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Business and Activity Section

1. Background and Objectives in the 7th 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 7th Quarter
During the 7th quarter, a two-step helical guided wave approach for localization and quantification of internal corrosion was completed and verified against experimental and numerical data. This approach is using multiple orders of HGUW to first localize the corroded area and then estimate the shape of the corrosion as well as the remaining thickness of the pipe at that location.   














2. Results and Discussions

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

The proposed corrosion assessment methodology consists of two main steps: 1) corrosion localization (CL), and 2) corrosion sizing (CS). Corrosion localization is achieved by using an algebraic reconstruction technique (ART) as a localization scheme, to extract potential damage locations on the pipe circumference. The locations provided by CL are then exploited in the second step of the methodology, where the acoustic wave equation is solved iteratively, to minimize the phase velocity travel time of the  between the experiment and 2D acoustic model. The above procedure is outlined in Figure 1.
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[bookmark: _Ref44618350]Figure 1: Flow chart of the proposed corrosion assessment methodology.











Experiment

An accelerated corrosion test in a 12-in diameter steel pipe was designed and executed during previous quarters. The thickness profiles of the corroded region are presented in Figure 2. The proposed algorithm attempts to localize the damage as well as quantitatively assess the corrosion size and remaining thickness. 
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[bookmark: _Ref44903975]Figure 2: Thickness profiles from accelerated corrosion test.
Corrosion localization – CL

The output coordinate locations of the CL step are presented in Figure 3 for cycles 1-10 of the experiment. Overall, it can be observed that the proposed ART scheme can accurately depict potential damage locations in the pipe surface, since most of the coordinate points are gathered around the corrosion patch. Outliers away from the actual corrosion area are present only during the first cycles of the test, suggesting that the localization process is progressively getting more accurate. Cycle 1 has an overall accuracy of 86.6% while cycle 10 reaches accuracy of 96.6%.

[image: ]
[bookmark: _Ref44930631]Figure 3: The output coordinate locations of the ART localization for cycles 1-10.

Corrosion sizing – CS

Findings of the CS are summarized in Figure 4. The estimated corrosion profiles are presented for the corresponding test cycles 2, 5, and 10. In terms of sizing the corrosion patch, the proposed scheme is shown to perform well even in the early stages of the test. Thickness loss was estimated to be around 5%, 25%, 47% for the three cycles in which the thickness loss was expected to be 10%, 25%, and 50% respectively. Regarding the overall shape of the corrosion patch, cycles 2 and 5 slightly underestimate it, suggesting a more circular profile, while in the case of the 10th cycle the reconstructed shape approaches a more elliptical shape with dimensions almost exact to the original damage. 

[image: ]
[bookmark: _Ref44904163]Figure 4: The CS estimations for cycles 2,5 and 10
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