Acoustic Analysis Report 3-8-2013

Conditions:
· Probe: 10 MHz, .5” aperture, 2” focal length
· Set up in Pulse-Echo modality (one probe both transmitting and receiving)
· Dynaray Lite used to transmit pulse and collect data
· Motors run independently, data collected based on position via slave-encoders attached to the drive-shafts
· Axis used were Z (vertical) for the scan in 1mm increments and R (rotation) for the index in 2 degree increments
· Scanned ~45mm along the axial direction in a full 360 degree rotation
· Immersion in DI-water was used for ultrasonic coupling to the specimen
· Hole opening was oriented at the top-surface of the specimen for each of the scans 
· Zero-reference at bottom of scannable-area and denoted in the rotation in photo
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Figure 1. Principle of acoustic measurements using acoustic microscopy.
Description of method employed
A series of measurements are being performed to determine whether high-resolution ultrasonic images have the potential to distinguish between samples with and without cracking or other forms of damage. The process used a focused ultrasonic probe (Figure 1), that focuses the ultrasonic energy emitted by a transducer into a small region on the specimen. A change in acoustic impedance (due to factors such as material changes, differences in density, cracking, etc.) results in reflection of the applied ultrasonic energy. Reflected energy that is within the aperture of the probe is recorded. The focal region may be on the surface of the specimen, or at a location inside the specimen; in either case, energy propagates beyond the focal location and any subsequent interactions are also recorded. The resulting time-series data can be processed in a number of ways, such as calculating the peak amplitude of the reflected signal or the peak amplitude of the reflected signal within a specified time window.
The initial set of measurements used a focused ultrasonic probe at 1 MHz center frequency (roughly 2” focal length). The specimens were mounted on a stage, immersed in DI water, and measurements of the reflected energy (due to an applied ultrasonic pulse focused on the surface of the specimens) were measured. Prior to any scans, the probe was adjusted so it was perpendicular to the outside surface of the specimen, and the applied ultrasonic energy was in the radial direction. The specimen was rotated 360o, and at each rotational angle, the probe was scanned along the length of the specimen. A measurement was made every 1 mm along the length of the specimen, resulting in about 50 measurements. The specimen was then rotated by about 2 degrees, and scanned along its length. This process was repeated till the specimen was rotated by 360o. The measurements were then processed to display the front-wall echo amplitude (reflection from the front wall), and the peak signal amplitude inside the specimen using an appropriate time gate (figures below). Other time gates were also used to examine the internal structure, but are not shown in the attached. 
Each figure shows the peak amplitude as a function of location – the horizontal axis corresponds to the circumference of the specimen while the vertical axis corresponds to the axial distance along the specimen. In each figure, the amplitude was color-coded, with red representing the highest amplitude and blue the lowest. The data appears to show a significant amount of scattering inside the specimen. Surface imperfections are clearly visible in the measurement, and though internal geometric structures (such as the drilled FBH in the center of the specimen) are not apparent in these measurements, the scattered response shows differences between the three specimen sets based on this initial data set.


Figure 2. Scan setup.
Hole opening was oriented at the top-surface of the specimen for each of the scans 
Zero-reference at bottom of scannable-area and denoted in the rotation in photo
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Figure 3. Zero reference for the three specimens.

Data
UltraVision was used to control the Dynaray Lite for data acquisition
Data for each sample is as follows

Front surface response




J-75-4
Figure 4. Specimen J-75-4, reflected echo amplitude from front surface. The highlighted region (circle) shows a chipped area on the surface, resulting in low reflected signal in the direction of the probe.




P-23-4
Figure 5. P-23-4 front surface reflected echo amplitude. Large missing section shows up clearly as a low-amplitude return signal, sound is being redirected away from the probe.  The small chips missing next to the large broken area are also visible in this scan (noted in the circle).
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S-38-4
Figure 6. Specimen S-38-4, front surface reflected echo amplitude. Due to no noticeable suface fractures or abnormalities, the surface response for this specimen is relatively uniform throughout the scan.

Response inside specimen
The next three figures show the echo amplitude peak inside the specimen. Due to the probe being focused on the outside surface of the specimens, the reflected energy inside the specimen is relatively incoherent and provides an estimate of the coarse-grained nature of the specimen internals. 
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Conclusions
No sound cleanly traverses the rock sample, at least not in a means that is determined from the echo.  This is most likely due to the large grain sizes in the rocks, so scattering becomes a problem.  This, coupled with the cylindrical shape of the specimens, most likely redirects almost all the sound away from the probe and/or attenuates the signal.
 Potentially lower-frequency probes may be used, but at the risk of losing resolution of cracks (depending on their size).
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