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Abstract. For decades now the NDT community and even people not directly con-
cerned with technology have been talking about Phased Array technology meaning 
the ultrasonic (UT) phased array devices and their imaging abilities which were used 
at first in medical and later in technical applications.  
 However, only some people inside the NDT community have realized that also 
in eddy current technology (ET) the array technique found its way into devices years 
ago. This has been demonstrated and published by renowned ET-device-manufactu-
rers and several research institutions but is still confused with the abilities of UT-
based phased array techniques. 
 This contribution is meant to give a quick summary of the basic techniques and 
abilities of eddy current arrays including its imaging abilities as well as the conside-
ration of the use for the primary material groups which are relevant to ET-
inspection. Within this introductory overview, special consideration shall be placed 
on additional requirements such as auxiliary hardware, and special calibration 
objects (compared to conventional ET-applications). In the latter regard, the signal 
response to special defect types  shall be examined which tend to render erroneous 
ratings if inspected by conventional ET-techniques whereas ET-arrays will offer 
more precise evaluations. 
 Additionally, a glance into in the applicability of common technical standards 
regarding ET-inspections and the calibration defects suggested as well as the neces-
sity to develop individual calibration objects for the application of ET-arrays shall 
be included. 
 Moreover, the contribution is to give an impression of the practical usability in 
some of the NDT fields in which eddy currents are typically applied, such as chemi-
cal industries, especially ONG, energy industry, food industry, etc. Based on custo-
mer inquiries, the need, practicability as well as economic aspects of ET-arrays in 
inspections shall be considered. Particularly the employment of ET-array sensors in 
rough industrial inspection environments is to be taken into account. 

1. Introduction  

The term “Phased Array Technology” inspires high expectations in most observers and has 
become a well known label within the world of NDT. Although array technology also 
exists in eddy current technology (EC resp. ET) its degree of familiarity and renown is con-
siderably less compared to its counterpart in ultrasonic testing (UT) although research on 
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EC array technology (ECA) started in the 1990s [1],[2] resulting in the first commercially 
available EC-arrays in the early years of the current millennium.  
 This paper is meant to sum up aspects of eddy current array technology and thus to 
differentiate EC array technology from UT phased arrays (UT-PA). Similar to UT-PA 
additional hard- and software is necessary to achieve a robust application and the 
consequences of this necessity influence the applicability of EC-arrays. The resulting of 
EC-signals and their visualisation resp. interpretability should ideally comply with the eval-
uation rules as given by EC-standards. Aside from the restrictions set by standards the 
hardware and its application limit the usability in the rough industrial environments. These 
aspects are meant to be contemplated in this treatise. 

2. Short Introduction to Eddy Current Technology 

Conventional eddy current technology is based on the fact that the flow of an electrical 
current through a wire causes a concentric electromagnetic field around the wire. If the wire 
is wound up it forms a solenoid resp. coil which offers an improved electromagnetic field 
which is almost homogeneous on the inside of the coil and decreases rapidly on the outside. 
If the coil is placed near an electrical conductive material the electromagnetic field perme-
ates the material and causes the flow of an electrical current (according to Ampere’s Law) 
within the material. These currents are flowing circularly and parallel to the surface. Due to 
the fact that they are diminishing quickly with increasing depth they are called eddy 
currents. Since the flowing of an electrical current causes an electromagnetic field, another 
electromagnetic field is brought into existence. Being the second electromagnetic field in 
this consideration it is called secondary field in contrast to the exciting field which is also 
called primary field. Due to Lenz Law these electromagnetic fields are counteracting 
forming a resulting electromagnetic field which is detected and measured by a second coil 
rendering a measuring voltage. Defect inspection is based on the fact that these measured 
voltages differ in cases of sound and defective material (fig. 1) [3],[4],[5]. 

 

3. Basic Aspects of Sensors 

3.1 Probes at glance 

This section contains standard knowledge which is sufficiently documented in [3],[4],[5] 
and taught in NDT-courses. Therefore, this is definitely not meant to be comprehensive.  

