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Abstract 

Eddy current (EC) technology for inspection of conducting materials is a potential solution when conditions preclude the 

application of other methods. Such conditions include presence of sound absorbing coatings, unavailability of a couplant, 

multiple conducting layers with air gaps, limited access or near surface cladding.  However, the choice of a particular EC 

technology may not be clear due to sources of electromagnetic interference, choice of probe design, target configuration 

or even available equipment. In addition, the choice of EC based technologies is extensive, including conventional EC, 

low frequency EC, remote field EC and pulsed EC. Each of these technologies has its own challenges and limitations, 

which need to be considered prior to a commitment to system development. Probe choice becomes a function of the 

particular technique that has been selected and may include ferrite core sensing coils, GMRs or eddy current coil array.  

Finally, EC signal analysis methods need to be selected based on effects of potentially multiple varying parameters. This 

paper examines the potential of electromagnetic inspection technology, discussing its limitations, effects of common 

essential parameters and analysis methodologies.  Examples of recent technology applications are given and the benefits 

and limitations of various technologies are compared and discussed. Copyright © VBRI Press. 

 

Keywords: Eddy current testing, pulsed eddy current testing, low frequency eddy current testing, remote field eddy current 
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Introduction 

The selection of an inspection technology for a particular 

application requires consideration of available or 

existing technologies as well as careful examination of 

inspection conditions in light of potentially confounding 

factors including accessibility, economic considerations 

and human factors. Examples of particular interest 

include inspection of conducting structures that are 

insulated, such as piping, for chemical processing or 

petrochemical industries, naval structures, coated 

storage vessels and nuclear reactor components. 

Electromagnetic inspection technologies are often only 

considered after more conventional techniques, such as 

ultrasonic and X-ray, have been ruled out, due to 

challenges with application or increased economic costs. 

However, the limitations of electromagnetic 

technologies and potential pitfalls for their application 

may not be well understood and may lead to unexpected 

effects that limit or may even negate their effectiveness. 

Therefore a comprehensive understanding of the 

potential and limitations for application of 

electromagnetic inspection is required.  

 Eddy current (EC) testing is based on Faraday’s law 

of electromagnetic induction and was first applied as a 

testing technique in 1879 when D.E. Hughes used 

changes in electromagnetic response to distinguish 

different metals based on resistivity and magnetic 

permeability [1]. EC testing has become a standard 

inspection method with applications that range from 

measuring changes in resistivity and permeability, 

detecting defects, and measuring thickness of conducting 

and nonconducting coatings [1-3]. Inspection 

applications arise in a broad range of industries, and 

include nuclear reactor components, aerospace 

structures, oil and gas pipelines, insulated pipe for 

chemical processing, metallurgical processing and naval 

structures. The technology has seen recent 

advancements, primarily driven by inspection of nuclear 

steam generators, with development of EC arrays for 

more rapid inspection capability [4], combined with 

multi-frequency mixing for flaw detection [4] and 

analysis of signals [5]. For applications in nuclear fuel 

channels, novel surface profiling [6], and proximity 

measurement through conducting plates [7] and tubes [8, 

9] have also recently been implemented. Dent depth 

measurement has also been developed for composite 

honeycomb aerospace structures [10].  Recent 

technological developments in EC instruments have 

allowed lower frequencies than the ~1 kHz, which was 
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previously the minimum frequency provided by most EC 

instruments. This has permitted development of an 

inspection capability for thick conducting aluminum 

aerospace structures at frequencies of 200 Hz and has 

been referred to as low frequency eddy current (LFEC) 

[11].  

 Remote field eddy current (RFEC) has also seen 

recent development from its original application to 

tubular ferromagnetic tubes [12] to that of flat plates by 

applying thick shielding around excitation coils [13, 14].  

For nuclear applications, shielding has been used to 

enhance far side detection in tubes [15]. In addition, 

RFEC has been applied to remote detection of 

conducting structures from within nuclear fuel channels 

[16]. Development of RFEC has recently seen enhanced 

signal analysis by removal of double-peak signal for 

tubular inspections [17]. 

