
 Integrity, Reliability and Failure of Mechanical Systems 

IRF’2013  1

PAPER REF: 4740 

 

 

A NOVEL GRAZING ILLUMINATION SYSTEM FOR FATIGUE 

CRACK GROWTH MEASUREMENT  
 

Nuno Viriato
1(*)

, Paulo J. Tavares
1
, Pedro M.G.P. Moreira

1
, Mário A.P. Vaz

2
 

1
Institute of Mechanical Engineering and Industrial Management (INEGI)  
2
Department of Mechanical Engineering and Industrial Management (DEMec), University of Porto, Portugal 
(*)

Email: nviriato@inegi.up.pt 

 

 

ABSTRACT 

This letter reports on the development of a dedicated illumination system for fatigue crack 

growth measurement system. The system uses darkfield lighting with a led ring system and a 

reflector for Central Crack Test (CCT) specimen illumination. Numerical ray-tracing 

optimization was employed for the specific specimen limitations, such as size and reflectivity 

properties as well as the requirement for uniform field illumination. 
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INTRODUCTION 

Traditional illumination systems for fatigue crack growth testing shows a severe limitation in 

contrast and a rather low detection capability for narrow crack opening. Furthermore, the 

discernment between the crack opening and other superficial artifacts prevents the correct 

identification of the crack-tip position and total length. Although these are not severe 

problems for the traditional crack-tip position measurement with a travelling microscope, they 

become very significant when trying to use image methods as an alternative. An important 

image processing rule is to start with the best possible image, or otherwise, statistical and 

morphological data processing will hardly be able to remove all unnecessary clutter. 

Developing an illumination system involves a correct specification of the test specimen 

geometry and physical properties as well as the envisaged feature characteristics. For the CCT 

test specimens and crack detection this implies a diffuse tangential illumination to increase 

the contrast of the crack relatively to the surface. It also requires a suitable wavelength for the 

specific detection sensor (Tian, 2007; Ortner, 2012). In this project, a cold LED lighting was 

used with an appropriate wavelength distribution and a special geometry for darkfield 

illumination was designed and optimized trough numerical ray-tracing.  

 

RESULTS AND CONCLUSIONS 

The initial testing shows very promising results with increased crack-tip detection capability 

with the LOME dedicated image processing system.  

The images acquired with the grazing illumination system show a higher contrast and an 

increased S/N ratio. The required number of statistical and morphological imaging processing 

operations is considerably reduced for these images, increasing the processing efficiency and 

improving the final result. 

A comparison of the images acquired with and without the grazing illumination can be seen in 

Fig. 1. 
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Fig. 1 - Imaged acquired with (a) no illumination and with (b) grazing illumination system 
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