

structure during static or dynamic loading[4]. 

The namePhotoelasticity reflects the nature of this 

experimental method: photo implies the use of light 

rays and optical techniques, while elasticity depicts 

the study of stresses and deformations in elastic 

bodies. Photoelasticity technique the test part is first 

coated with a stress-sensitive plastic coating and then 

subjected to an external load.The stress which exist 

throughout the part and over its surface are 

transferred to the coating and observed as optical 

interference fringes with a reflection Polariscope. 

On other hand, Thermoelasticity is a contemporary 

method of stress analysis that can be used effectively 

for design, fracture mechanics, damage detection, 

fatigue and residual stresses[5]. In addition to its 

applicability for assessing the reliability of other 

solutions, thermoelastic stress analysis is useful for 

analysing stress in situations in which other methods 

are difficult or not feasible. The technique is based on 

the small temperature changes that occur when a 

material is subject to a time-varying stress or strain. 

Thermoelastic stress analysis usually employs cyclic 
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loading and measures the resultant temperature 

changes with an infrared sensor or camera. 

It has to be considered that thermoelastic stress 

analysis gives the principal stress sum but no 

information is provided on the individual principal 

stresses[6]. Such information is frequently required in 

analysis or design and it is important to develop 

techniques for determining individual stress values, 

i.e. stress separation[6].  A variety of separation 

techniques have been developed which combine 

experimental data with numerical procedures. These 

approaches have met with considerable success, but 

they have also shortcomings, ranging from large 

cumulative errors, due to iteration, to the requirement 

for reliable edge data to determine boundary stresses. 

In addition, occasions may occur when analysis is 

required where a free boundary cannot be considered. 

 

2. EXPERIMENTAL PROCEDURE 

This study allows the simultaneous capture of pairs 

of thermo-elastic and photo-elastic data from same 

viewing position. 

This approach does not require any knowledge of 

boundary conditions and no integration or 

differencing procedure is applied. Specifically, 

thermoelastic stress analysis was performed using a 

SPATE (stress pattern analysis by thermal emission) 

system, while photoelastic analysis was carried out 

using a semi-automated reflection polariscope based 

on the phase-stepping technique. However, the two 

techniques were applied to opposite faces of a plate, 

so that the analysis was limited to bi-dimensional 

problems. In fact, as reflection photoelasticity 

requires the application of a birefringent coating on 

the structure to be analysed, the thermoelastic signal 

is dependent on the emissivity of the surface of the 

specimen, so that it is important to standardize the 

surface emissivity and enhance the response. This is 

usually achieved by applying a photoelastic coating 

to the surface by means of an aerosol spray [6]. 

Simultaneous capture of thermal and optical data 

requires a specimen surface which displays adequate 

properties in both experimental cases. For a metallic 

component, this requires the adhesion of a strain 

witness coating which is both adequately bire- 

fringent and a good thermal emitter[1]. 

The technique involves the bonding of a polymer 

coating to a component, with a reflective layer 

between the coating and component. The coating acts 

as a strain witness to the behaviour of the surface of 

the component and when viewed in polarized light, 

exhibits fringes which are contours of the difference 

in the principal strains. 

The instrument layout is shown in figure. 

                                                                      

Fig.1
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The concept of this instrument is to mount the 

thermoelastic and photoelastic system in parallel, so 

that they could observe the same field of view. 

A simple rectangular plate was chosen to validate the 

result produced by the integrated analysis system. 

The plate was made from a mild steel material of 

thickness 3 mm,width 3 inches and length 3 inches. 

