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Abstract  

 
Pulsed Eddy Current (PEC) has been successfully deployed over the last decades for a variety of corrosion-

related applications, most notably for Corrosion Under Insulation (CUI) inspections, Corrosion Under 

Fireproofing (CUF) and Flow Accelerated Corrosion (FAC). This technology has proven to be an efficient 

inspection tool, allowing for the detection of corrosion without having to remove coating or insulating material 

over typical pipes, tanks and vessels. Despite the success of the technique, one limitation of the conventional 

PEC systems is that achievable productivity is relatively low, especially on thick walls and when an inspection 

with high spatial resolution is required. Recently, we developed a Pulsed Eddy Current Array (PECA) solution 

which greatly increase the productivity of the technique. The system is based on a novel pulsed eddy current 

probe featuring a linear array topology. The proposed probe design offers 46 cm of coverage in one single pass, 

improving the productivity of a pulsed eddy current inspection by a factor 4 to 10 compared to non-array 

solutions. The probe can be used on flat and curved surfaces with a diameter down to 15 cm. This is made 

possible by the non-rigid mechanical design of the probe, so that its main axis can be wrapped around a pipe or 

otherwise bent to follow the curvature of the inspected surface. Proper analysis of the array raw data requires an 

adapted analysis algorithm, whose sizing performance on insulated components is presented in this paper along 

with examples of defect sizing maps of a typical insulated pipe. After more than a half year on the market, 

significant field experience has been gathered with this technology making it now possible to show results 

acquired on real-life components. Some of these will be presented, analyzed and discussed. The sizing and 

productivity performance of the latest improvements of PEC technique are compared to prior art technology, and 

benefits are discussed. 
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1.  Introduction 
 

Pulsed Eddy Current (PEC) is a versatile non-destructive testing technique uniquely suited to 

detect corrosion under insulation, one of the most important issues facing the petrochemical 

industry today [1–3,5,6]. PEC have been shown to work through weather jacket (or cladding) 

and present major upsides compared to the brute force approach which consists in removing 

the insulation to perform a visual or ultrasonic inspection. Compared to competing 

technologies like real-time or digital radiography, PEC represents an interesting alternative 

particularly for the inspections of structures with restricted access. In addition, the PEC 

technology avoids operator health concerns related to exposure to X-rays or radioactive 

materials.   

 

Asset integrity inspection is a time-sensitive activity: asset owners need to balance inspections 

schedule and dedicated shutdown times with appropriate inspection coverage. Owing to its 

ability to inspect in-service components through insulation and cladding, PEC allows for the 

expansion of inspection scope and frequency without increasing its schedule and without 

extending shutdown times.  

 

Most advanced PEC technology implementations adopt several techniques to maximize the 

inspection productivity. First, one can improve the data collection rate by acting on the PEC 

system design: optimized designs maximize the PEC Signal-to-Noise Ratio (SNR), lessening 

the need for averaging over multiple data points. In addition, PEC data analysis can be made 
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more resistant to signal noise through software techniques like smart filtering and optimized 

PEC sizing algorithms, further reducing the need for averaging. Still, these techniques do not 

address one unavoidable and time-consuming inspection preparation task, i.e. drawing the 

grids required to identify the position of collected data points on the inspected component. 

Recent PEC solutions include encoders and implement a dynamic scan mode that eases and 

accelerates the recording of data positions along a scan axis [4]. When operating in this mode, 

the inspector does not need to draw a full grid but only the scan axis lines. Dynamic scan 

mode increases the overall productivity of a PEC inspection and boosts the adoption of this 

technique in many industrial environments.  

 

In this paper we propose a novel PEC probe featuring a linear 6-elements array configuration 

to further improve PEC productivity. In the following sections, we start by presenting the 

probe design and briefly discuss the productivity improvement provided by this new probe. 

Then, we discuss the probe sizing and SNR performance, concluded by presenting examples 

of 2D sizing maps on insulated pipes. 

