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Project Overview

B Mechanical damage is the single largest cause of failure in pipelines; in-line
inspection tools are needed for damage detection, localization, classification,
and sizing, etc.

B “Cup” and “Saucer” types of mechanical dents

B Non-contact shear horizontal ElectroMagnetic Acoustic Transducers (EMAT)
for circumferential and axial guided waves inspection of dents
® Longrange
® Fast
® Non-contact
® Robust, highly repeatable

B Theoretical model for wave scattering from dents

B Accurate dent detection and classification algorithms for a yes-or-no indication

@) of the presence of defect, recognizing defect type and sizes
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Technical Approaches
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Fig. 2 2-D and 3-D BEM modeling
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2-D BEM Results
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(b) 1” diameter, 0.5” depth half-sphere “cup” dent

(c) 1.5” diameter, 0.23” depth 60-degree-volume-angle-sphere *“saucer” dent
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(d) 2” diameter, 0.31” depth 60-degree-volume-angle-sphere “saucer” dent

Note: SH wave around 200~300 kHz is
sensitive to different types of dents
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3-D BEM Results
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EMAT Sensor Design
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Specimens and Test Setup

Cup and saucer on a 12-inch pipe

Pipe #1

O cupdents < saucerdents

. Pipe #2

No-Deformation
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A
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Deformed region
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Dent Description and Data Collection

Table 1 Dents description on pipe #1

Diameter (inch) Ball
Dent number, type : Depth (inch) Area of Diameter
moet, yp Axial Circumfere P deformation .
and position (inch) ntial (inch)
1 Cup (6.75) 0.59 0.59 0.238 1.8x1.3
2 Cup (14.9375) 0.65 0.65 0.345 35x22 1
3 Cup (23.125) 0.63 0.63 0.318 25x1.6
4 Saucer (31.3758) 1.185 1.02 0.305 3.2x22 -
5 Saucer (39.5625) 15 1.294 0.499 5x3.2 '
6 Saucer (47.3125) 1.34 1.14 0.283 3x2 .
7 Saucer (55.25) 1.79 1.4 0.358 4.4x28
8 Cup (63.375) 0.515 0.515 0.220 1.50x 1.3
9 Cup (71.375) 0.5 0.5 0.198 15x1.3 0.75
10 Cup (79.4375) 0.546 0.54 0.249 1.8x1.5
File Name Begin position End position
(from far end 'dent 10") (dent 1 end)
Data 11 0 0.125"
Data 12 0 -0.125"
Data 13 0 0.0625"
( Data 14 0 0.0625"
3FHMSA Data 15 0 0 OAK RIDGE NATIONAL LABORATORY
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Dent detection and localization
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Dent Classification
O Support Vector Machine (SVM) Classifier
The geometrical interpretation of SVM is searching for the

optimal separating surface, i.e. the hyper-plane that is, in a
sense, equidistant from the two classes.
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[0 Feature Extraction
® Relative Entropy Measurement
Kullback Leibler distance (KL-distance)

datallc: weighted KL-distance measurement
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Dent Classification (cont’d)

B Based on the dent information, we define five classes such that
. “1": n0rma| COﬂdI'[IOn datallc: five class distribution
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Table 2 SVM Leave-one-out Classification Results

Leave-one-out training/testing (each item below is leaved out separately)

2-Cup 3-Cup | 4-Saucer 5-Saucer 6-Saucer 7-Saucer 8-Cup 9-Cup

Dent trained data 95.12 95.32 95.36 95.36 95.29 95.30 96.59 98.89
region leaved data 100 82.76 100 100 100 91.99 79.45 65.99
(
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Dent Classification (cont’d)

Comparison with PCA-DA
based classification method.

Training and Testing Data
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Extract features
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Table 3 Dent classification in pipe #1 with PCA-DA
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Datall Number of | Labeledas | Labeled as | Accuracy
samples Cup Saucer

Cup 16 14 2 88%

Saucer 16 0 16 100%

Datal2 Number of | Labeledas | Labeled as | Accuracy
samples Cup Saucer

Cup 16 13 3 81%

Saucer 16 4 12 75%

Datal3 Number of | Labeledas | Labeled as | Accuracy
samples Cup Saucer

Cup 16 16 0 100%

Saucer 16 4 12 75%

Datal4 Number of | Labeledas | Labeledas | Accuracy
samples Cup Saucer

Cup 16 16 0 100%

Saucer 16 4 12 5%

Datal5 Number of | Labeledas | Labeledas | Accuracy
samples Cup Saucer

Cup 16 14 2 88%

Saucer 16 2 14 88%
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Accomplishments and Conclusions

We were able to model the 3-D dents wave scattering problem through an extensive
boundary element analysis approach. The scattering pattern with respect to dent shape,
size, and frequency response could be further studied. However, it requires some
extensive mesh generations and our BEM code may still have bugs that need to be fixed.

We have successfully developed a mobile EMAT fixture that can accommodate 8"~12"
pipes and carry both circumferential and axial EMAT probes inside the pipe. The fixture
has gas springs for loading the EMAT against the pipe wall and has a potentiometer
encoder to record the positions so that the defects can be localized

Extensive SH EMAT data were collected when the platform goes through two 12”
diameter seamless pipes with both “Cup” and “Saucer” shaped dents. Data
preprocessing was performed to eliminate the bad data due to DAQ synchronization
problem and EMAT glitches. All the dents that are deformed 25% of wall thickness are
successfully detected and localized. The location error of the dents is within 1”

Several data features and pattern classifiers were evaluated to detect and classify the
dents. For example, when signal energy, the power density spectrum, and the Kullback
Leibler distance (KL-distance) were used as features, a support vector machine classifier
can achieve above 90% of correct rate for “cup” and “Saucer” dents. Our previous
developed PCA-DA approach was also tested with comparable performance.
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Future directions

Mechanical dents inspection with coating ‘
Coating delamination inspection y
3-D BEM modeling effort i
Defect size and shape estimation

>
Magnetostrictive EMAT sensor design -
Integration with CMU and Foster Miller platforms

Field demo and beyond

What i1s PHMSA'’s vision/priorities in the future R&D?
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