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[bookmark: _Toc40196009]Question 1
[bookmark: _Toc40196010]a)
The results from the new ultrasonic thickness gauging procedure reveal that the method is not exactly accurate and that every operator estimates the dimensions wrongly for a vast majority of the measurements. When considering the plots of the scattered measurement results and comparing the trendlines of each plot against the ideal line that represents the actual dimensions, it can be seen that only the operators 6 and 8 have achieved consistent measurements throughout, as the slope of both trendlines is almost identical and parallel to the reference line. Whilst the measurements from operator 8 are roughly twice as accurate as the results from operator 6, both operators are essentially overestimating the dimensions, despite one or two underestimating outliers of data points in the range of 0 to 3 mm. This means that the two operators are generally more likely to overestimate the severity of a flaw when using the new method. This is clearly the preferred outcome over the opposite consequences from underestimation of dimensions, as the trendlines prove it to be the case with the measurements from every other operator, except for operator 9. However, in comparison to operator 9, the consistency of measurements from operators 6 and 8 would allow for a fracture mechanics engineer to incorporate a constant safety factor in their calculations, whilst a potential safety factor for operator 9 would have to account for the fact that the trendline is not at a constant offset, i.e. not parallel to the ideal.  Furthermore, the same operator overestimates the dimensions more than any other in the range from 0 to 3 mm, which means that the resulting slope of the trend line is only marginally better than in the case of the results from operators 2, 3, 4 and 7, which all show considerable scatter between 0 to 3 mm and a significant underestimation of the dimensions outside that range. Above 3 mm, operator 3 manages to slight overestimate one measurement, which makes the trendline fit better than that of operator 4, whose accuracy is closely followed by that of operator 7. The worst measurements due to underestimation are from operator 2 when just considering the slope of the trendline, yet its crossover point with the line that is assumed to be describing the correct distance is of importance as well, as it resembles a threshold below which the operator is unlikely to underestimate the severity of a flaw. In that respect the measurements from operator 7 are the weakest, since the point of intersection of the two lines lies below the 2 mm mark, whereas the one from operator 3 lies just above that, the one from operator 2 closer to the 3 mm mark and the line from operator 4 intersects the actual dimensions at 4 mm. The trendlines from the remaining operators all intersect the ideal above that and their slopes are much closer to it as well, with the results from operator 10 showing the next best agreement and the intersection point is now closer to 5 mm, which is only outdone by the point of intersection from the results of operator 5 that lies at 5,5 mm. In addition, the slope of the trendline from operator 5 is within 10 % of the ideal (0,92x), which is only exceeded by the exceptionally good correlation with the slope from operator 6 (1,004x) and operator 8 (0,995x). However, when compared to the results from operator 5, the results from operator 1 reveal that even though the point of intersection only lies at 4 mm and the slope of the trendline agrees less with the ideal (0,915x), it can be observed and the argument made that the measurements from operator 1 are generally closer to the ideal and the error is more evenly distributed across the whole measuring range, but especially at low measuring depths. The spread of the results from each operator can be determined more definitively by comparing the standard deviation of their measurement error and in that respect operator 8 achieves the best consistency, followed by operators 10 and 6, whilst the measurements from operator 2 are by far the least consistent. The calculated figures for the absolute error average corroborate this performance ranking. As a whole, the new ultrasonic thickness gauging procedure seems to allow for consistent measurements and high accuracy in some cases, when considering the good results from a few operators, yet the operation or calibration of the equipment appears to be very sensitive to human error, as the majority of the results reveal a lack of agreement with the target figures. In addition, the method is clearly prone to causing an overestimation of the dimensions up to 4 mm of measuring depths and causing an underestimation of them beyond any depths of 4 mm. This is particularly problematic, since the fundamental criteria for every non-destructive testing method must be the question of what the largest flaw that could be missed by the NDT method is, as opposed to what the smallest flaw that a test method can find is. Nevertheless, sizing estimates are often analysed by comparing them against results that were obtained with destructive methods and the latter clearly also has some variability and uncertainty associated with it, so that the POD results of NDT assessments are not solely a function of the technique that is used or the performance of any operator. Furthermore, the measurements were taken from a limited number of samples and just at 21 discrete points, which means that the validity of the results regarding the reliability of the method is questionable. To conclude, the new procedure obviously has its deficiencies, yet the method also has potential, as the results from two consistent measurement sets show. Especially for close-range measurements, the risks of underestimating the severity of a flaw seem very limited and when used appropriately, the procedure could even be of use for measurements that exceed a depth of 4 mm.
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	Results
	Method 1
	Method 2
	Method 3