  

Fig. 1: Principle of Eddy Current technology [4] 
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 Generally sensors consisting of a single measuring coil are called absolute probes in 
contrast to those comprising of two measuring coils which are called differential probes. 
Absolute probes are direction independent whereas differential probes can detect even 
smaller defects but are direction dependent.  
 

  
Fig. 2: absolute probe [4] Fig. 3: differential probe [4] 

(E = exciting coil, M = measuring coil) 
 

 Depending on the arrangement of the coils with reference to the test object sensors 
can be differentiated into surface probes (fig. 4) and coaxial probes which are subdivided 
into encircling probes (fig. 5) and bobbin probes (fig. 6).  
 

   
Fig. 4: surface probe [4]  Fig. 5: encircling probe [4] Fig. 6: bobbin probe [4] 

 

3.2 A Notion with regard to Probe size 

Although the depth penetration is determined by only the device (i.e. coil) parameter 
exciting frequency has to be remembered that the field strength results from the factors 
amperage and number of windings. Thin wires are easily wound up and add only marginal-
ly to the probe diameter, however they restrict the applicable amperage. Thick wires while 
allowing high amperage are difficult to wind and add considerably if not excessively to the 
probe diameter. Therefore, in order to gain sufficiently powerful measuring voltages a com-
promise regarding the wire thickness has to be found. 

3.3 Restrictions of the Probes with regard to Arrays 

Typically the following restrictions apply to the mentioned probe types:  
• Surface probes:  due to the mostly small diameter (in order to detect defects of small 

 volume) many inspection tracks are necessary to cover the entire 
 surface of a test object (fig. 7) 

 
Fig. 7: coverage of flat test object in case of surface probes [4] 

 
• Encircling probes: very good in detecting defects including indication over the length 

 of the test object, however there is no information on the circum-
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 ferential position of a defect available. If that is necessary  other  
 specialized probe systems, e.g. rotating probes, have to be applied 
 (fig. 8) 

 
Fig. 8: coverage of tubes or pipes by rotating surface probes [4] 

 
• Bobbin probes:  see encircling probes with reverse arrangement of the sensor 

4. Eddy Current Arrays 

4.1 Introduction 

In order to overcome the mentioned restrictions EC-arrays have been developed and are 
readily available on the market, by now. The basic concept driving the development is in all 
cases to reduce the additional movement such as meandering (surface probes) or rotating 
(coaxial probes). 
 This is usually accomplished by combining many small probes, e.g. pan cake coils, 
to cover a larger area thus scaling up the coverage of the probes while at the same time 
preserving the sensitivity to small defects. 
 

4.2 General concept of surface probes 

Many EC-array surface probes on sale proffer vertically slidable “mini-probes” as demons-
trated in fig. 9. Various differing mechanical systems have been implemented to ensure 
flexibility towards rough surfaces (e.g. weld seams as shown in fig. 9) as well as mechani-
cal attenuation at the same time.  

  
Fig. 9: Typical example of EC-array surface probe (demonstration (left), on weld seam (right)) 

 
 To make sure that any defect regardless of its orientation is found concepts similar 
to the following are implemented: since it might be possible that a defect slips through in 
the blind area of a single coil line (fig. 10, top) the displaced arrangement of a second line 
of coils makes sure that all defects can be detected with almost the same sensitivity (fig. 10, 
bottom). 
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Fig. 10: Spatial resolution [6] 

 

4.3 Improvements with regard to surface probes  

At the same time the electric coupling of the shown transmitter-receiver combination can be 
electronically varied as shown in fig. 11.  
 

 
Fig. 11: electronic variation of inspection direction (acc. [7]) 

 
The example shows that the transmitter is kept the same while the receiving coils are 
switched through. At first the arrangements in longitudinal direction are activated succes-
sively including a minor diversification in lateral direction. Afterwards the receivers R1 and 
R2 are switched off and receiver R3 is activated. In this case the inspection direction is 
lateral. By means of high-speed switching through the transmitter-receiver-combinations an 
almost instantaneous inspection in all directions can be realized for a small area.  
 