 Pulsed eddy current (PEC) uses a square pulse 

excitation to induce a transient electromagnetic field 

response from conducting components, in contrast to the 

sinusoidal excitation used in conventional or remote 

field EC. Square pulse excitation in PEC can be viewed 

as a spectrum of discrete frequencies, with the lowest 

frequency affording the greatest depth of penetration. 

The resulting sensed responses can come from deep 

within conductors [18-20] and at large liftoffs [21, 22], 

for application to aerospace wing structures, and also 

insulated pipe inspection [23]. In the case of long pulses 

the approach-to-constant field also permits 

ferromagnetic materials to act as conduits for magnetic 

flux, allowing for magnetization to greater depths and 

interactions at large distances for remote conducting 

materials [24, 25]. In conducting ferromagnetic 

materials this also results in transient field decay times 

on the order of many milliseconds, which again 

effectively corresponds to low frequencies and, as a 

consequence, greater depth of penetration.  At long times 

decay rate is primarily exponential, which simplifies 

signal analysis [22, 23, 24].  PEC has been shown to be 

capable of detecting hidden corrosion in conducting 

multilayer aircraft structures [26, 27].  Compensation for 

variation in lift-off and gap in multi-layer components 

has been developed [28, 29]. PEC has also been 

developed to measure acoustic tile thickness up to 40 

mm on submarine hull to within 0.5 mm [30]  and 

through carbon-fibre/epoxy composite wing skin, of 

varying thickness (6 to 21 mm), for crack detection in Al 

wing spars of F/A-18 aircraft [21, 22, 31]. PEC signals 

have been analyzed using a multivariate statistical 

analysis technique, Principal Components Analysis 

(PCA), to isolate various elements in the induced 

transient eddy current signal [21, 22, 24, 31-33]. Recent 

work has demonstrated the ability to separate out effects 

of nonferromagnetic conducting materials from 

ferromagnetic support structure corrosion as inspected 

from within nuclear steam generator (SG) tubing [34].  

Application of cluster analysis to PCA scores has shown 

potential for identification of various loose part materials 

located on the top of tube sheets as detected from within 

nuclear SG tubes [35].  

 This paper provides an overview of the state-of-the-

art in eddy current testing, identifying its potential 

applications, advantages over other inspection 

techniques, and limitations with potential pitfalls.  Goals 

for electromagnetic testing include detection of flaws at 

depth in conducting structures, measurement of 

remaining wall thickness under general corrosion 

conditions, remote detection through nonconducting 

media, measurement of conductor proximity and 

identification of materials.  This paper will examine the 

various eddy current inspection technologies (EC, 

LFEC, RFEC and PEC) that can be used to perform these 

types of measurements, along with consequent trade-offs 

in resolution and sensing capability for the different 

methods. An overview of more recent developments will 

be presented along with prospects for future applications.  

 

Eddy current testing theory 

The modified wave equation for electric fields, 𝑬, in 

matter is expressed as [36, 37], 

𝛁2𝑬 = 𝜇𝜎
𝜕𝑬

𝜕𝑡
+ 𝜇𝜖

𝜕2𝑬

𝜕𝑡2 ,       (1) 

where,   is the conductivity,  is the permeability and 𝜖 

is the permittivity. In a nonconducting volume where 

conductivity is zero the electromagnetic fields are 

described by the wave equation, 

𝛁2𝑬 = 𝜇𝜖
𝜕2𝑬

𝜕𝑡2 .   (2) 

   In a conducting volume, where Ohm’s law applies, the 

time dependent electric fields are proportional to current 

densities according to 𝑱 = 𝜎𝑬.  In metallic conductors, at 

less than microwave frequencies (GHz), where  𝜎 ≫ 𝜖, 

equation 1 may be written as the diffusion equation [38]. 

