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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. This technology has proven to be an efficient 
screening tool, allowing for detection of corrosion without having to remove 
insulating material over typical pipes and tanks. However, this technology has major 
limitations related to user-dependence, overall accuracy, the inability to perform 
dynamic scanning (only static, grid measurements are possible). 
 Few other electromagnetic CUI inspection techniques have been available to the 
industry: low-frequency or partial saturation eddy current techniques and remote field 
technology are essentially the only alternatives to PEC. However, none of those can 
offer significant improvements over PEC, and each comes with its specific 
limitations. Indeed, they cannot be used efficiently for components featuring thick 
wall and insulation (e.g. more than 12.7 mm [0. 5 in] and 76.2 mm [3 in] respectively), 
offer very limited capabilities on galvanized steel jacket and do not offer significant 
sizing improvements and/or are not suited for sub-surface flaw detection. 
 This paper presents the most recent developments made with regards to pulsed 
eddy current. Laboratory results of tests conducted on carbon steel reference 
specimens are presented, along with preliminary field results. The performance of this 
improved PEC technique is compared to prior art technology, and key benefits are 
discussed. 

1. Introduction 

Corrosion under insulation (CUI) is one of the most important unresolved issues facing the 
petrochemical industry today. If left unaddressed, CUI can lead to critical failure of 
components, resulting in undesirable and costly process unit shutdown or even in rare 
extreme cases causing process safety incidents[1], [2]. However, detection, quantification 
and monitoring of CUI remains a challenge. The brute force approach, which consists in 
stripping the insulation off of the component for a visual or ultrasound inspection is both 
unpractical and costly, especially in cases where the insulation contains toxic asbestos. 
Pulsed Eddy Current (PEC) is a technique which measures the thickness of a conductive 
component through insulation and hence presents major upsides for the inspection of CUI.  

 
The working principle of PEC consists in the analysis of the transient eddy current inside a 
conductive component following a sharp electromagnetic transition. Each pulse is divided 
into three time slots: 1- the emission phase during which the probe injects magnetic fields all 
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the way through the component being inspected, 2- a very short cut-off phase which induces 
eddy current into the component when the magnetic field emission is stopped abruptly, and 
3- the reception phase during which magnetic sensors measure the decay of the eddy current. 
The decay rate of the eddy current is directly related to the thickness of the conductive 
component being inspected[3]. Pulsed Eddy Current systems measure the reemitted magnetic 
field from the component using some sort of magnetic sensor, usually the induction voltage 
in a receiving coil. A typical signal, as shown in Figure 1, can be divided into two distinct 
phases. At small times, the signal is best described by an inverse power law which appears 
like a straight line in the Log-Log graph (Figure 1A) and at longer times the signal decays 
exponentially, appearing like a straight line in the Log-Lin graph (Figure 1B). The point of 
transition between these two phases is indicative of the thickness of the component. Most of 
the PEC systems currently on the market rely, in one way or another, on the abrupt drop-off 
in signal observed in the Log-Log scale (Figure 1A) after the point of transition[4], [5]. In 
contrast, the Lyft system measures the slope variation slightly before the point of transition 
in the Log-Lin graph (Figure 1B,C). This presents two major advantages: 1- the section of 
interest is at an earlier time in the decay, which gives more signal and allows for shorter 
acquisition duration; 2- measuring a slope variation makes the result mostly immune to signal 
amplitude variation coming from probe lift-off or insulation thickness variation. 

 

 
 

Figure 1. Log-Log (A) and Log-Lin (B, C) representation of a typical signal picked up by a receiving coil for 
a 0.5’’ thick (red) and 0.4’’ thick (blue) carbon steel plate at 2’’ liftoff. 

 
Herein we report representative results and analyses obtained with the Lyft system (shown in 
Figure 2), a PEC tool developed by Eddyfi. The Lyft system comprises many technological 
innovations which allow it to obtain repeatable, quality data at a faster rate. This will be 
shown first with a series of in-lab measurements of stereotypical components and flaws, and 
then with data taken on real-world components. 
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Figure 2. Lyft system is a PEC tool developed by Eddyfi. 

2. Laboratory experimentation 

The sizing algorithms developed for the Lyft system analyze a section of the eddy current 
signal that is earlier in time than what is done by most current systems. This provides a 
number of benefits, chief among them is that it allows the acquisition routine to be performed 
much faster. First off, analyzing the signal earlier shortens the receiving phase, which in itself 
can speed up the acquisition rate by 10% to 30%. Moreover, since we measure the signal 
earlier in the decay we get a better signal-to-noise ratio, lessening the need to average a large 
number of pulses. Additionally, the Lyft employs a number of smart filters which further 
improve the signal-to-noise ratio. These three factors amount to a substantial increase in 
effective acquisition rate.  

A typical use case for the inspection of a CUI component with a current technology PEC tool 
goes as follow. The inspection crew first traces a grid on the component with a pitch 
corresponding to a fraction of the probe’s footprint. Only then can the inspection truly begin, 
with the inspector acquiring a data point for each cell in the grid. The first step of tracing the 
grid is the most time consuming and can amount for more than 50% of the total inspection 
time. 
 
