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Abstract

The thesis presented here comprisises the work undertaken for research into novel NDE
techniques in the power generation industry. This has been undertaken as part of the
Engineering Doctorate Scheme run by the Research Centre for Non-Destructive
Evaluation (RCNDE), which aims to bridge the technological gap between university
research and industrial application. In this case, the scheme consisted of two projects
completed in conjunction with RWE npower looking at current NDE problems in steam
turbine and steam-raising plant. The first project was concerned with detecting
microstructural transformation in steam turbine blades, which can act as a precursor to
failure by environmentally assisted cracking. This project, and indeed, this entire thesis
is principally based on electromagnetic testing methods. An eddy current technique for
mapping the microstructural phases was produced and validated as far as was
acheivable; this offered a significant time-saving advantage over the previous method,
by reducing inspection time from 5 man days to just 1.5. The technique has novelty in
producing a 2-dimensional map of the blade surface which highlights areas where
microstructural phases differ. The second project focuses on the detection of
microstructural damage associated with material creep life expiry. This forms a review
of the current state of technology and highlights potentially useful paths for future
research in both established and emerging NDE technologies, including Magnetic
Barkhausen Noise testing and laser-gereated ultrasound. Both projects have provided
tangible benefit to the sponsoring company and have pushed forward research in a

number of technological applications.
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Chapter 1 Introduction, Background, Aims and Objectives



1.1. Introduction general
This thesis investigates the use of principally electromagnetic non-destructive evaluation
methods for specific applications within the power generation industry. It covers two
individual projects which form the research element of the Engineering Doctorate
Scheme. The research in these projects is not limited to electromagnetic methods,

however, they do comprise the majority of the novel research.

This research work is carried out on behalf of RWE npower, a UK power generation
company in conjunction with Nottingham University, a member of the RCNDE.
Additional work has been carried out with Imperial College London, University of

Warwick and Newcastle University.

1.2. The Engineering Doctorate Scheme
The Engineering Doctorate (EngD) Scheme for non-destructive evaluation (NDE) brings
together academic and industrial expertise to solve real-life NDE problems and educate
the research engineers. Research engineers are registered students at the participating
universities, and in this case, an employee of the sponsoring industrial partner. The
intention is that the research engineers are guided by their assigned academic institution,
whilst gaining practical experience of industry. The research engineers provide a link
between industrial and academic institutions and are ambassadors for the furthering of
NDE technology research in an applied setting. The scheme lasts for four years, during
which time the research engineers divide their time between working for their sponsor
company, furthering their research at the academic institutions and expanding their NDE

knowledge through the taught elements of the EngD scheme.
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1.2.1. Aims and Objectives of EngD Scheme
The purpose of the Engineering Doctorate is to fill the divide between industrial
development of NDE and research in NDE at British universities. It aims to take
problems from industrial situations and give them an scientifically rigorous approach to
their solution. The constraints and practicalities of industrial developments should be
considered and accommodated into a final solution which will raise the standard of

industrial NDE developments.

In addition to this improvement to the standard of industrial NDE development, there
will be additional benefits to all parties concerned. The research engineer will gain a
detailed understanding of a wide range of NDE techniques, an understanding of the state
of the art research being realised in the academic community and an understanding of
the business needs and drivers of the industrial partner. The industrial partner will gain a
highly skilled employee who can drive the quality of their NDE business upwards and
will be able to influence future academic research to align with their particular needs.
The academic partner will gain focus and an appreciation of the requirements of industry

to stimulate future research.

1.3. NDE in the Power Generation Industry

Non-destructive testing is an integral part of safely operating power generation assets.
Consequently the power generation industry is one of the largest employers of NDE

personnel and one of the main drivers of NDE technology.

The purpose of NDE in the power generation industry has been assessing plant integrity

and extending plant life in order to maximise the availability of the asset. Traditionally,
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this has focussed on the detection and monitoring of cracks, and particular emphasis is
placed on the ability to accurately locate and size ever-smaller defects. The reason for
this is the high-energy nature of power generation components. The high temperatures
and stresses involved mean that even small defects can rapidly lead to catastrophic
component failure. Materials and processes in power generation are well understood,
resulting in highly accurate predictions of component life and critical defect sizes. By
accurately monitoring sub-critical defects, plant can safely be allowed to continue

running without risk from catastrophic failure.