 

2.  PEC array probe design 

 

 

 
Figure 1. The PEC array (PECA) probe 

 

 

2.1 Mechanical design 

 
The probe design is based on a linear array topology with 6 sensors placed side by side and 

spaced by 76 mm center-to-center. The sensors are encased in separated plastic bodies, linked 

through hinges that allow bending the probe around a pipe or a curved surface with radius of 

curvature ranging from flat down to 76 mm. A single electrical cable passes through all probe 

sections, routing all the electrical connections. The cable follows the probe neutral axis, so 

that the bending does not causes mechanical stress on the electrical connections. Coverage 

extends over 457 mm along the array axis. An encoder attached to the probe allow to support 

dynamic mode acquisitions. The probe lays on removeable wheels, which provide 12.7 mm of 

clearance beneath the sensor’s bodies. This space is useful to pass over weather jacket 

retention straps and buckles when the probe is moved on insulated pipes.  

 

The probe’s bending radius can be locked, so that the probe maintains its shape when 

wrapped around a pipe. The locking mechanism offers a twofold advantage: first, the probe 

remains mechanically stable even if the pipe’s weather jacket is damaged or irregular. Second, 



the relative position and angle of the sensors are maintained constant over the inspection, 

which improved the probe’s repeatability and accuracy of sizing results. 

 

Straps can be attached to the probe to stabilize and secure it when wrapped around a pipe. The 

straps also ease the inspection of the pipes bottom section by relieving the inspector from 

supporting the probe’s weight. An example of probe configured for inspection under a pipe is 

shown in Fig. 2. 

 

 

 
 

Figure 2. The PECA probe with its system of straps used to secure the probe under a pipe. Clip-on removeable 

handles are also shown. 

 

2.2 Productivity improvements 

 

The 6 sensors in the array are used simultaneously, with no temporal interleaving. The PEC 

pulse repetition rate, which is mainly influenced by the wall thickness of the component under 

test, is similar to the rate achievable with single-sensor probes (for identical averaging 

settings). However, while single-sensor probes capture one data point at one position per PEC 

pulse, the array probe captures 6 data points simultaneously. This provides a theoretical 6-

folds improvement in inspection productivity compared to a conventional single-sensor probe 

for equal gridding resolution and averaging settings. Grid drawing time during inspection 

preparation is also reduced, as only one over 6 scan axis lines must be drawn. In many cases, 

gridding may just be unnecessary altogether. 

  

In order to quantify a realistic comparison between single-sensor PEC probe (in grid and 

dynamic modes) and the proposed pulsed eddy current array (PECA) probe, we estimated the 

time spent by an inspector to inspect a 200 mm nominal diameter, schedule 40, 24.3 m long 

with 50 mm of insulation. The estimation, reported in Table 1, is based on actual measured 

inspection times for the three inspection modes (single-sensor grid, single-sensor dynamic and 

array dynamic) including the time required for gridding and excluding initial setup time that is 

common to all modes. Gridding was adapted depending on the techniques: for the array, only 

one over 6 axis grid lines were traced. In all cases, the same number of data points were 

captured. The array probe in dynamic mode reduces the inspection time of the pipe below 1 h, 

while 3.5 h and 7.5 h are required with a single-sensor probe in dynamic and grid modes.  

 

Note that, in this example, 3 passes of the array are required to cover the pipe circumference. 

The last pass is effectively using only 2 of the array elements. This, in part, justifies why the 

array inspection is about five times faster than a single-sensor probe in dynamic mode and did 

not reach the theoretical 6-fold productivity improvement. Also, moving the array around pipe 

supports takes more time as the probe is wrapped and strapped around the pipe. 

 



 
 

 
 

 

 

 

 

 

 

 

 

3.  Working principle and optimization of the array configuration 
 

The working principle of a single-sensor PEC system is described as following: a magnetic 

pulse is generated by a coil placed at some elevation (or lift-off) from the surface of a 

component under inspection, which must be ferromagnetic and conductive. During a first 

excitation phase, the pulse remains active long enough for the magnetic field to penetrate the 

full thickness of the component. Following the abrupt extinction of the pulse, eddy currents 

are generated in the metal mass. These currents induce a secondary magnetic field which can 

be sensed by a magnetic sensor and decays over time. In this phase, referred to as the 

reception phase, the sensor generates a voltage signal that is recorded and analyzed. The 

shape and decay rate of this voltage signal are directly related to the thickness of the 

component being inspected.  