𝛁2𝑱 = 𝜇𝜎
𝜕𝑱

𝜕𝑡
.   (3) 

Under time harmonic conditions the time dependent 

current density is expressed as  

𝑱(𝑡) = 𝑱𝟎𝑒𝑖𝜔𝑡 ,   (4) 

where, 𝑱𝟎 is the maximum current amplitude and  𝜔 is 

the radial frequency.  For a plane wave incident on a 

conducting half-space, normal to the z-axis the solution 

to equation 3 becomes 

𝑱 = 𝑱𝒔𝑒−
𝑧

𝛿𝑒𝑖(
𝑧

𝛿
−𝜔𝑡),  (5) 

where, 𝑱𝒔 is the surface current density and  is the skin 

depth given by 

 = √
2

𝜇𝜎𝜔
.     (6) 

Note that the first exponential on the right hand side of 

equation 5 refers to the attenuation of the current density 

into the material, while  the second exponential, refers to 

the increased time or phase lag of the sinusoidal signal 

with depth into the conductor.   
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Fig. 1 shows a representation of a planar time-harmonic 

electric field incident on a conducting half space, and 

resulting exponential decay of eddy currents with depth 

into the conductor. 

 

Fig. 1. Representation of planar electric field wave incident on 

conducting half space and its exponential decay into the conductor. 

 Under conditions where the field excitation is not 

time harmonic, but rather a single square pulse, as in 

pulsed eddy current, transient decay of the induced eddy 

currents takes place.  The general solution for the 

diffusion of currents according to equation 3 in 

conducting media is of the form [39] 

 𝑱(𝑡) = 𝑓 (𝑒
−𝑡

𝜏𝐷⁄ ), (7) 

where, τD is a characteristic diffusion time, with the 

solution often being expressed as a series of relaxation 

times, thereby producing a reasonable dependence of 

induced eddy current fields on the material conductivity 

and permeability [39]. The diffusion time τD for these 

transient eddy currents in a given material can be 

described by [37, 39] 

 𝜏𝐷 ~  𝜇 𝜎 ℓ2, (8) 

where, ℓ is a characteristic length of the system. The 

complete transient response can be understood as a series 

of discrete relaxation times described by equation 8, with 

longer times resulting in greater depth of penetration by 

eddy current fields. Equation 8 can be reconfigured into 

an equivalent expression for the greatest skin depth 

under transient conditions given by [40] 

 ~√
𝜏𝐷

𝜇𝜎
,   (9) 

where, the characteristic length, ℓ, has now been 

considered as the effective skin depth at the longest 

relaxation time. 

 Sensing of conducting material property changes, 

including the presence of flaws, resistivity changes, 

conductor proximity or changes in geometry, is 

accomplished by using an eddy current coil sensor. The 

voltage induced in a sensing coil in the presence of a time 

varying field arises according to Faraday’s law as 

V = −N
𝑑Φ

𝑑𝑡
,  (10) 

where, Φ is the magnetic flux through a pickup coil with 

N turns.  

 The solution for the direct response between a coil, 

excited by a constant amplitude alternating current, and 

conducting sample for both an infinite layered conductor 

and layered rod with encircle coil was first provided by 

Dodd and Deeds [38]. Their work [38] also facilitated 

modeling and prediction of coil response for a finite 

rectangular coil with ability to predict lift-off response 

and the reduction in penetration depth due to finite coil 

size. For example, Fig. 2 shows the effect of coil size on 

depth of penetration into Al 7050-T76  

( = 23 MS/m), obtained here using COMSOL finite 

element method modeling software. The development of 

an analytical model also permitted the advance towards 

a rigorous formalism to display and interpret eddy 

current data [1-3]. The single coil or coaxial driver-

pickup coil pair is most sensitive to lift-off and has been 

used for measuring paint thickness [1-3] or more 

recently, for profiling dents in aluminum skin 

honeycomb panels [10].  Advances in modeling have 

also provided the means to evaluate the generation of 

eddy currents as a single coil passes over a flat planar 

edge [41]. 

 Sensing of conductive material property changes 

including presence of flaws, resistivity changes, 

conductor proximity or changes in geometry is most 

often accomplished using pairs of eddy current coil 

sensors. One coil generates a time varying magnetic 

field, the drive coil, and a second, the pick-up coil, 

senses it. This transmit-receive technology has been 

applied extensively in the nuclear industry [42]. 

