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ANSWER ALL QUESTIONS

Question 1. Total Marks — 20
a) With reference to induced eddy currents in a conductor, explain the skin effect and the
effective depth of penetration. (6 marks)

b) The following bridge circuit is typically used to determine and display the impedance
variations in a conventional eddy current system. When the eddy current probe (L)
is brought close to a conducting surface it’s inductance value increases from an initial
value of 240puH by 50uH. Determine the measured voltages at both instances and
illustrate how this could be displayed on a complex impedance plane. (6 marks)
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c) An eddy current test coil is used to inspect a copper component 1mm in thickness.
Assuming 0.5mm as the standard depth of penetration required and that the conductivity of
copper is 98.6 %IACS:

i) Calculate the required test frequency. (2 marks)
ii) What would be the maximum phase difference between the induced near and far
surface eddy currents? (2 marks)
iii) If we were to increase the test frequency by an order of 2, what would the effects be
regarding the depth of penetration and near and far surface phase differences?
(4 marks)

Question 2. Total Marks - 20
With reference to the following mild steel normal magnetization curve:

i) Identify and explain the 4 distinct regions used to describe the changes to the
materials magnetic domains. (6 marks)
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Mild Steel Magnetization Curve
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ii) The electromagnetic yoke illustrated in the figure below is used as part of an MFL

inspection system to scan petrochemical storage tank floors, determine the current
required in the coil to achieve a flux density in the cast steel plate of 1.2T.
(14 marks)
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Question 3. Total Marks - 20
a) Describe and compare the direct and indirect induction methods used when performing an
MPI inspection. Give an example of how these would be implemented in practice.
(8 marks)
b) Discuss the importance of, and the techniques that can be used in, demagnetization of a
ferromagnetic component.
(8 marks)
c) A portable coil with radius 0.25m and 200 turns is to be used to magnetize a ferromagnetic
part. Assuming that the coil can be treated as a simple current loop, and has a D.C.
magnetizing current of 5A, determine the central flux density values with:
i) The coil in free space, and (2 marks)
ii) The coil around a ferromagnetic part with p,=200. (2 marks)
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General Formula and Constants

U, = 4m x 1077

Current Loop Centre Flux Density
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Solenoid Centre Flux Density
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Magnetic Circuit Equations
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