 

The working principle of the PECA system is substantially identical, but the 6 excitation coils 

are connected together to generate the excitation pulse simultaneously on all the positions 

covered by the array probe. The PEC signal for the 6 position is also recorded simultaneously 

during the reception phase by 6 independent magnetic sensors. 

 

3.1 Optimizing the sizing performance 

 

Compared to a time interleaving strategy, the PECA working principle described above 

maximizes the productivity gain over a single sensor probe but comes with additional 

complexity in the sensor design and analysis algorithms.  

 

In fact, as all the excitation coils pulse simultaneously, the eddy current field generated in the 

tested component extends over a much larger surface compared to a single-element probe. In 

addition, adjacent coils interact electrically through mutual inductance. The net effect is an 

enlargement of the probe magnetic footprint along the array axis.  

 

Regardless the array or non-array design of the PEC sensor, the PEC technique provides the 

best estimation of the wall loss of a defect (the best sizing accuracy) on defects that are much 

larger than the probe’s magnetic footprint. When a PEC probe inspects over a small defect 

compared to its footprint, the PEC signal is influenced by both the defect and the surrounding 

nominal plate thickness. In this situation, the thinnest region (the defect) is averaged out by 

the thicker wall surrounding it, leading to an underestimation of the defect wall loss, i.e. 

defect undersizing. 

Table 1.  Experimental inspection time in minutes for full coverage of a 200 

mm OD pipe with 50 mm insulation.  Pipe length: 24.3 m 
 

 Measured inspection time [h] 

Single-sensor probe, grid mode 7.5 

Single-sensor probe, dynamic mode 3.5 

Array probe, grid mode 1.2 

Array probe, dynamic mode 0.8 

  



Unless appropriate countermeasures are adopted, the enlargement of magnetic footprint in the 

array configuration amplifies the undersizing effect, reducing the sizing depth and the system 

probability of detection of defects smaller of the probe footprint.  

 

An example of this penalty is shown in Fig. 3, where are plotted four sizing curves captured 

by a single-sensor probe (dotted red curve) and three array configurations on the same defect. 

All the sizing values are captured at the same 6 positions spaced by 76 mm. The single-sensor 

probe sizing curve is captured by moving the probe step-by-step over the six positions, while 

the 6 data points on each array cures are captured simultaneously in a single measurement. 

The defect is a flat bottom hole on a 12.7 mm nominal wall thickness, with minimum 

remaining wall thickness of 33%. Defect undersizing brings the minimum reading for the 

single-sensor probe up to 53%. 

 

The enlargement of magnetic footprint caused by array elements interaction in array 

configuration is demonstrated by comparing the dotted red curve (single-sensor probe) with 

the grey curve, captured with an array built by simply placing side-by-side the same sensor 

design used for the single-sensor probe: the defect appears larger and the minimum depth 

rises to 60% due to the footprint increase.  

 

One first mitigation technique required to avoid the footprint penalty in array configuration is 

to adapt the PEC excitation coil and magnetic sensor design to minimize the array element 

magnetic footprint. In the proposed array probe, we implemented a novel (patent pending) 

PEC sensor design that effectively reduces the element footprint and minimized the 

interaction between elements of the array. The net effect is a substantial reduction of the 

footprint penalty, which brings the sizing performance back to being comparable to the 

single-sensor probe design. An example of such improvement is given in Fig. 3, where the 

solid blue curve represents the sizing obtained with the array configuration employing the 

optimized PEC element design. The blue curve is almost superposed to the dotter red curve 

obtained with the single-sensor design at the same positions, demonstrating that the array 

footprint penalty is largely mitigated.  

 

The array configuration opens opportunities for additional improvements. Indeed, when 

capturing a set of data points with a single-element probe, one must assume that each point is 

independent from the others as the relative spatial positions of the data points are unknown. In 

contrast, in array configuration, the relative spatial position of the points is precisely known 

and all the data is captured simultaneously. This additional information can be exploited to 

improve the analysis algorithms and furtherly mitigates the undersizing effect on defects 

smaller than the probe’s footprint.  

