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Business and Activity Section

1. Background and Objectives in the 6th Quarter
1.1 Background
The objective of this study is to employ helical guided ultrasonic waves (HGUW) for the health monitoring of pipelines. Specifically, the use of HGUW aims at localizing and quantifying different types and sizes of defects in pipes like corrosion, erosion, cracking etc.  
1.2 Objectives in the 6th Quarter
During the 6th quarter, the results from the accelerated corrosion test have been processed and analyzed. A new condition assessment approach has been developed and verified, that can localize the damage in the inner surface of the pipe as well as asses its physical dimensions.   













2.  Experimental Program in the 6th Quarter

The experimental setup used during the 6th quarter was the accelerated corrosion presented in figure (1). A rectangular Plexiglass tank of size 25×10cm had been installed on the inner surface of the steel pipe. The impressed current technique was employed to simulate corrosion in the pipe. This was achieved by using a saltwater solution while DC was running through a wire mesh around the tank. A network of piezoelectric sensors was used to excite and record HGUW for every cycle of the test. The total duration of the test was 20 cycles.

[image: ]

Figure (1): Experimental setup

3. Results and Discussions

2-step approach for qualitative and quantitative assessment of the pipeline health condition

Step-1: Damage localization

In order to localize the corroding area, an algebraic reconstruction technique (ART) was utilized. This approach requires a measured feature of the HGUW as a damage input index to initiate the localization process. For this work, the energy ratio of the fundamental modes, S0-A0, was selected due to its sensitivity to thickness variations. This ratio was defined as    

The estimation of the energy is performed by means of calculating the peak of the Hilbert transform of the signal. Results from step-1 of this proposed methodology are presented in figure (2) for the first 10 cycles of the corrosion test. Good accuracy was observed even in the early stages of the corrosion process.


[image: ]
Figure (2): Localization results using the ART for the first 10 cycles of the test

Step-2: Corrosion damage sizing

To properly characterize the size of the corrosion, a tomographic approach is required. Usually in tomography, a simplified model is used to solve the propagation problem theoretically or numerically and then certain features are compared against experimental results. To this aim, the phase velocity travel time was chosen due to its direct relation to the frequency of the HGUW and the thickness of the pipe. The acoustic problem was solved through the fast-marching method which offers a convenient way to calculate travel time from source to sensor which is then correlated against the experiment. This consists the 2nd step of the overall methodology because it utilizes the coordinates from the ART in order to start a parametric study of width, length and depth around that area.

 [image: ]
Figure (3): Estimation of the size and depth of corrosion patch at the 10th cycle

[bookmark: _GoBack]Figure (3) presents the size and depth estimation of the corroded area for the 10th cycle. At this cycle, the estimated remaining thickness was around 50% which agrees with the qualitative assessment of the proposed approach. A good agreement is also found in terms of the size of the corroded region.
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