	TP
	5
	4
	7

	TN
	6
	9
	9

	FP
	5
	2
	2

	FN
	3
	4
	1






	Results
	Method 1
	Method 2
	Method 3

	PoD
	62,50 %
	50,00 %
	87,50 %

	PoFA
	45,46 %
	18,18 %
	18,18 %
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i. Source to object distance:



ii. Dimensions of imaged object:





iii. System measurement accuracy:
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[bookmark: _Toc40196017]e)
i. Maximum electron kinetic energy:



ii. Short wavelength limit:
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The wavelength at which the  characteristic radiation lines would occur is shorter than for .


[bookmark: _Toc40196019]Question 3
[bookmark: _Toc40196020]a)
The closed loop Eddy currents circulate perpendicular to the magnetic flux that induces them and they travel parallel to the winding of the coil, with the flow being limited to the area of the magnetic field. Eddy currents that are flowing through an inspected material concentrate near its surface and the current density decreases with the distance from the adjacent excitation coil in an exponential manner. This so-called skin effect results from the eddy currents producing magnetic fields at every depth within the material and every other magnetic field to the primary field reduces the net magnetic flux that is responsible for creating the current flow, which means that they are effectively shielding the magnetic field of the coil, i.e. reducing the induced currents. The effective penetration depth is directly related to the test frequency, as well as the electrical conductivity and permeability of the material in question, i.e. its resistance against the formation of a magnetic field, and the depth of penetration reduces with an increase in any of the aforementioned parameter. One standard depth is set to equal the depth where the Eddy current density is at 37 % of its surface density and it is defined by the following equation:


The strength of Eddy currents at the expected location of a defect is of great importance for the sensitivity of the testing procedure, so that a frequency that is likely to place it within one standard depth of penetration should be chosen, whilst it is often set to a value that produces three standard depths of penetration when the electrical conductivity of a material shall be determined. Hence, Eddy currents penetrate deeper than one standard depth, which is also referred to as skin depth, yet the current density decreases rapidly. Whilst it is at 13,5 % of the original surface density at two standard depths, it only has a density of 5 % left when it is at three standard depths.
[bookmark: _Toc40196021]b)
In order to get sufficient field strength in the inspected region of interest in a material with an appropriately sized Eddy current probe and to keep the field away from irrelevant features, probe shielding and probe loading are commonly used techniques that spread and concentrate the magnetic field of the coil, i.e. the Eddy currents, as well as mitigate any change in impedance that could be caused by the interaction of the magnetic field with non-relevant features or edge effects in close proximity of the probe, which could otherwise lead to complications when interpreting the signal. The shielding of Eddy current probes is either done by magnetic shielding or Eddy current shielding. In the case of magnetic shielding, the coil of the probe is surrounded by a material of high permeability and low conductivity, which creates and area of low magnetic reluctance and thereby concentrates the field to a smaller area around the coil. The Eddy current shielding on the other hand uses non-magnetic material that is highly conductive and a portion of the magnetic field which cuts across the shielding generates Eddy currents within the shielding material, as opposed to the inspected material and its disturbing features or edges. Furthermore, the shielding becomes more effective with increasing test frequency due to the previously described skin effect in the material that is surrounding the coil.
[bookmark: _Toc40196022]c)
i. Required test frequency:				



ii. Maximum phase difference:


iii. New depth of penetration and phase lag:



The depth of penetration would be reduced significantly, the phase lag increases as a consequence.
Reliability Curve
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