Planning for inspections is key to the power generation industry, as it is simply not
practical to inspect every component of a power plant. Knowledge gained from
operational experience, metallurgy, chemistry and structural analysis must be utilised to
ensure the appropriate items receive the most rigorous inspection methods. The large
number of welded joints require high investment in NDE as these are generally
considered to be areas of weakness. The continually changing nature of power
generation assets, with ongoing modification of existing plant, and new designs and

methods, ensures the continuous evolution of NDE within the industry.

A large number of NDE techniques are employed in power generation due to the wide
variety of components that require inspection. Below is a list of the different techniques
employed, ranked by an estimate of how much they are used in power generation NDE,

based on the NDE workload for RWE npower stations!"! and UK customer sites!.

e Magnetic Particle Inspection

e Conventional Bulk Wave Ultrasonic Inspection

14



e Visual Inspection

¢ Dye-penetrant Inspection

e Radiographic Testing

e Phased Array Ultrasound

e Other methods: XRF, Hardness, Thermography, Shearography, Magnetic Flux
Leakage

e Eddy Current Inspection

e Ultrasonic Time of Flight Diffraction

As new techniques are established and new problems arise with existing and new-build
plant, the various NDE methods will fall in and out of favour, creating a dynamic
industry where an understanding of developments is key. The high energy nature of
power plant ensures there will always be a significant requirement for NDE in the

industry.

A major area of concern within the industry is resources, particularly skilled and
experienced manpower. Many technicians learnt their trade and “grew-up” with the
large coal (31% of generation) and nuclear power stations (14% of generation) that still
form a significant proportion of the UK’s generation capacity, despite some being nearly
40 years old®. Asa consequence of this the age profile amongst NDE practitioners and
engineers in general, is such that many are nearing the end of their careers. Action has
been taken recently to try to address this problem, by encouraging younger people into
the industry through apprenticeship schemes. Whilst this can replace some of the
manpower, a lot of experience will be lost, increasing the risk of human error. This is
where the Engineering Doctorate scheme is important to the industry as it can give

15



research engineers a more sound technical knowledge of the techniques employed,
reducing the industry’s reliance on operator experience to create and validate techniques.
Through industrial exposure, research engineers will also be able to provide appropriate

solutions to NDE problems that will reduce the chance of operator error.

1.4. RWE npower Company Outline
RWE npower owns and operates a number of power stations within the UK as well as
offering technical support to power stations all over the world. The current portfolio
consists of eight fossil fuel powered stations (3 coal-fired, 2 oil-fired and 3 combined-
cycle gas turbine) as well as a number of combined heat and power installations, hydro-

electric stations and wind-farms'™.

Due to the risk of catastrophic failure, injury to personnel, damage to plant and loss of
generation income, power plants are subject to stringent regulation and integrity checks.
Much of the generation capacity is life expired and must be evaluated regularly to ensure
its continued safe running. New plant throws up its own challenges as unforeseen
problems manifest themselves as the plant passes through its life-cycle. Consequently

NDE forms an integral part of the process to prevent component failure.

NDE within RWE npower is controlled by the Inspection Management Group, which is
formed of 18 full time company employees and around 40 contract staff on rolling one-

year contracts™. The work can be roughly split into two categories:

Outage management — The provision of staff and capabilities for planned station

shutdowns. This is usually conventional NDE; ultrasonic testing, magnetic-particle
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inspection, etc.).

Specialist inspection — Development and implementation of high integrity inspection
methods for specific applications. Which commonly use automated scanning for
interrogation by ultrasonic testing, Time of Flight Diffraction ultrasonics (ToFD),
phased-array ultrasonics and eddy current testing. Typical applications are the
inspection of turbine rotors, high pressure pipe-work and generator retaining rings,
which RWE npower undertakes for its own plant as well as plant in Europe, North

America, Australia and the Middle East.

1.5. Project Outlines

The main focus of this thesis is electromagnetic methods, but in the course of
investigation, other techniques will be considered for specific applications. I have two
extensive research projects which reflect the future requirements for NDE within RWE
npower, they are “Microstructure mapping of steam turbine blades” and “Assessment of

creep damage in main steam pipe-work”.