 
Fig. 12: electronic variation of inspection direction (acc. [7]) 

 
Figure 12 shows the resulting displaced arrangement and the switching through of transmit-
ter-receiver-combinations covering the entire width of the EC-array-probe. 
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 4.4 General concept of coaxial probes 

The concept is similar to that of the surface probes. It differs simply in the fact that the base 
probe body is coaxial which is indicated in fig. 12 by the fact that the width of the probe is 
now indicating the probe´s circumference (see also fig. 13). 
 

 
Fig. 13: EC-array, bobbin coil (X-Probe) (acc. [7]) 

4.5 Special aspects and improvements 

Obviously the application of flexible surface probes (e.g. fig. 9) diminishes to some degree 
the necessity for constantly cost-intensive acquisition of new EC-array probes. For some 
years now this problem has been solved by using EC-arrays on foils (fig. 14) which can 
readily be applied on customized carriers, for example [8]. 
 

 
Fig. 14: flexible EC-array on a foil [8] 

4.6 Considerations of probe size and signal performance 

As mentioned in 3.2 the signal performance relies strongly on the coil size and its wire´s 
diameter. Since the coils in EC-arrays have to be small to provide the desired sensitivity to 
small defects, this causes a reduction of electric capability and thus signal performance. 
This is especially true for the bobbin coil types. However, this has early been accounted for 
by special coil design and especially auxiliary hard- and software. 

5. Auxiliary Hard- and Software 

5.1 Introduction 

The concept of intelligently changing the detecting transmitter-receiver-pair necessitates a 
control system of some kind. An established method is the application of a multiplexer as 
an additional component within the eddy current device. 
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5.2 Multiplexer 

Crudely simplified the multiplexer switches through predefined sets of transmitter-receiver-
pairs at high speed, feeding the transmitter-coils and collecting the data (measuring volta-
ges) from the receiver-coils. This achieves several things:  
• at any time only one transmitter-receiver-pair is active (in fact several pairs in remotely 

located parts of the sensor may be operating simultaneously, if the following aspect is 
accounted for) 

• this separation effectively prevents mutual induction of neighbouring coils 
• the reduction from many simultaneously active transmitter-receiver-pairs, i.e. channels, 

minimizes the demands on the eddy current device to provide as many channels 
• see probe cable (5.4)  

 

5.3 Position measuring system 

Typically surface EC-array-probes proffer position measuring systems which make sure 
that the system attains data only if the sensor is moved. Thereby, the amount of energy is 
reduced allowing for the usage of battery-powered systems. Moreover, the amount of 
accumulated data is reduced, too. 
 

5.4 Probe cable 

The probe cable will have to comprise the wires for each transmitter-receiver-pair as well 
as the wires of the optional position measuring system. Thereby, the size of the probe cable 
may escalate to not manageable dimensions (due to impeded manoeuvrability). If that is the 
case, the application of another multiplexer within the sensor may compensate for this 
detriment. 
 

5.5 C-scan capable software 

In many cases eddy current signals can be evaluated via comparing their amplitudes, some-
times in combination with their phase shift values. Since each coil resp. transmitter-
receiver-pairs constantly emits a value(-pair) it is tedious for the observer/inspector to 
examine each singular value. Therefore, all values can be displayed in a waterfall like 
illustration. For many years this has been improved by translating the amplitude swing into 
colours (fig. 15). This kind of depiction is easily understood even by personnel that is not 
familiar with the evaluation of eddy current signals.  
 

Fig. 15: C-scan depiction of (eddy current) values, left: 2D, right: 3D 
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This necessity requires either a highly developed EC-device which is C-scan capable or a 
data transmission to a computer and specialised software that is able to compute the C-scan 
from the raw EC-data.  
 

6. Applicability of Standards to Eddy Current Array Sensor Technology 

There is an abundance of standards concerning the inspection of parts via Eddy Current 
Testing. Especially the inspection of tubes during production is covered well in standardi-
zation (e.g. DIN EN ISO 10893, DKI 781, DKI 801, BS 3889, ASME Section V Article 8, 
ASTM E 426, ASTM E 690). They use primarily the evaluation of the signal's amplitude to 
rate the inhomogeneity found.  
 The standard on inspection of weld seams (DIN EN 1711) uses the evaluation of the 
signal's amplitude as well (fig. 16).  