 

An example of the improvement achievable with array-optimized analysis algorithm is again 

given in Fig. 3. The solid yellow line is the sizing curve obtained from array raw data 

analyzed with the array-optimized algorithm. The yellow curve should be compared with the 

solid blue curve, which is the sizing curve obtained from the same raw array data but analyzed 

with conventional analysis algorithms: the array-optimized algorithm shows deeper sizing at 

the center of the defect (47% estimated remaining wall thickness, i.e. a 6% improvement over 

the single-sensor probe value) as well as steeper edges. 

 

We validated the improvement provided by the array configuration on 45 reference defects 

milled in carbon steel plates with nominal wall thickness ranging from 6 to 25 mm and lift-off 

ranging from 25 to 76 mm. On average, the array-optimized algorithm provided a sizing that 



is 2.5% more accurate than single-sensor probe results. Further work is in progress to improve 

this result. 

 

In conclusion, appropriate PEC sensor design and optimized analysis algorithms result in 

array sizing performance that is favorably comparable to single-element design. 

 

 
 

Figure 3. Sizing of various probes configurations on the same defect at the same positions. 

 

3.2 Array probe signal-to-noise ratio 
 

Practical PEC inspection systems are typically portable and battery operated. The amount of 

electrical power available to the excitation coils is finite and limits the peak magnetic field 

during the PEC excitation pulses. Assuming optimum coil design for a given volume of 

copper, the peak magnetic field  in array configuration with n elements decreases as per the 

equation below:  

 

 
 

where  is the peak field of a single-element probe. 

 

The intensity of the received signal during the PEC reception phase is proportional to the 

intensity of the excitation field. Hence, a reduction of the excitation magnetic field in array 

configuration comes with a potential penalty in the system SNR during the reception phase, 

unless appropriate countermeasures are implemented in the PEC sensor design and the PEC 

pulser electronics. Sensitivity to external electromagnetic noise is especially a concern as PEC 

inspection systems are commonly used near pumps, motors and other electromagnetically 

active machinery.  

 

Indeed, one straightforward solution consists in increasing the electrical power available to 

the excitation coils. The downside of this solution is a reduction in the battery life of battery-

powered systems, or an increase of the system weight if additional batteries are added to the 

system.  

 



A more fundamental solution is to screen the reception magnetic sensors from external noise. 

This solution, implemented in the patent pending sensor design used in the proposed array 

probe, can improve the SNR up to a factor 4, depending on the relative position of the noise 

source with respect to the probe. An example of SNR improvement is shown in Fig. 4. The 

two images (A) and (B) show the sizing obtained from 64 data points captured on 6 

experiments with increasing electromagnetic noise intensity from experiment #1 to #6. The 

dataset (A) is obtained from the screened PEC sensor design, while the dataset (B) is obtained 

with a more conventional “yoke”-type design. The noise source is a 254 mm OD coil driven 

by a 75 Hz sinusoidal source. The noise frequency was chosen to lay within the bandwidth of 

the PEC pulses but outside the bandwidth of the line frequency filters included in the PEC 

system used for capturing the data. The data points are recorded on a nominal 6 mm wall 

thickness plate with 50 mm lift-off. The noise intensity is controlled by moving the noise 

emitting coil farther away from the PEC sensor. The noise-screened sensor design is more 

resilient to noise as demonstrated by the better sizing uniformity up to experiment #5, 

compared to the conventional sensor design that is heavily perturbed since experiment #3. 

The same information is quantified in Table Fehler! Verweisquelle konnte nicht gefunden 

werden.. 

 

 
Figure 4. Noise test with noise-screened array probe (A) and conventional single-sensor probe (B). The 2D maps 

represent 64 consecutive measurements on a 6 mm nominal wall. Deviations of sizing from 100% are shown as 

variations of colours in the 2D maps. The deviations are caused by the noise affecting the measurement: the 

more uniform the 2D map colours are, the lower is the sensitivity of the probe to external electromagnetic noise. 

The noise source is a 254 mm diameter coil driven with 75 Hz sinusoidal current placed above the probe with a 

45° angle with respect to the probe axis. The 6 rows in the maps correspond to 6 experiments with increasing 

noise intensity (from 1 to 6). The noise intensity is controlled by increasing the distance between the probe and 

the noise-emitting coil. 

