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REAL-TIME DAMAGE IDENTIFICATION USING ROTATING FIELD ANALYSIS 

H. Lopes1, J. Ribeiro1, J.V. Araújo dos Santos2, M. A. Vaz3 and J. F. Silva Gomes3 
IPB-Polytechnic Institute of Bragança /INEGI-Institute of Mechanical Engineering and Industrial Management, Portugal; 2IDMEC/IST, Instituto Superior Técnico, Portugal; 3DEMEGI, University of Porto, Portugal 

1- INTRODUCTION 

The low damage tolerance of laminated composite structures and the lack of effective and global 

non-destructive inspection techniques have recently motivated the development of new 

methodologies. The perturbation or discontinuity analysis of the rotation field and their spatial 

derivatives has been referred in literatures as the most promising techniques for damage localisation 

( Pandey, 1991; Abdo, 2002). Moreover, the accurate measurement of full-field rotation fields is 

required to identify small internal damages. On the other hand, the speckle interferometry 

techniques, such as Electronic Speckle Pattern Interferometry (ESPI) and the Shearography prove 

to be the most suitable techniques for damage localisation (Seinchen, 2003). In particular, the 

shearography technique allows full-field, non-contact and high resolution measurement of the 

rotation field. Their low sensitivity to external perturbations makes this technique suitable to 

industrial applications and being the rotation measurement unaffected by rigid body movements. 

Therefore, the discontinuities and perturbations in the rotation field, associated to the internal 

delaminations, can be rapidly identify. The classical approach for internal damage localization is 

based on the detection of anomalies in the raw fringe spatial distribution. Since damage localisation 

is based on the recognition and classification of fringe patterns, the identification process fails when 

there isn’t enough fringes produced by the external loads, due to small damage size or when they 

are located deeply inside of the structure. 

2- OBJECTIVES 

3- METHODOLOGY 

The multi-damage analysis is performed in a carbon laminated composite plate with 276.5 mm long, 

198 mm wide and 1.825mm thick. The two internal damages were created by two different low-

speed impacts, through the free fall of a steel sphere, being the energy 13.5 J and 26.2 J of the 

first and second impact, respectively. After the impacts, no damage could be seen on the plate 

surface, Figure 1. 

The rotation field on the plate was measure using speckle shearography system, which were 

developed based on the optical Michelson interferometer. This use 4 Megapixel CMOS sensor of 

Dalsa camera model Falcon 4M30 to capture the interference speckle pattern, allowing a high 

spatial resolution with 2352x1728 measurement points in horizontal and vertical direction, 

respectively. The time modulation technique with constant phase-step is applied for the interference 

phase evaluation. This is accomplish through the translation one of the Michelson interferometer 

mirrors, by the actuation of a piezoelectric. A He-Ne continues-wave laser of 30 mW with a 

wavelength of λ=694 nm is used to illuminate the measurement surface. This was cover with a thin 

layer of white powder to produce a uniform light reflection. In order to impart greater stability to the 

assembly and experimental measurement, the plate was fixed in one edge to a high rigidity support 

and mounted on an optical table. The general view of the experimental set-up is shown in Figure 2. 

5- CONCLUSIONS 
The thermal load is applied on one side of the plate, by heating surface during 5 seconds with a 100 

W halogen lamp, rising the surface temperature in 2 ºC. The phase map produced by the thermal 

load is obtained by the correlation of light phase from a reference and deformation states. Generally 

for static deformations, the determination of the light phase requires the digital recording of four 

intensity interferograms with different phase step (Kreis, 2005). In our case, the phase map 

∆𝜙 𝑥, 𝑦  is computed by recording the four intensities at the reference position or unloading state 

with constant phase step of π/2 (𝐼𝑅
0, 𝐼𝑅

𝜋/2, 𝐼𝑅
𝜋, 𝐼𝑅

3𝜋/2), being intensity interfererogram (𝐼𝐷) 

acquired after the thermal load subtract to each of reference intensity, and is defined by: 

4- RESULTS 

The rotation field was monitored real-time during the cooling process after applying the thermal load. 

The Figure 3 shows the raw fringes map, the filtered phase map and the corresponding rotation field 

at 10 seconds after removing the thermal load, using a shearing value of ∆x=10 mm, .  
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Figure 2 –  General view of experimental setup. 
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where 𝑥 and  𝑦 are, respectively, the horizontal and vertical plate coordinates.  

The rotation fields are computed by filtering and unwrapping the phase maps. The high frequency 

noise in the phase maps is partially remove by applying average filter through image convolution 

technique and the phase discontinuities are removed using Goldstein unwrapping method (Ghiglia, 

1998). A relation between of the rotation field along x-axis Θ𝑥 𝑥, 𝑦  and the measurement phase 

map can be established: 

Figure 1: The damage location on the plate created by two low-speed impacts  

∆𝜙 𝑥, 𝑦 = 𝑎𝑟𝑐𝑡𝑎𝑛
𝐼𝐷 − 𝐼𝑅

3𝜋/2 − 𝐼𝐷 − 𝐼𝑅
𝜋/2

𝐼𝐷 − 𝐼𝑅
0 − 𝐼𝐷 − 𝐼𝑅

𝜋  
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being ∆x the shearing value in horizontal direction. This can be control by adjusting the rotation of 

one of mirrors of Michelson interterferometer. 

 A program was developed in Matlab® platform to digitally acquire the intensity pattern created 

optical interferometer and post-processing the phase maps. The algorithms were optimized to allow 

at video rate the visualization of the rotation field. Thus, the damage localisation can be performed 

at real-time by identifying local perturbations or discontinuities in the rotation field during the heating 

and cooling process.  

Θ𝑥 𝑥, 𝑦 =
𝜆

2𝜋Δ𝑥
∆𝜙 𝑥, 𝑦  

Figure 3–  The raw fringes map, the filtered phase map and the rotation field obtained by speckle shearography system, being 

the positions of the two impacts identify by red circles. 
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The proposed methodology for identification of structural damage is based on the perturbation or 

discontinuities analysis of the rotation fields. The high spatial resolution of the rotation field is 

measured at video rate by the speckle shearography system, using the time phase modulation 

technique. The analysis of the rotation field instead of the raw fringes or the phase maps, eliminates 

the need for the interpretation of the fringes pattern and increases the spatial resolution of the 

measurements. The comparative analysis among the application of raw fringes, phase map and 

rotation field for the localisation of two damages in a laminated composite plate are presented. The 

results show that real-time analysis of rotation field is more effective for damage localisation 

relatively to the raw fringe analysis. However, this methodology is much more computationally  

demanding. 

The identification of structural damage is performed by analyzing the disturbances and 

discontinuities on the fringes map or in the rotation field. The raw fringes concentration near the low 

right edge, close to where the second impact was made, reveal the localisation of second damage 

(highest energy impact). This is seen more clearly by analyzing the filtered phase map, but the 

location first impact isn’t reveal due to the presence of phase perturbations in this region. However, 

the analysis of the rotation field distribution presents two perturbations near to regions where the two 

impacts were made, allowing to correctly identify the two internal damages. This result shows a 

better performance of the proposed methodology for the damage localisation, which is based on the 

real-time analysis of the rotation field.  


	Poster_IRF2013_
	POSTER SESSION III-4712