 

 
Fig. 16: Signal evaluation acc. DIN EN 1711 [4] Fig. 17: Calibration body acc.  

       DIN EN 1711 [4] 

 
 Since the EC-arrays supply amplitude and phase values, their results can be applied 
to the rules of these standards with ease. However, in some cases (such as DIN EN 1711, 
fig. 17) which require special control bodies of dimensions inappropriate to the larger EC-
array-sensors an appropriate adaptation should be performed carefully.  

 
 

7. Considerations of Practical Application and Usability in Industrial Environments 

7.1 Introduction and Consideration of Application in standardized Environments 

Although the application on standards is possible these standards are in majority provided 
with standard sensors in mind, therefore neglecting the possibilities of these modern sensor 
arrangements.  

For example, DIN EN ISO 10893 states in section 8 that exceeding the threshold 
indicates the presence of an inadmissible inhomogeneity. However, due to the fact that this 
is defined with standard encircling probes in mind the array’s ability to determine the de-
fect’s position on the test object’s circumference is neglected. In most cases this additional 
information on the circumferential location will be of no avail to the default user due to 
practical considerations. For example the production of tubes with longitudinal seams will 
mostly require the inspection of the weld seam area. Defects on the circumference will 
naturally be considered, yet a circumferential information is rarely required since the defect 
will hardly ever be repaired. Only in some cases (circumferential) defect information is 
stored for future analysis, e.g. defect development over time (corrosion rate). 
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7.2 Consideration of Application in non-standardized Environments  

Outside of the standardized application of eddy current technology within the production 
many applications e.g. in the tube inspection in the energy- and ONG-sectors have already 
applied EC-arrays to their advantage resp. are considering the use of EC-arrays. This is true 
for a well-known number of reasons:  

• covering a larger area with one inspection track and thereby 
• reducing inspection time 
• gaining information on  

o circumferential location of a defect 
o the extension and form of a defect 
o thereby avoiding the necessity to apply rotating probes which require a lon-

ger inspection time 
o circumferential and longitudinal cracks in one stroke 
o ovalities of tubes 

 

7.2.1 Inspection of tubes with EC-arrays 

One example has been in use for over 15 years: the so called X-Probe [7], see 4.4 and fig. 
13. Due to the ring-wise set pan cake coils and their intelligent linking it is possible to 
inspect for circumferential and longitudinal cracks simultaneously and depict the results 
with ease (fig. 18). Moreover, slow alterations of the wall thickness can be detected as well 
as ovalities and lift-off effects. Advantageous is that the inspection speed is perceptibly 
higher [7], [9] than that of rotating probes with a comparably good POD.  
 

 
Fig. 18: Defect depiction via X-Probe [16] 

 
Compared to rotating probes there are no mechanic moving parts and therefore 

maintenance is nearly zero. Since a number of sensors/coils are needed to cover the circum-
ference effectively this is a restrictive characteristic: for small diameters it is very difficult 
to attach the necessary number of coils restricting the smallest EC-array-probe size to 
roughly 6 mm and for large diameters the number can easily exceed 100 coils [9].  

Despite improved behaviour regarding changes in temperature and surroundings 
(support plates et al.) [16], it has to be kept in mind that the resolution and sensitivity to 
circumferentially or longitudinally oriented defects differs considerably [9]. 

The notorious and well known lift-off effect will be marginally improved, however, 
in bobbin coil arrangements centering devices are indispensable (see 7.2.2). 

Since it is necessary to provide an almost exactly compatible probe diameter for any 
given tube diameter the number of probes to be supplied in stock is a serious burden in 
regard to financial commitment due to investment and replacement. This is especially true 
compared to bobbin probes or even rotating probes [9], [17]. 