 

 

Fig. 2. Relative eddy current density as a function of depth into Al 7050 
T76 for coils of 1 cm, 2 cm and infinite (inf) diameter (Coil results are 

from COMSOL FEM simulation). 
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Fig. 3. (a) Effect of crack orientation on transmit-receive sensitivity. 

(b) Green curve in the impedance plane display on right corresponds to 
crack-to-probe alignment at the top left. Blue curve on the right 

corresponds to crack alignment on bottom left. Lift off is horizontal to 

the left, overlapping the blue curve. 

 Transmit-receive eddy current probes have  

benefits over single eddy current coils, including 

improved signal-to-noise ratio in the presence of varying 

lift-off and temperature, directional sensitivity and 

capability to optimize coil size and spacing  

for a particular application [4]. Transmit-receive  

probes are primarily sensitive to cracks lying in  

the gap between the coils and running between the two 

coils as shown in the top left of Fig. 3(a)  

with corresponding response in Fig. 3(b). Cracks 

oriented in this manner cut the maximum amount of eddy 

currents. 

 Analytical models have been formulated for 

transmit-receive configuration [43]. More recently 

Burke and Ibrahim [44] developed exact solutions  

for mutual inductance of a transmit-receive probe  

above a conductive plate. Note that pick-up coil response 

as well as drive coil field are affected by  

each other through direct interactions (mutual 

inductance, M), interactions with themselves  

(self-inductance, L), and by interactions of each  

coil with the conducting test piece (lossy inductance, ℒ) 

and between coils via the conducting test piece  

(lossy inductance, ℳ) [45].  This multiply-connected 

process is shown in Fig. 4. Analytical models  

that incorporate all of these electromagnetic  

interactions have recently been developed for EC 

transmit-receive probe configurations, applied to layered 

infinite planar conductors [7] and from within concentric 

tubes [9]. 

 

 
Fig. 4. Electromagnetic interactions between drive (d) and pickup (p) 

coils (mutual inductance, M), by interactions of coils with themselves 
(self-inductance, L) and self-interactions between coils and conductive 

test piece (lossy self-inductance, ℒ) and between coils via the sample 

(lossy mutual inductance, ℳ).  

Probe design 

Probe design plays a critical role on whether or not target 

inspection requirements can be met. Although 

fundamentally based on the same physical principle of 

electromagnetic induction, the various classes of eddy 

current testing typically use different probe 

configurations.  While only conventional eddy current 

may still use a single absolute impedance coil, even this 

probe is often set up against a second reference coil that 

may be mounted against a dummy sample in order to 

minimize the effects of thermal drift [1-3]. The majority 

of inspection applications now use a transmit-receive 

configuration that consists of a driver and one or more 

pick-up coils. Transmit-receive probe configurations are 

directionally dependent (see Fig. 2), making it possible 

to target particular flaw orientations, such as 

circumferential and axial cracks [4, 42, 46]. The pick-up 

coils may be connected individually (absolute mode) or 

as pairs with signals subtracted (differential mode). 

While absolute probes are sensitive to gradual material 

changes, differential pick-up configurations are more 

sensitive to abrupt changes, such as may arise due to 

cracks or flaw edges [1-3]. The differential configuration 

is also less sensitive to lift-off variations and thermal 

drift.  A drive coil that is significantly larger than the 

receive coil has typically been used for RFEC [12] and 

PEC [30, 47] applications. The large coaxial drive coil in 

RFEC tube inspection applications results in a double 

signal, since separate responses arise as driver and pick-

up pass over a defect [12, 17]. This requires more 

complicated signal analysis and limits resolution due to 

the greater field spread. Extended fields can also increase 

the dependence on essential parameters, such as varying 

tube wall thickness or resistivity.   Limited resolution 

becomes a challenge for PEC probe designs due to field 

spread at large liftoffs [30]. Both EC and PEC probe 

configurations benefit from ferrite cores, since this 

amplifies the magnetic flux within the drive coil, with a 

consequent increase in field strength. Design of PEC 

probes, however is differentiated from EC time-

harmonic designs, since the circuit relaxation time 

defined by the ratio of resistance to inductance (R/L), 

plays a role in determining the frequency spectrum of the 

PEC probe [40]. Probe designs have been optimized by 

both finite element method [47] and analytical [48, 49] 

modeling. 

