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Business and Activity Section

1. Background and Objectives in the 5th 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 5th Quarter
An accelerated corrosion test has been performed in the inner surface of a 12-in diameter steel pipe. The main goal was to explore the behavior of helical guided ultrasonic waves when interacting with realistic conditions of corrosion. A numerical model has been used to correlate the experimental results.    













2.  Experimental Program in the 5th Quarter
2.1 Experimental design
A rectangular fiberglass tank of 25×10cm dimensions had been installed on the inner surface of the steel pipe. The impressed current technique was employed to create corrosion damage on the pipe. This was achieved by using a saltwater solution while DC was running through a wire mesh around the tank. Each cycle of this procedure involved:
· measurement of the remaining thickness using standard ultrasonic thickness probe 
· guided wave inspection – 6 permanently attached PZT sensors
· 5 hour of DC supply
· simultaneous AE inspection – 6 sensors, during the 5 hours.
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a)



[image: pipe]










[image: ]

















[bookmark: _GoBack]Figure 1. Experimental setup a) 3D view, b) 2D unwrapped view





3. Results and Discussions

The measured profile of the corroded region using conventional ultrasonic thickness measurement agrees with the Faraday’s Law of electrolysis.
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Figure 2. Estimation of the remaining thickness with a) Faraday’s Law of electrolysis b) conventional ultrasonic thickness measurements

Features to estimate corrosion progress:

1. Energy ratio:	 
The ratio of the energy of each helical mode can be used to estimate the remaining thickness of the pipe. Modes that interfere with the corroded region will experience scattering thus reduction in their total energy. The estimation of the energy is performed by means of calculating the peak of the Hilbert transform of the signal. 

















Figure 3. Calculation of the energy ratio of helical guided wave modes S0 and A0

2. Phase velocity lag

Estimation of the phase velocity lag allows for estimation of the remaining thickness of the pipe since the group velocity of helical guided waves is a function of frequency and thickness. The phase lag has been calculated based on the zero crossing method.
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Figure 4. Phase velocity estimation using zero-crossing method


Example from pair of sensors 1&5 where the helical orders 2&4 are crossing the corroded region as shown in Figure 5. The ratio of the modes S0, A0 and the phase lag of the A0 modes are presented in Figure 6. As expected, the second helical order shows the largest variation in both quantities since it has a direct path through the corroded patch.   
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Figure 5. Demonstration of the unwrapped pipe and the ray paths of the first five helical orders connecting sensors 1&5











Figure 6. Estimated mode ratio and phase lag from experiment


4. Future work

The work will be extended to more complex geometries to study the effectiveness of the helical guided ultrasonic waves for damage identification and quantification. More specifically a section including a pipe bend of 8in diameter has been constructed as shown in Figure (7) and testing is currently in progress.
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Figure 7. 8in diameter steel bend connected to straight segments of pipe
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