10 

7.2.2 Inspection of Flat or Free Formed Surfaces with EC-arrays 

For the inspection of flat or free formed surfaces with EC-arrays the lift-off effect must be 
controlled closely or it must be compensated. As indicated in 4.2 and figure 9 many offered 
EC-array surface-probes are now based on individually hinged coils so that they adapt auto-
matically to changes in the surface and thereby minimizing the lift-off effect by keeping the 
distance of the coil to the surface almost constant. However, the efficiency of these flexible 
systems depends on complex swinging-attenuation systems and it remains to be tested for 
each individual case whether the provided system can be readily applied.  
 This influences strongly the fact that the signal-to-noise-ratio (SNR) depends on the 
surface roughness which is sometimes of low quality, e.g. weld seams. In some cases the 
self-adapting coil-systems cannot cope with the surface roughness and in any case of not 
negligible surface roughness it has to be kept in mind that only those defects can be detec-
ted which are larger than the surface roughness [4].   
 Naturally, all coils must render comparable measuring values in order to produce 
comparable results over the entire circumference as well as in longitudinal direction (see 
differing sensitivity, 7.2.1).  
 

7.2.3 Comparison of Standard Probes, Specialized Probes, and EC-arrays 

 Based on these known issues an in-house investigation was performed to assess the 
inspection quality of EC-arrays compared to own probes developed in-house [19].  
 The tests were performed within the particular environment of weld seam inspec-
tions which tend to be cumbersome due to the rough surfaces of coarse weld seams (fig. 
19).  

 
Fig. 19: ferritic test specimen used 

 
 It was found that on ground surfaces both systems (EC-array as well as proprietary 
probe) were able to distinguish well between the different (artificial) defects including their 
respective extension in depth. The figures (fig. 20) obviously show that the proprietary pro-
be is not embedded into a positioning system which was omitted since this would not have 
influenced the quality of measuring data. However, both sensors indicate the shallow de-
fects clearly and distinguishable (fig. 20).  
 

 

 

Fig. 20: ground weld seam with shallow defects (1 mm)  (left: EC-Array, right: proprietary probe) 
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 On the coarse weld seam the proprietary sensor still can detect and distinguish bet-
ween the different defect sizes (fig. 21) which is even more evident in the linear time base 
depiction (fig. 21, right bottom). However, due to the to be expected physical drawbacks of  
EC-arrays the signals of the EC-array probe are much less clear and only an elaborate ad-
justment of filters, and c-scan-options as well as phase shift tuning resulted in the shown 
data set (fig. 21, left). 

 

 

 

 

Fig. 21:  coarse weld seam with artificial defects (2, 3, 4, and 6 mm)  
(top: EC-Array, middle and bottom: proprietary probe) 

 Even with commercially available weld seam probes which are not available within 
EC-arrays the results are not improved compared to the proprietary probe (fig. 22). 
 Yet, while this seems to be clearly advocating the use of specialised probes it has 
still to be kept in mind that while these proprietary probes are a very good choice for analy-
sing detected inhomogeneities they cannot compete with EC-arrays in covering the inspec-
tion area. As in most aspects of NDT it is still fact that there is no all-in-one solution but the 
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user has to carefully check which characteristics of a probe are required and what probe can 
provide it. In this case it might be prudent to use array-technology to quickly detect inho-
mogeneities and then to apply highly sensitive specialised probes to determine the defect’s 
size. 

 
Fig. 22: coarse weld seam with artificial defects (2, 3, 4, and 6 mm) 

inspected with commercially available weld seam probe 

7.2.4 More global Considerations 

However, an NDT method is much more than just a probe technology. The performance 
and relevance of a technique depend on a multitude of aspects as there are for example:  

• the sensitivity/POD to relevant indications 
• the ability to determine the size and especially depth of indications  
• the level of operator-dependence to ensure reproducible inspection results 
• the ability to archive data for documentation purposes, e.g. reproducibility, auditing 

 
 The factors “sensitivity” and “dimension determination” were discussed above and 
even if the tests were performed in a laboratory they are an indicator for inspections under 
less ideal conditions in industrial environments.  
 Especially in cases when quick as well as reliable (with regard to coverage of the in-
spection area) results are essential the application of pencil-like probes – even if integrated 
in scanner devices – is not commendable. On the other hand the utilization of EC-array pro-
bes is unquestionably advantageous because – among others – the acquisition of all neces-
sary information is possible in one pass in most cases. Moreover, the data are automatically 
saved for future use which is not possible for most conventional hand-held EC-devices.  
 