1.5.1. Microstructure mapping of steam turbine blades.

During overhaul, final-stage blades from low pressure steam turbines can develop
localised hard spots where a heat-treatment has been incorrectly applied or where a
welding operation on a neighbouring blade has caused localised heating. In this
particular case, hard spots are a manifestation of a structural change from tempered
martensite to untempered martensite. Affected areas of turbine blade are susceptible to
stress corrosion cracking and must be identified by non-destructive evaluation prior to

return to service. Currently this is performed by mechanical hardness testing, which is a

17



highly time consuming process. The tip of each blade (an area extending from the free
end of the blade to roughly 250mm from the free end) is marked with a 7 x 6 matrix of
equi-spaced spots and a number of hardness readings are taken at each spot. This is
performed for each of the 192 blades on a turbine rotor and will take around a week to
complete. The intention of this project is to create an inspection system that will be able
to identify potential hard areas in a time-efficient manner so that these “at-risk” areas

can then be mechanically hardness tested.

1.5.2.  Assessment of creep damage in main steam pipe-work.

The UK’s coal and oil-fired power stations utilise long lengths of pipe-work to transfer
steam from the boiler to the turbine. Due to the high-temperature and high-pressure
conditions (568°C and 165 bar at Didcot A are typical) [T under which this pipe-work is
operating it is susceptible to creep damage. Although the original pipe-work had been
heavily over-engineered, it is now being operated beyond its projected lifetime and more
and more areas are considered to be at risk of severe creep damage. Traditionally creep
damage is monitored by metallurgical replication, where a transparent copy of the etched
microstructure on the surface of the component is made on an acetate slide and
examined under a microscope to determine the level of creep cavitation present. This is
a time consuming method and will become even more so with the anticipated increase in
volume of inspections. There are a number of aspects to be considered in this project, all
of which are quite involved. There are several materials to consider, both parent metal
and weld metal, all of which have differing creep-degradation microstructural
morphology. There are also a large number of NDE techniques that can be, and have

(7

been, tried'””. As a result of this, this project will comprise a feasibility study setting out
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the most promising solutions to the problems of detecting at risk areas of parent metal
and characterising creep damage and micro-cracking where it occurs.  Where
appropriate, experiments are performed to assess the suitability of techniques, including
bulk and phased array ultrasound, Barkhausen noise, eddy current testing and laser-
generated ultrasound, and a plan for future study is proposed. As a result, the results
presented in the relevant chapters (Chapters 9 and 10) do not aim to search for a
definitive solution to the problem, but do highlight some interesting key trends and

scope for future research.

There are two materials used for steam pipe-work which are investigated for this project.
The first is a low-alloy ferritic steel, commonly referred to as 0.5CrMoV which has been

Bl The second is a martensitic steel, known as

used in power plant since the 1960’s
Grade 91, which has been utilised since the 1980’s””]. These two materials have similar

mechanical properties but behave differently in terms of creep degradation.

A method of characterising the extent of creep-related damage is desirable as a means to
replace metallurgical replication. This would need to give as much information as
replication does about the creep state of the material at all stages through the life of the
component. This would ideally be applicable to both parent material (generalised creep

damage in the material bulk) and welds (localised creep damage).

Additionally, a method of detecting micro-cracking in welds is sought. Current
ultrasonic testing methods can reliably detect and size macro defects, but lack the
resolution to detect the early stages of cracking. Highly focussed ultrasonic inspection

techniques are evaluated and proposed to overcome this challenge.
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Chapter 2 Background Theory on Electromagnetics
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2.1. Background on Electromagnetism

Eddy current theory has its basis in electromagnetism, an area of physics consisting
“Electric” and “Magnetic” effects. In order to be able to understand these two effects, it
is necessary to look at the property of matter that is common to both of them, namely

electric charge.

2.1.1. Electrical Characteristics

Conductors can be considered to be an array of positive ions interspersed with “free”
electrons (approximately one per atom) capable of moving through the material carrying

charge and thus giving the material its conductive characteristic.

All charges have an electric field associated with them, the magnitude of the electric

field at any point due to a charge can be calculated using the formula

E=1 2 @2.1.1)00
dre, r

Where
Q = is the magnitude of the charge
go= 1s the permittivity of free space

r = is the distance from the charge to the point in the field.

Each charge exerts a force on every other charge, so that for any given pair of charges

(g1 and ¢q) the force exerted is given by Coulomb’s law.