Signal analysis methods 

Basic signal analysis in EC testing is a well-established 

formalism that utilizes the impedance plane display and 

measures amplitude and phase of signals relative to lift-

off [1-3].  Multiple frequencies (typically up to 4) can be 

used to make use of linear superposition of eddy current 

signal response from conducting materials, permitting 

multi-frequency mixing of signals for removal of 

response from ferromagnetic tube supports and tube 

dents for clear identification of defect signals [4, 5].  

However, the number of frequencies available and their 
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response to each of a number of potential essential 

parameters (for example, superposed signals from 

support plates, dents, magnetite and flaws) places 

limitations on the effectiveness of present signal analysis 

methods [4].  For EC analysis under variable multi-

parameter conditions other methods that have been 

investigated include PCA [50], and nonlinear regression 

feature extraction and neural networks [51].  Another 

ongoing area of research in EC signal analysis is solving 

inverse problems, i.e. mapping measured signals to flaws 

[52, 53] or other material parameters.  RFEC signal 

analysis often uses impedance plane display [12, 54]. 

However, signal analysis is confounded by the presence 

of the secondary peak response, but methods that 

subtract this have been investigated [17]. 

  Pulsed eddy current signals have conventionally 

been displayed in the time domain with examination of 

transient pulse features such as time-to-peak, time-to-

zero crossing and lift-of-intersection point [29].  

However, with regards to steel wall thickness 

measurements, exponential decay, as described by the 

generalized equation 7 has been used [48], which 

becomes a power law if multiple relaxation times are 

present  [55]. Under more complex variable multi-

parameter conditions more sophisticated multi-variate 

statistical methods have been applied, including  

PCA [33], and a modified PCA for detection of cracks at 

liftoff in the wing spars of F/A-18 aircraft [31].  These 

methods have been extended with the  

application of cluster analysis to the detection of  

cracks around ferrous fasteners in the wing structures of 

P3-Orion aircraft [24, 25], and detection and 

identification of loose parts on tube sheets from  

within SG tubes [35].  Modified PCA has been 

investigated for inspection of SG tubes at support plates 

[34].  Modified PCA has also been combined with 

machine-learning tools such as neural networks [56] and 

support vector machine [57], for examination of 

simultaneous multi-parameter conditions in SG tube 

inspection.  Projection to latent structures, PLS, has also 

been investigated as an analysis tool for wall thickness 

measurements [48]. 

Applications 

While numerous examples of electromagnetic inspection 

applications are given in the literature, a few examples 

exhibiting state-of-the-art inspection capability and 

novel applications with comparison of different 

techniques will be presented and discussed here. 

Currently available EC array probes are primarily based 

on transmit-receive configurations. An array probe 

(Olympus), with 3.5 mm diameter coils, arranged in two 

rows, was operated here at 400 kHz. Results are shown 

in Fig. 5. The high frequency resulted in smaller depth 

of penetration and higher sensitivity to lift-off as 

measured on two honeycomb composite samples, 

paneled with two different thicknesses of Al containing 

various dent depths.  In contrast to normal eddy current 

practice (Fig. 3(b)), EC phase angle was rotated  

so that lift-off direction was at -90 degrees in the 

Lissajou plot.  
   A less common application for EC and RFEC is 

measurement of the proximity of remote conducting 

structures. A particular example, where both 

technologies have been developed, is measurement of 

distance to Linear Injection Shutdown System (LISS) 

nozzles from within fuel channels of CANDU® 

(CANada Deuterium Uranium) nuclear reactors [16, 58].  

LISS nozzles are horizontal tubes that pass 

perpendicularly under fuel channels, consisting of a 

pressure tube (PT) that is contained within a larger 

diameter calandria tube (CT). The weight of uranium 

fuel bundles, radiation and ~300 C temperatures cause 

the fuel channels to sag towards the LISS nozzles, with 

the potential for contact and consequent fretting damage. 