 

 

 

Table 2. Standard deviation (in % of nominal) of the 

sizing in Fig. 4. 

 

 
Experiment number 

#1 #2 #3 #4 #5 #6 

Noise-screened 

sensor design (Fig. 4A) 
1.6 2.1 2.7 4.5 7 14.6 

Conventional 

sensor design (Fig. 4B) 
2.9  7.6  11  17.2  21.6 22.7 

       



 

4.  Real component inspection results 
 

In Fig. 5 we present the 2D sizing map (C-Scan) of a lab sample which was originally used 

for productivity estimation. It is a 200 mm OD pipe, schedule 40 insulated with 50 mm of 

mineral wool and covered with 0.5 mm aluminum weather jacket. The pipe is 1.8 m long and 

has a total circumference (including jacket and insulation) of 1 m. Full coverage of the 

circumference is obtained with only 3 passes of the array probe, which were completed in 1.3 

minutes. 

 

 
 

Figure 5. Example of array scan on a 200 mm nominal pipe, 1.8m long with 50 mm insulation covered by 0.5 

mm aluminum weather jacket. 

 
Since then, many inspection campaigns used the PECA solution. The following cases are 

shown to provide a sense of PECA real-life results. 

 

Fig. 6 shows a full coverage C-Scan of a field extracted pipe with natural corrosion. It is a 254 

mm OD pipe, schedule 40 insulated with 76 mm of mineral wool and covered with 0.5 mm 

aluminum weather jacket. The pipe is 3.6 m long and was scanned in full in less than 3 

minutes, including preparation. All areas of interest were quickly identified. 

 

 
 

Figure 6. Example of full coverage array scan on a 254 mm nominal OD pipe, 3.6m long with 76 mm of 

insulation covered with 0.5 mm of aluminum weather jacket. 

 
 

 

 

 

 

 



 

Fig. 7 shows a C-Scan resulting from the quick screening of 3 m wide by 2 m high section of 

a fireproofed vessel skirt. Wall thickness is 13 mm and the fireproofing consist in a 25 mm 

thick concrete layer reinforced with welded wire mesh. The preparation and scan process took 

less than 5 minutes and 3 areas affected with 40% wall loss (Shown in yellow) were quickly 

identified. 

 

 
 

 
 

Figure 7. Example of an array scan of a 3 m wide by 2 m high portion of a vessel skirt. The nominal wall 

thickness is 13 mm and the fireproofing is composed of a 25 mm thick concrete layer reinforced with welded 

wire mesh. 

 

 

 

 

 



Fig. 8 shows a full coverage C-Scan of a field extracted pipe with natural corrosion at a 45 

degrees elbow location. It is a 200 mm OD pipe, schedule 40 with 25 mm of insulation. The 

pipe is 1.5 m long and was scanned in full in less than 1 minute. All areas of interest were 

quickly identified. 

 

  
 

 
 

Figure 8. Example of full coverage array scan on a 200 mm nominal OD pipe schedule 40, 1.5 m long with 25 

mm of insulation at a 45 degrees elbow location. 

 

5.  Conclusion 
 

In this paper, we present a pulsed eddy current array system for detection and sizing of 

corrosion under insulation in low-alloy carbon steel structures. The system is based on a novel 

pulsed eddy current probe featuring a linear array topology with 6 sensors capturing data 

simultaneously at every PEC pulse. This solution improves the PEC inspection productivity 

by a factor ranging from 4 (minimum) to 10. The most important challenges in the design of a 

PECA probe are briefly presented, and the solutions included in the proposed design are 

discussed. In addition to improved productivity, the proposed array design improves several 



performance metrics with respect to more conventional single-sensor designs. More 

specifically, small defects under sizing is mitigated by controlling the array magnetic footprint 

and implementing advanced raw data analysis algorithms that exploits the multi-sensor nature 

of the array design. Also, the immunity from external electromagnetic noise is improved by 

taking advantage of noise screening. This technology has been field used for roughly a half 

year to date, and real-life component scans have been shown. 
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