F= L% 2.1.2)
4rs,

In conductors, the effect of the free charges are characterised by the FElectric
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Displacment Field, which is a vector field integral to Gauss law concerning the electric
field. In differential form Gauss law is simply described

V.-D=p (2.1.3)1

where D is the electric displacement field and p is the free electric charge density. This
does not include dipole charges bound within the material. In other words, the electric
charge density is equal to the divergence of the electric displacement field. This is one

of Maxwell’s equations (The derivation of these equations can be found in Appendix B).

When an external electric field is applied, the charged particles are subjected to a force
causing them to move in the direction of the force with a velocity known as the “drift
velocity”. However, the electrons will experience multiple collisions with positive ions
which will retard the motion in the direction of the force, but won’t stop it altogether.
So there is a net flow of electrons in the direction of the force, as shown in Figure 2.1.
In other words, there is a flow of current. The more free electrons are contained within a
material, the greater the flow of electrons so the conductivity of a material is said to be

greater.

The collision of the electrons with the positive ions causes the ions to vibrate creating
heat within the conductor; the more collisions there are the greater the heating effect
becomes. The resistivity of a material is its resistance to current flow, so increasing the
frequency of collisions between electrons and positive ions will increase the resistivity.
In metals, increased temperature will vibrate the ions more so there will be more

collisions and hence greater resistivity.
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Motion in absence of
electric field

*———»

Motion in presence of
electric field

—

Direction of force Direction of applied electric
field

Figure 2.1 — Motion of an electron in a conductor. Where an electric field is applied the end position is
further to the right.

2.1.2. Magnetic Characteristics

Every individual charge not only has an electric field associated with it but it also has a
magnetic field, these two fields are not entirely separate entities and contribute to the
electromagnetic field. What we consider to be the electric field affects charges in its
vicinity and what we consider to be the magnetic field affects moving charges and

magnetic dipoles.

As with electrical flux, Gauss’ theorem can be adapted for the electromagnetic case and
forms another of Maxwell’s equations. Applicable to static magnetic fields the net
magnetic flux is zero because as many field lines enter any Gaussian surface as leave it.
Thus there are no sources or sinks of the magnetic field to enclose. In its integral form
Gauss’ law for magnetism can be written

V-B=0 (2.1.4)110

where B is the magnetic flux density.
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In terms of magnetism it is possible to characterise any atom by a superposition of
magnetic dipole moments corresponding to the spin of the atom nucleus and the spin and
orbit of the electrons surrounding it. The net magnetic moment of an atom is the sum of
all the magnetic dipoles due to the spin and orbit of the various electrons. For many
materials the net magnetic moment of each atom is zero; however, by applying an
external magnetic field the angular velocities of the electrons will change causing a net
change in dipole moment. This net change in dipole moment is called diamagnetism and
materials that can only be magnetised in this way during exposure to an external

magnetic field are commonly called diamagnetic materials.

In paramagnetic materials, the net magnetic moment of the individual atoms is not zero,
even in the absence of a magnetic field. On a macroscopic level however the net
magnetisation is zero because of the completely random distribution of the individual
atoms’ magnetic moments. In the presence of a magnetic field a twisting force will be
applied to each dipole, causing a degree of alignment in the direction of the applied

field.

A third kind of magnetism is ferromagnetism whereby the distribution of atoms with
non-zero magnetic moments is such that they have an overall directional bias and thus a
net magnetic moment on a macroscopic scale. This is the case even in the absence of an
external magnetic field. In the presence of an applied field they will align in the
direction of the magnetic field much more readily than in paramagnetic materials. The
ease by which a material becomes magnetised is known as its magnetic susceptibility.
Ferromagnetic materials have much stronger dipole moment than diamagnetic or

paramagnetic materials. The reason for this is the dominance of the dipole moment from
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the electron spin compared to the electron orbit.

Regions of material where the atomic magnetic moments are aligned are known as
domains, caused by the interaction of strong neighbouring dipoles. Ferromagnetic
materials comprise a large number domains and when a magnetic field is applied to a
ferromagnetic material the domains tend to line up, so that the sum of the fields from the
ferromagnet and the applied magnetic field is higher in magnitude than the applied

magnetic field alone.

Permeability of a material is a measure of the extent to which the magnetisation of a
material responds linearly to an applied magnetic field. In calculations it is common to
use the relative permeability; the ratio of a material’s permeability to the permeability of
free space. The relative permeability is closely related to the magnetic susceptibility of
the material and is defined as

u =l+y, (2.1.5)0M

Ferromagnetic materials are very easily magnetised and have a relative permeability
much greater than 1, paramagnetic materials have a low response to magnetisation and
have a relative permeability of very slightly greater than 1 and diamagnetic materials

essentially do not magnetise and have a relative permeability very slightly less than 1.

