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Business and Activity Section
(a) Contract Activity

1) No contract modifications expected.
2) No materials purchased

1. Background and Objectives in the 3rd Quarter

1.1 Background
Investigate the potential of using helical guided ultrasonic waves to inspect large segments of pipelines for corrosion damages. 

1.2 Objectives in the 3rd Quarter
Investigate the effectiveness, applicability and limitations of the proposed imaging algorithm (ART). 

2.  Experimental Program in the 2nd Quarter
2.1 Experimental design
Experiments were performed on a 60 cm section of a 1.52 m (5 ft) long carbon steel pipe, with diameter and wall thickness 30.48 cm (12 in.) and 3.416 mm (0.1345 in.) respectively. The pipe was instrumented with 12 PZT disks in two groups of circular arrays. For each array the sensors had an angle difference of 60 degrees and between the two arrays the angle difference was 30 degrees. Damage was introduced in the pipe by machining its surface at multiple locations and then the remaining thickness was measured by using a conventional ultrasonic probe. The first simulated damage (D1) had size 5×3 cm and the second damage (D2) 3×3 cm. The reduction in thickness for both damages was estimated to be near 30%. Attempt for pipe imaging has been made first for damage D1 and then for both damages D1-D2.
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Figure 1. Transmitting and receiving sensors 3&9. a) Representation of the first five helical paths, b) typical signals obtained from pristine and damaged stages and c) the baseline subtraction.
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3. Results and Discussions

Figure 2 shows the reconstructed images for damage D1 with the consideration of three, five, and eight helical orders. The accuracy of localization is improved with the use of more helical orders, while the number of artifacts is considerably smaller when using fewer helical orders. This is due to the higher density of the helical rays but at the same time attenuation of higher orders of helical modes and partial temporal overlapping between the S0 and A0 can severely compromise the quality of the image. 
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Figure 2. Reconstructed images for damage D1 with the use of a) three b) five and c) eight helical orders




To further exploit the potential of the proposed imaging algorithm, an effort has been made to localize two damages simultaneously. Figure 3 represents the tomographic image for damages D1 and D2. The accuracy of the ART algorithm remains high, giving clear indications on the locations of the damages.
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Figure 3. Reconstructed image for damages D1&D2 using five helical orders.

4. Future work

An accelerated corrosion test in the inner surface of the steel pipe has been completed. Figure 4 shows the experimental setup. Results from the test are currently being processed in order to study the behavior of the helical guided waves and the ability to extract thickness information based on their propagation. Failure after 20 cycles
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[bookmark: _GoBack]Figure 4. a) Tank inside the pipe, b) formatted sludge at the bottom of the pipe and c) failure 
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