RFEC (166 mm spacing of driver and pickup) 

measurement demonstrates sensitivity to LISS nozzles 

out to 70 mm from the pressure tube, but with 

measurement accuracy for proximity of ±4 mm [16].  In 

contrast, a conventional transmit-receive probe with 25 

mm separation is only sensitive out to 25 mm, but with 

better resolution in this range, giving it an estimated 

accuracy of ±2 mm [58].  In this particular case, this is 

of significance, since monitoring of LISS nozzle 

proximity only becomes important at distances less than 

15 mm from the pressure tube [16].  A recent novel 

application of eddy current is the remote detection of 

metal level in pyrometallurgical furnaces [62, 63]. In this 

instance, electrically conducting molten metal level was 

detected to within 5 mm, through the ceramic furnace 

wall at a 300 mm distance from the molten metal.  The 

high resolution is a result of signal analysis using 

projection of latent structures, integrated over the 

probe’s passage over the single extended feature of the 

molten metal edge [63]. 

 

 

 
Fig. 5. (a) C-Scan display generated by EC array operated at 400 kHz 

obtained from range of dent sizes and depths on an Al honeycomb 
panel. (b) Response as a function of dent depth for two sheet 

thicknesses 0.25 and 0.43 mm. 
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Fig. 6. (a) Comparison of calibration data and exponential fit.          (b)  

Line scans of holes with different diameters as shown. Each hole was 

3 mm deep. Scans have been shifted vertically for clarity. 

 PEC has also been used to achieve high resolution 

stand-off measurement, with 0.5 mm accuracy to two 

standard deviations, at lift-offs of 35 mm [30, 59]. The 

particular application was acoustic tile thickness 

measurement on submarines.  Laboratory tests with the 

differentially tuned probe demonstrated that when the 

signal level was adjusted to 0.1 V/mm at a lift-off of 35 

mm, the noise level corresponded to only 0.03 mm [30]. 

The signal increased approximately exponentially with 

inverse lift-off distance, as shown in Fig. 6(a), so the 

signal-to-noise ratio was substantially better at shorter 

lift-offs [30].  This is considerably better range than  

that reported using a multi-frequency EC lift-off 

measurement system by Sun et al. [60], which only 

extends up to 6 mm lift-off and that patented by Davies 

[61] for coating thickness measurement applications, 

which is only reported to 5 mm. The PEC probe’s spatial 

resolution was sufficient to detect a 1.5 cm diameter, 3 

mm deep hole in a steel plate as shown in Fig. 6(b). 

Discussion 

This overall examination of the capabilities of eddy 

current testing techniques, including conventional  

EC, LFEC, RFEC and PEC, in light of general 

electromagnetic principles, can be used as a guide to 

identify the most suitable inspection technology given 

the physical parameters of a particular inspection 

configuration. These capabilities may be identified with 

regards to the skin depth (equation 6), various analytical 

[38, 45] and FEM [32] modeling analyses, and a general 

understanding of the interaction of coil generated fields, 

sensors and target conductors. For example, 

conventional eddy current has strong capabilities for 

surface breaking flaw detection in nonferromagnetic 

conductors, but is challenged in ferromagnetic 

conductors by both skin depth and potential variations in 

surface initial permeability, which can produce spurious 

signals. EC analysis technologies have been challenged 

by simultaneous variation of many parameters [56], 

which basic impedance plane analysis techniques cannot 

easily accommodate [4]. EC also has high-resolution 

thickness measurement capability for thin coatings [2, 3] 

and is capable of high resolution surface profiling [6, 7].  

For deep subsurface flaws in good conductors, lower 

frequencies for detection are required and these have 

been provided by more modern EC instruments, termed 

LFEC.  However, the application of LFEC also incurs 

considerable field spread with a consequent loss of 

resolution, potentially weak signals from deep defects 

and sensitivity to nearby geometry changes, such as 

edges [11]. The through-wall inspection capability for 

ferromagnetic materials has been met by RFEC [12] and 

by PEC [48], even at large lift-offs [23, 34, 55].  The 

trade-offs in these cases have been a loss of resolution 

due to field spread and signal analysis challenges when 

simultaneous variation of multiple essential parameters 

is present [56].  Disadvantages also include large signal 

amplification requirements and removal of noise.  