The concept of domains is very important when discussing ferromagnetic materials and
is best illustrated as shown in Figure 2.2. The first arrangement shows the original
domain structure in a single crystal, prior to the application of any external magnetic
field. Despite being magnetised to saturation the domains are orientated randomly so

that the net magnetism is zero. When a weak magnetic field is applied to a
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ferromagnetic material the volume of domains preferentially orientated in the direction
of the applied field is increased at the detriment of those which are not. This is known
as domain wall motion and is shown in the second arrangement of Figure 2.2. Once the
applied field is removed the domain wall motion reverses and the material returns close
to its original state of magnetism. When a strong external field is applied to the material
the domain wall motion reaches the point where it becomes irreversible. Very strong
magnetic fields can cause domain rotation, where all the domains begin to take on
preferential alignment with the applied magnetic field. This phenomenon is shown in

the third arrangement of Figure 2.2.

A a YYYYYT
~ = [N
2N 1% S ISR
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No applied field Weakl appliecli field Str(l)nlg ;1plpllield Iﬁeld

Figure 2.2 — Single crystal domain formation under influence of magnetic fields

The response of a ferromagnetic material to a magnetic field can best be described by a
hysteresis curve like the one shown in Figure 2.3. A hysteresis curve shows the
variations in characteristics of the material caused by the irreversible domain wall

motion and domain rotation.
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Figure 2.3 — Typical hysteresis curve for a ferromagnetic material.

In its completely unmagnetised state the values of B (magnetic flux density) and H
(magnetic field intensity) are both zero. As an increasingly strong magnetic field is
applied (increasing H), the magnetisation builds up causing an increase in B up to the
saturation point at point 1 on the diagram. The curve from O to point 1 consists of three
regions: An initial curve, an almost linear centre section and a final curve. The initial
curve corresponds to the region where the reversal of domain wall motion is possible.
The middle section is where the domain wall motion becomes irreversible and the final

section is where domain reversal occurs.

When the applied field is removed (H drops to zero) a different path is followed from
point 1 to point 2. Initially there is some domain wall rotation and then some more
irreversible domain wall rotation. At point 2 despite there being no applied field there is
still a degree of magnetism retained by the material, this point is the magnetic
remanence of the material. In order to further reduce the value of B to zero (point 3 on
the diagram) an opposing magnetic field must now be applied to cause more irreversible

domain wall motion. The strength of this applied field corresponds to the value of H at
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point 3 on the diagram; this is the coercivity of the material.

Further increases of the opposing magnetic field will eventually cause further
irreversible domain wall motion, domain rotation and eventually saturation at point 4.
Reducing the applied field to zero (point 5) then increasing it through point 6 back to
point 1 will complete the loop via the same processes as followed the initial

magnetisation/de-magnetisation procedure.

2.2, Electricity and Magnetic Fields

Before going into the interactions of electric and magnetic fields, it is worth briefly
introducing the eddy current test method to put this work into context. In its simplest
form an eddy current test consists of a coil of conducting wire with an alternating current
passed through it. This is positioned on, or near, the surface of a conducting material to
be tested (see Figure 2.4). The variation in the interaction of the electromagnetic field
produced between the coil and test material forms the basis of information available

from the test. A more thorough explanation will be provided in Chapter 3.

(A
&

Coil

I

Mag. Field ~5——
\ T
Test Material
s s

Figure 2.4 — Basic eddy current test arrangement
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The electric current passing through a wire creates a magnetic field that consists of lines
of magnetic force which exist everywhere parallel to the wire. In other words, they are

circles perpendicular to the wire with the wire at their centre.

The magnetic field is characterized by the magnetic flux density B (Webers per square
meter or Tesla). The magnetic flux density due to a current element is given by

I dlxa
gzﬂ-—z—’“ (2.2.1)1
4r R
Where [ is the current magnitude, d/ is the length of the current element, az is a unit

vector in the radial direction from the current element and R is the distance from the

current element.

