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	1
	The objective of Risk Based Inspection (RBI) is to determine what incident could occur (consequence) in the event of an equipment failure, and how likely (probability) it is that the incident could happen. Multiplying the likelihood of an incident with its possible consequences will determine the risk associated to the operation.

In a qualitative risk assessment, the combination of probability and consequence can be visualized in a criticality matrix. An example of such a scheme is presented below to evaluate the environmental risks associated with the installation of large (2 MW) wind turbines.

Some failures may occur frequently, but without significant adverse impacts. Similarly, other failures can have potentially serious consequences, but if the probability of the incident is low, than the resulting risk may not warrant immediate action. If the risk is medium, mitigation measures are normally subject to a cost/benefit analysis. Action will be taken if the cost of implementing the measure is lower than the loss, associated with the possible event. When the risk is not acceptable, mitigation measures have to be put in place.

[image: ]
As shown on the flowchart below, the risk assessment (either qualitative or quantitative) is used as an input to determine the inspection interval for an RBI maintenance program. The aim is to deploy a finite inspection resource according to a ranked list of components and their associated level of risk. In that respect, risk based inspection enables to optimize the frequency of inspection, by moving from period inspection (based on arbitrary calendar dates) to an informed inspection program (based on equipment condition).
[image: ]
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	2
	Method 1

True Positives (TP) = 5, False Positives (FP) = 5, False Negatives (FN) = 3, True Negatives (TN) = 6




Method 2

True Positives (TP) = 4, False Positives (FP) = 2, False Negatives (FN) = 4, True Negatives (TN) = 9




Method 3

True Positives (TP) = 7, False Positives (FP) = 2, False Negatives (FN) = 1, True Negatives (TN) = 9




[image: ]

The results indicate that of the three methods, method 3 would be the preferable method as it has both a high level of probability of detection along with an equal lowest level of Probability of False Alarms of Indications.  This is further illustrated in when the results are plotted on an ROC (Receiver Operating Characteristic) graph.  The closer the analysis results are to the top left of the graph the better the technique.

	10

	3
	a) Eddy currents are closed loops of induced current circulating in planes perpendicular to the magnetic flux. They normally travel parallel to the coil's winding and flow is limited to the area of the inducing magnetic field.
Eddy currents concentrate near the surface adjacent to an excitation coil and their strength decreases with distance from the coil.
Eddy current density decreases exponentially with depth.
This phenomenon is known as the skin effect.

The depth that eddy currents penetrate into a material is directly related to the frequency of the excitation current, the electrical conductivity, and magnetic permeability of the specimen.
The depth of penetration decreases with increasing frequency and increasing conductivity and magnetic permeability. 
[bookmark: _GoBack]It is mathematically convenient to define the ‘standard depth of penetration’ (δ) where the eddy current is 1/e (37%) of its surface value.
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b)i)
To determine the required test frequency, we need to re-arrange the depth of penetration formula:


For copper, µr=1




ii)
Using the phase lag equation:

At the near surface there is 0o phase shift, since this is our reference.
At 1mm (2 x δ):



Therefore the maximum phase difference between the near and far surface eddy currents would be 114.6o.
iii)
Using Test Frequency, f = 2 x 17.7kHz = 35.4kHz,





At the near surface there is still a 0ophase shift, however, at the far surface the phase shift is calculated as:



By increasing the test frequency by 2, we have increased the phase difference from 114.6o to 162o.  However, by reducing the depth of penetration from 0.5mm to 0.354mm we have reduced our sensitivity to far surface indications exponentially.

For example, for the first case where we have a test frequency of 17.7kHz, and δ=0.5mm. Then 1mm is 2 x δ, and therefore the eddy currents at this depth are approx. 13.5% of those at the surface.

In the second case, where the test frequency is 35.4kHz, we have δ=0.354mm.  This very roughly ⅓ x 1mm, and therefore the eddy currents at the far surface are approx. 5% of those at the surface.
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The objective of Risk Based Inspection (RBI) is to determine what incident could occur (consequence) in
the event of an equipment failure, and how likely (probability) it is that the incident could happen. Multiplying
the likelihood of an incident with its possible consequences will determine the risk associated to the
operation.

Probability

HGH

VEDIUM

loss of blade tip

loss of entire blade

Low

VERY Low

collapse of
entire turbine

° MINOR ! MAJOR 2 CRITICAL ? CATASTROPHIC 4 <

Consequence

Figure 1: Criticality matrix for risks associated with the installation of wind turbines
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Figure 2: Flowchart for Risk Based Inspection program
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