Applications, target materials and potential limitations 

for each of these techniques are summarized in Table 1. 

Table 1. Summary of electromagnetic techniques indicating 

applications, materials and limitations. 

Technique Applications Limitations 

Eddy 

Current 

-Freq. 2 kHz to 10 MHz 

-Flaw detection surface and 

near surface 
-Thickness measurement 

-Resistivity measurement 

-Surface profiling  
-Metal detection 

-Skin depth limited 

-Ferromagnetic1 

-Depends on eddy 
current direction 

-Field spread ~4 

[1] 
-Edge effects 

Low 

Frequency 

Eddy 
Current 

-Frequency < 2 kHz 

-Flaw detection at depth in 

good conductors 

  ( > 10 MS/m) 

-Larger lift-offs 

-Edge effects 

-Weak response 

-Field spread 
reduces resolution 

Remote 
Field Eddy 

Current 

-Freq. 10 Hz to 1 kHz 
-Flaw detection in 

ferromagnetic and thick 

conducting tubes 
-Remote conducting 

structure detection 

-Double signal 
-Reduced 

resolution 

-Signal 
amplification 

required 

Pulsed Eddy 

Current 

-Corrosion detection in 

thick ferromagnetic  
(< 25 mm) components 

-Thickness measurement at 
large lift-off 

-Remote conducting 

structure detection 

-Signal analysis 

-Reduced 
resolution 

-Signal 
amplification 

required 

1Skin depth and sensitive to surface permeability variations. 

 In summary, selection of the most effective 

electromagnetic inspection technology depends on the 
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particular application and material. For example, 

referring to Table 1, considerations are: Is the 

application a surface inspection (EC), does it require 

subsurface detection of discontinuities in a good 

conductor (LFEC), involve remote detection or 

proximity measurement of a conducting structure, and 

what is the resolution required? In addition, selection of 

the most appropriate technology may be guided by 

consideration of:  

1.  Whether ferromagnetic material is present,  

2.  target material’s conductivity ( > or < 10 MS/m),  

3.  proximity of the probe to the test piece, and  

4.  whether geometrical changes in the component are 

close to the sensing probe.  Suggested selection of 

the most appropriate electromagnetic inspection 

technology, in light of general material properties, is 

shown schematically in Fig. 7. 

 

Fig. 7. Schematic representation of material classification and 

suggested selection of electromagnetic inspection technology. 

Conclusion and future perspectives 

This paper has presented an overview of the state-of-the 

art of various electromagnetic inspection technologies. 

Physical principles behind their application have been 

presented in order to point out inspection limitations 

arising due to skin depth and field spread, along with 

effects of various parameters, such as probe lift-off, 

material conductivity and permeability, and material 

proximity to the sensor. Probe design [47-49] and 

analysis methodologies [32, 41, 43-45], have also been 

presented.  

 Electromagnetic inspection technology has seen 

recent developments in high resolution surface profiling 

[8, 10], inspection of thick multi-layer aircraft structures 

with ferromagnetic components present [21, 22, 24-28] 

and inspection of ferromagnetic pipe through insulation 

[23].  Remote detection [35] and proximity 

measurements are also rapidly developing capabilities 

[30, 31, 58, 59, 62, 63]. Application of advanced signal 

analysis techniques, which enhance accuracy and 

capability to extract multi-parameter information are 

also seeing development [35, 50-52, 56, 57, 63].   

 Future perspective for electromagnetic based 

inspection capability will include enhanced field 

generation and sensor design for optimized resolution 

and sensitivity for material condition assessment.  

Development of advanced analysis tools using machine 

learning methods and advanced analytical and numerical 

models, for application of inverse analysis techniques 

will facilitate extraction of information under multi-

parameter variation conditions that presently confound 

eddy current based inspection.  These advancements will 

help make electromagnetic inspection technology a more 

effective and preferred option for inspection 

applications.  
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