The original Ampére’s circuit law is a magnetic analogy of Gauss’ law, however it is
only applicable to the special case where the magnetic field is constant. Maxwell
conceived the idea of a displacement current which relates to the changing of electric
fields. It is defined as the rate of change of the electrical displacement field. The
electrical displacement field is the electric field £ multiplied by the permittivity of the
dielectric it is passing through. Permittivity is a quantity which describes how an
electric field is affected by a dielectric medium. Thus the displacement current is given

by
Jp,=&— 2.2.2)
D 0 81,‘ ( )

Maxwell then used this to correct Ampére’s circuit law for the more general case where
the electromagnetic field is changing. Thus Eq. 2.2.2 combines with Ampére’s circuit

law to become
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OE
VxB=pu,J+ u,é, o (2.2.3)

This equation is fundamental to producing any solutions to a dynamic electromagnetic

field.

The Lorentz force equation can be used to describe the force acting on a moving charge
in an electric field £ and corresponding magnetic field of flux density B. A charge ¢ in
an electric field E experiences a force due to the field given by

F,=qE (2.2.4)
and a charge moving in a magnetic field of flux density B at velocity v is given by

F, =qvxB (2.2.5)
Combining the two to get the Lorentz force equation

F=F,+F, =q(E+vxB)  (2.2.6)
The Lorentz force is particularly relevant to EMATs (ElectroMagnetic Acoustic
Transducers: these will be explained in Section 8.2) along with the concept of

magnetostriction.

2.2.1. Induction

Eddy current testing is based on the concept of electromagnetic induction, first
discovered by Michael Faraday in 1831. Faraday discovered that when a current was
passed through a conductor any change in the magnetic field surrounding the coil would
cause a current to be induced in an adjacent conductor. Thus when an alternating current
is applied to a coil, so that the coil’s magnetic field is constantly changing, it will induce
a similar, but opposing alternating current in an adjacent coil (further detail is given in

Section 2.1.4). It is this concept of an opposing induced current that is central to eddy
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current testing. The strength of opposing current induced is dependent on the

conductivity of the material the current is being induced in, amongst other factors.

It was also noted by Faraday that the rate at which the magnetic field changed had an
effect on the induced current or voltage. From this he derived what is known as
Faraday's Law for an uncoiled conductor: that the induced voltage is proportional to the
rate of change of magnetic flux cutting the conductor. That is

de

y, =22

L dt (2.2.7)
Where:

V1, = voltage induced

d¢ _

o the rate of change in magnetic flux.
t

More generally this can be written as the differential form of Faradays’ law of induction
which forms another of Maxwell’s equations, where the rate of rotation of the electric

field is directly proportional to the rate of change of magnetic flux.

0B
VxE=——= [10]
5, (228

From Eq. 2.2.7, it stands to reason that any factor that increases the rate of change of
magnetic flux (i.e. an alternating current of high frequency compared to a low frequency
alternating current) will induce a greater voltage. This has important implications in
eddy current testing which will be discussed in Chapters 3 and 5. Induction is measured
in Henries (H), one Henry is the inductance required to generate one volt of induced

voltage when the current is changing at one ampere per second.
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2.2.2. Lenz's Law
Following the documentation of Faraday’s law of induction, Heinrich Lenz developed
his law for determining the direction of the induced current in a loop. Lenz's law states
that “an induced current has a direction such that its magnetic field opposes the change
in magnetic field that induced the current.” So an induced current in a conductor will
oppose the change in current that is causing the flux to change (see Figure 2.5). This
opposition to current flow is the element of impedance known as the inductive reactance

of the component.

Induced Current
—_—

[~
Magpetic Field T > \|\ Induced Current
(from primary current) j>_ Opposing Primary

Current
Primary Current / T
v

Figure 2.5 — Circuit diagram showing relative directions of the primary and induced current and

magnetic field lines for a coil excited by A.C. '

2.2.3. Impedance

The impedance (Z) of a circuit is the total opposition to current flow and comprises of
three elements. The first of these is resistance (R). All circuits have a resistive element
which opposes the flow of current. Factors that affect the resistance of a component or

circuit include
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1. The conductivity of the material used*.

2.The volume of test material affected by the coil’s magnetic field.

3. The temperature of the component and the test coil.

4. The current passed through the component.
* The conductivity is often quoted in %IACS (International Annealed Copper Standard),
where 1%IACS = 0.58MS/m and 100%IACS = 58MS/m, the conductivity of pure

annealed copper.

Factors 1, 3 & 4 will generally remain constant during an eddy current test; in f