The coatings used in this work were thin sheets of 

polycarbonate (PS-1) which had been bonded on to 

the surface of the plate being analysed. When the 

specimen is loaded, the displacements at the 

specimen–coating interface are transmitted to the 

coating to produce a strain field through the thickness 

of the coating. If the coating is thin relative to the 

thickness of the specimen, the strains developed at 

the surface of the specimen are transmitted without 

significant variation to the coating 

 

3.COATING MATERIALS FOR FLAT 

PARTS: 

Pre-manufactured sheets are most economical for 

testing flat parts. The standard size for all sheet 

materials is 10*10 inches (254*254 mm). for the  PS-

1 type, other standard sizes are 10*20 and 20*20 

inches (254*508mm) and (508*508mm) resp. 

Thicknesses of sheets ranges for 0.010 to 0.120 in 

(0.25 to 3.05 mm). All sheets are calibrated for strain 

sensitivity, are held to very close dimensional 

tolerance and are uniform in optical and, Mechanical 

properties from sheet to sheet. PS-1 sheets are 

provided with reflective backing[8]. 

 

3.1 PS-1 SHEET FEATURES 

Excellent high sensitivity plastic for accurate analysis 

in the elastic and elasto-plastic ranges of most metals. 

 Supplied with the proceed reflective backing to 

increases bond strength of the material. 

 Very easy to machine. 

 Exhibits no time edge effects[8]. 

 

3.2 ADHESIVE 

Selection of the proper adhesive for use with the 

various photoelastic coating is important. 

PC-1C adhesive features: 

 For application using reflective sheets 

 Excellent bond strength with absence of 

creep. 

 Relatively fast curing(12 hours at room 

temperature. 

 Low viscosity enables very easy handling. 

. 

PolarizedLight (luminous rays) are electromagnetic 

vibrations similar to radio waves. An incandescent 

source emits radiant energy which propagates in all 

directions and contains a whole spectrum of 

vibrations of differentfrequencies or wavelengths [9]. 

The vibration associated with light is perpendicular to 

the direction of propagation. A light source emits a 

train of waves containing vibrations in all 

perpendicular planes when observed with a reflection 

polariscope, the photostress fringe pattern appears as 

a series of successive and contiguous different colour 

bands (iso-chromatic) in which each band represents 

a different degree of birefringence corresponding to 

the underlying strain in the test part. Thus, the colour 

of each and uniquely identifies the birefringence, or 

fringe order (and strain level), everywhere along that 

band. With an understanding of the unvarying 

sequence in which the colours appear, the 

photoelastic fringe pattern can be read much like a 

topographical map to visualize the stress distribution 

over the surface of the coated test part[9]. 

4. CONCLUSION: 

Goodcorrelation is observed between the 

experimental and theoretical data. Combined use of 

thermoelasticity and photoelasticity is apowerful tool 

in the analysis of stress fields on the surface ofa 

composite material. Specifically, thermoelastic stress 

analysis was performed bya SPATE (stress pattern 

analysis by thermal emission) system, while 
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photoelastic analysis was carried out by using a semi-

automated reflection polariscope basedon the phase-

stepping technique. The data obtained by these 

experimental techniques, in terms of sum and 

difference of principal stresses, were used to 

determine the individual components of stress[2]. 

The requirement to bond a coating to the component 

restricts the environment in which tests can be 

conducted. 

The combined technique is particularly well suited to 

situations where full-field maps of theprincipal 

stresses are required. Examples of these include the 

validation of numerical methods such as finite 

elements and understanding the behaviour of 

complex materials andstructures[4]. The combined 

thermo-photoelastic technique is particularly useful 

for applications for which there are no free edges in 

the field of view, making it difficult touse any other 

method. 

To conclude, a methodology for the combined use of 

thermoelasticity and photoelasticity has been 

described, demonstrated and discussed. The 

advantages of this approach areas follows: 

 

 No integration or differencing procedure is 

applied tothe experimental data. 

 Noprior knowledgeof the stress state is 

required. 

 Analysis can be directly conducted at 

interior points ofa component. 

 There is no limitation in the choice of 

material of thecomponent to be analysed. 

 Complex distribution of stresses can be 

evaluated without commutations of errors 

observed with other procedures[1]. 
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