In contrast, Lyft comes with a fully enabled Dynamic Scanning Mode allowing the users to 
record the position of every measurement with the rugged encoder wheel embedded into 
probe. The inspection team therefore only needs to trace parallel lines to serve as guides for 
the encoded probe measurements. In addition to cutting down in half the setup time of the 
inspection crew, this dynamic scanning mode allows an increased spatial resolution along 
the scanning axis. Figure 3 shows the benefits of using the Lyft’s dynamic scanning mode by 
comparing a rough grid mode C-scan with resolution 50.8 mm x 50.8 mm (2 in x 2 in) and a 
fully encoded, high resolution C-scan recorded with an in-axis resolution of 12.7 mm (0.5 in) 
and a pitch of 25.4mm (1 in) for the parallel guiding lines. The sample is a 6.35 mm (0.25 in) 
thick carbon steel plate with a round flaw in the center. The artificial defect used in the 
experiment is quite large (101.6mm [4 in]) to ensure a proper flaw detection with the grid 
scanning mode but it is not representative of the minimum detectable defect with the Lyft 
system. Under these experimental conditions and with the averaging set to 4 pulses per data 
point, the dynamic scanning was achieve at a moving speed of 50.8 mm/s (2 in/s). 
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Table 1. Figure 3 sample plate characteristic 

Characteristics Sample #0616 

Wall thickness 6.35 mm (0.25 in) 

Insulation thickness 25.4 mm (1 in) 

Sample dimensions 406.4 mm x 406.4 mm (16 in x 16 in) 

Flaw diameter 101.6 mm (4 in) 

Flaw remaining wall 
thickness 

2.1 mm (0.083 in) 

Picture 

 
 
 

 
Figure 3. Grid-mode (A) and Dynamic Scanning Mode (B) C-scans of a 6.35 mm (0.25 in) thick carbon steel 

plate with a flaw of 101.6 mm (4 in) diameter, 2.1 mm (0.083 in) thickness (66% wall loss). 
 
It is very common for CUI components to include a layer of conductive material covering 
the insulation. This weather jacket (or cladding) material can influence the quality and 
accuracy of PEC measurements. The Lyft’s algorithm are specially tailored to minimize the 
adverse effect of a wide variety of weather jacket materials, including the industry standards 
of aluminum, stainless steel, and galvanized steel. Figure 4 shows a side-by-side comparison 
of Lyft measurements on a calibration step pipe wrapped in 50.8 mm (2 in) of insulating 
material and jacketed in either 1 mm (0.040 in) of aluminum or 0.6 mm (0.024 in) of 
galvanized steel. The sizing is mostly unaffected by the presence of the weather jackets as 
long as the calibration is performed correctly. 
 

Table 2. Figure 4 sample pipe characteristic 

Characteristics Sample #0384 

Pipe diameter 273 mm (10.75 in) 
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Nominal wall thickness Schedule 40; 9.3 mm (0.365 in) 

Insulation thickness 50.8 mm (2 in) 

Weather jacket material Aluminum (A) ; Galvanized Steel (B) 

Weather jacket thickness 1 mm (0.040 in) (A) ; 0.6 mm (0.024 in) (B) 

Length 1219.2 mm (48 in) 

Steps length 304.8 mm (12 in) 

Steps remaining wall 
thickness 

9.3 mm (0.365 in); 100% 
8.4 mm (0.330 in); 90% 
7 mm (0.275 in); 75% 

5.1 mm (0.201 in); 55% 

Picture 

 

 
 
 

 
Figure 4. Ultrasound wall thickness measurements (A) compared to Lyft grid mode measurements (B, C) 

taken on a calibration carbon steel pipe wrapped in 50.8 mm (2 in) of insulation with a 1 mm (0.040 in) thick 
aluminum (B) or a 0.6 mm (0.024 in) thick galvanized steel (C) weather jacket. 

 
It is common for CUI to form in hard-to-reach places such as around a nozzle or pipe support. 
The challenge then is to differentiate between the mass loss from corrosion and the additional 
conductive mass present at the junction with the support or nozzle. Figure 5 shows the Lyft 
system’s performance in a typical configuration where mass loss occurs near the point of 
contact between a carbon steel pipe and its saddle support. The flaw, a 20% remaining wall 
thickness tapered in both the axial and circumferential directions, is mapped in dynamic 
mode showing the progressive nature of the defect until it get overridden by the excess mass 
from the steel saddle support, roughly 50.8 mm (2 in) away from the structure. This is another 
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demonstration of the added insight brought by the increased resolution arising from the use 
of the Lyft system’s dynamic mode. 
 