7.3 Personal Consideration of Market Demands and Economical Aspects  

7.3.1 Market Demands and Availability of Equipment     

It has been found that the readily available EC-Array probes are considered to be a new and 
fascinating aspect to Eddy Current technology. In many discussions with clients their inte-
rest was high regarding to the potential of EC-Array probes, however, the readiness to re-
compense the additional information and the gained time has been remaining behind the 
displayed interest. 
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 In some cases it has been pointed out that there is only polite interest since the main 
concern is to have faulty equipment parts to be identified and replaced. Additional informa-
tion appeared to be of no concern.  
 As was stated above in some cases the availability of specialised inspection equip-
ment with highly improved abilities – often especially tailored to the needs of a client – 
surprisingly outshine the charm of the EC-Arrays' advantages [19].   
 Naturally the best compromise in technological and economical aspects of the in-
spection task should be found since the best solution highly depends on the application, the 
end customer, the geographical market, etc. Evidently there are many clients of probes – 
and in this case EC-Array probes – who are using EC-Arrays because for them this techno-
logy saves time and/or money and/or allows them to perform better inspections. Still, that 
does not imply that EC-Array technology is the ideal solution in all cases.  
 

7.3.2 Economic aspects 

In view of finding some technological drawbacks and encountering the sometimes meagre 
willingness of clients to pay for improved information which is in some cases not necessary 
the economic balance for a wide spread application of EC-Array probes has to be conside-
red well in advance to avoid disappointment.  
 This is even more true considering that the EC-device will have to provide more 
sophisticated and thus costly features (see section 5). However, the EC-Array probes are 
certainly to some certain degree adaptable (section 4) compensating thereby to some degree 
for the multitude of single conventional probes. 
 However, the cost of an EC-Array probe surpasses that of a conventional probe by 
far. That increases the potential economic danger in case of damages to the probe. Since no 
service provider will go onto an inspection site without reserve equipment, the increase of 
cost will be increased furthermore.  
 In all these considerations the question of trained personnel is always disregarded. 
Although there are no special requirements to the inspectors on the part of the qualification 
and certifying standard DIN EN ISO 9712 [20] the strain to train experienced personnel 
even more cannot be ignored.  

8. Summary 

Eddy Current arrays do overcome several restrictions of conventional probes, however, 
while considerably reducing the amount of time in inspection and increasing user friendli-
ness in handling as well as safely covering the entire allotted test surface it raises other as-
pects which have to be duly covered.  
 For one, the lift off effect is not entirely compensated and especially on rough 
surfaces the inspection results still leave room for improvement. In tubular objects cente-
ring devices will still have to be applied. At the same time, the effort to reach comparable 
(calibration) results for all coils within the probe has to be kept in mind; however, automa-
tisms in this regard are under work. 
 As in all array systems the necessity to use multiplexing hardware as well as highly 
sophisticated software to analyse and depict the huge amount of EC-data causes high cost. 
This is increased by the fact that especially when using coaxial sensors the necessity to pro-
vide ideally fitting sensor diameters causes the need for a larger number of probes to be 
able to provide service to a variety of objects, i.e. customers. Since the cost of a single EC-
array-probe is much higher than that of single coil probes, the cost is increased almost ex-
ponentially.  
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 Since not all customers will need the additional information which can be gained 
via EC-arrays, they may not be willing to pay the increased cost of inspecting with EC-
array probes thus deteriorating the economy of investment in array probes.  
 Having considered these technical and economic aspects the major realisation pre-
vails that impressive results can be reached with much less effort compared to single coil 
systems and perhaps the usage of scanning devices [11]-[16]. Moreover, the dependency on  
the dexterity of the inspector is reduced and the ad hoc ability to provide instantaneous do-
cumentation add to the appeal of EC-array technology. 
 Therefore, it can be concluded that there are many cases of application which can be 
dealt with using one of the many readily available EC-arrays. Yet, in some cases speciali-
sed probes will be able to provide even better results in one or the other regard. Therefore, 
the user has to be well schooled to be able to select the probe technology best suited to the 
inspection task.  
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