Table 3. Figure 5 sample pipe characteristic 

Characteristics Test mockup #4 

Pipe diameter 168.3 mm (6.625 in) 

Nominal wall thickness Schedule 40; 7.11 mm (0.280 in) 

Insulation thickness 50.8 mm (2 in) 

Weather jacket material Aluminum 

Wealther jacket thickness  1.0 mm (0.040 in) 

Length 1219.2 mm (48 in) 

Defect 20% remaining wall, tapered in the axial and 
circumferential direction over 355.6 mm (14 in) and 

180°, respectively 

Picture 

 
 
 
 

 
Figure 5. Schematic representation (A) and Dynamic Mode C-Scan (B) a carbon steel pipe with a tapered 

defect near a saddle support. 
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3. Experimentation on real corrosion samples 

3.1. Inspection of pipe repair wraps 

The Lyft system has been evaluated in a blind test made on a wrapped pipe sample containing 
real internal defects. At the time of the test the type, depth and location of the defects were 
unknown to the Lyft operator. The goal was to inspect the sample, identify the region of 
interest and evaluate any relevant indications. Then, the sample would be cut open and the 
ID surface cleaned by sandblasting to reveal the indications and compare them with the PEC 
measurement. The pipe sample configuration is given in the Table 4. 
 

Table 4. Wrapped sample pipe characteristics 

Characteristics Sample 831 

Pipe diameter 323.8 mm (12.75 in) 

 Nominal wall thickness Schedule 40;  9.53 mm (0.375 in) 

Wrap thickness Between 8 mm to 12 mm (0.315 in to 0.472 in) 

Length 1250 mm (49.2 in) 

Picture 

 
Courtesy of APAVE Inspection UK Limited 

 
The approach used on the sample has been to first perform a quick screening scan. This quick 
survey was conducted in dynamic mode by scanning along 12 pre-traced lines, one at every 
clock hour around the pipe. Using a resolution along the scan axis of 15 mm and a resolution 
around the circumference of about 90 mm, it was possible to take about 925 readings in less 
than 10 minutes with a minimal amount of pre-acquisition setup work. The Figure 6A shows 
the remaining thickness C-scan over the entire pipe circumference. The middle region of the 
C-scan clearly shows a region with considerable thinning (yellow color). This region was 
selected for a second acquisition, this time performed with a higher resolution to get a better 
representation of the defect. For this scan, the resolution is 10mm along the scanning axis of 
the pipe and 25mm along the circumference. The Figure 6B shows the result of this second 
scan. This two-steps approach allows for the quick identification of zones of concern on a 
component and their high-resolution characterization, revealing the exact position and depth 
of the CUI. 
 
 
 

 

                                                 
1 Experimentation made in collaboration with APAVE Inspection UK Limited 
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Figure 6. Result obtained on pipe repair wrap. (A) Dynamic screening scan made over the entire 

circumference of the pipe and (B) high resolution dynamic scan on the region of interest.  

3.2. Inspection through corrosion product 

While the bulk of this paper has focused on CUI applications, the Lyft system has achieved 
great results on another important type of corrosion: scab corrosion or blister. This type of 
corrosion occurs when the corrosion product is held in place by protective paint or coating to 
form a flaky but solid layer over the remaining steel material. When the inspection work is 
performed on operating equipment, sandblasting and scraping areas with heavy scale should 
be avoided to prevent any safety issue [6]. Performing thickness measurements on this type 
of corrosion with any technique can prove very challenging. By measuring strictly the 
remaining thickness of the conductive material (that is excluding the corrosion product layer), 
PEC can provide an accurate measurement of the amount of structural material left. However, 
the variations in liftoff caused by the bulging of the scab areas as well as the presence of 
ferromagnetic iron oxide, which disrupts the signal especially at longer times, can prove 
challenging for current generation PEC tools[7]. In contrast, the Lyft’s immunity to liftoff 
variations and algorithms that analyze an earlier portion of the received magnetic signal allow 
it to obtain high quality measurements on real-world components, as shown in Figure 7. 
 

Table 5. Figure 7 sample pipe characteristic 

Characteristics  Real sample #012 

Pipe Diameter 273 mm (10.75 in) 

Nominal Wall Thickness Schedule 20; 6.3 mm (0.250 in) 

Insulation Thickness n/a 

Length 762 mm (30 in) 

                                                 
2 Experimentation made in collaboration with Oceaneering International 
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Picture 

 
Courtesy of Oceaneering International 

 
 

 
 

Figure 7. Dynamic-mode C-scan of a scab corrosion area 

4. Conclusion 

The Lyft system uses an advance sizing algorithm that analyzes PEC signals at an earlier time 
and uses smart filtering techniques to significantly improve data acquisition time. This in 
turn enables the use of a dynamic scanning mode which provides the user with a higher 
resolution image acquired at a faster rate. The additional insight provided by the dynamic 
mode data goes a long way toward a better identification of CUI in hard-to-reach area such 
as around nozzles or saddle supports. In addition, the dynamic mode significantly speeds-up 
and simplifies the setup time prior to the PEC inspection owing to the encoded acquisition 
and C-Scan mapping. Moreover, the Lyft system shows great results in the sizing of scab (or 
blister) corrosion, a degradation problem which has historically proven hard to asses with 
conventional non-destructive techniques. 
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