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RESUME 
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 screening tool, allowing for detection of corrosion 
without having to remove coating or insulating material over typical pipes, tanks and vessels. However, 
the use of this technique has been severely limited for components wrapped in galvanized steel 
weather jacket, which abound in some geographic markets. 

This paper discusses the challenges of working with galvanized steel as well as some of the solutions 
that allow quality PEC inspection of such components. Eddyfi has developed a number of 
improvements that greatly enhance signal quality and data accuracy when measuring through all kinds 
of insulation and weather jacket materials. Laboratory and field results will be presented and analyzed 
in order to offer a clear picture of the possibilities and limitations of the current technology. 
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1 – INTRODUCTION 

Pulsed Eddy Currents (PEC) is a versatile non-destructive testing uniquely suited to detect corrosion under 
insulation, one of the most important issues facing the petrochemical industry today. PEC have been 
shown to work through weather jacket (or cladding) and presents major upsides compared to the brute 
force approach which consists in removing the insulation to perform a visual or ultrasounds inspection. 
Compared to competing technologies like X-rays radiography, PEC represents an interesting alternative 
particularly in inspections of structures with complex geometry or in restricted access situations. In 
addition, the PEC technology avoids operator health concerns related to exposure to X-rays or radioactive 
materials.  
 
PEC is best used as a screening tool owing to its ability to inspect in-service components through 
insulation and cladding. By allowing to identify corrosion areas outside of the shutdown period, it permits 
the expansion of inspection scope and frequency without increasing its schedule. This broader screening 
enables a more focused application of complimentary quantitative methods such as radiography and 
ultrasounds during shutdowns.  
 
The working principle of PEC 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.  
 
By controlling the length and the intensity of the magnetic pulse, the PEC technique can be used to inspect 
carbon steel plates with thickness ranging from a 3 mm to 100 mm. A lift-off, typically associated to the 
thickness of thermal insulation applied over the component, is tolerated up to 300 mm with appropriate 
probe design.  
 
PEC can easily inspect through up to about 1mm thickness of aluminum or stainless steel weather jackets 
covering the insulation. However, conventional PEC systems detection and sizing performance is impaired 
by galvanized steel jackets due to the ferromagnetic properties of this material. In Section 2, we discuss 
how galvanized steel affects PEC signals, and in Section 3 we discuss possible mitigations.  
 
2 – IMPACT OF GALVANIZED STEEL ON PEC SIGNALS 
 
The galvanized steel (GS) interacts with the PEC pulse in many ways. First, as the material is 
ferromagnetic, it screens part of the magnetic field generated by the PEC probe during the excitation 
phase. Hence, only a fraction of the magnetic field emitted by the probe reaches the plate, and, 
consequently, the intensity of signal detected form the plate in the reception phase is also reduced. To 
give a sense of the importance of this effect, we calculated the magnitude of the magnetic flux density B 
in a 12.7mm thick carbon steel plate assuming a “yoke” exciting probe configuration, 50mm lift-off and 
up to 1 mm GS thickness. The results, computed with the COMSOL Multiphysics® modeling software, are 
shown in Figures 1 and 2. The chart on Figure 1 reports the reduction in magnitude of B as a function of 
the thickness of GS: with just 0.5mm GS, the field magnitude in the plate is reduced below 40%. Figure 2 
shows the magnitude of B on the carbon steel plate (no defect included) with and without GS, with the 
same color scale. Again, the attenuation is clearly visible. 
 
 



 
Figure 1 –Maximum magnitude (normalized) of the magnetic flux density B in a plate covered by 

insulation (non-conductive, non-magnetic) and 0 mm, 0.5mm or 1 mm of GS jacket. Assumptions: 
12.7mm thick carbon steel plate with typical material properties, “yoke” exciting probe configuration, 

50mm lift-off. 
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Figure 2 – Normalized magnitude of the magnetic flux B in the carbon steel plate.  
A: no GS jacket; B: 0.5mm GS; C: 1mm GS. The same color scale is used in all images. 

 
 
A second detrimental effect of GS is that it enlarges the magnetic footprint of the probe on the carbon 
steel plate. 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 footprint. When a PEC probe goes over a small 
defect, 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. The presence of GS amplifies the 
undersizing effect by enlarging the magnetic footprint of the probe.  
 
In addition, a larger footprint makes the PEC probe more sensitive to the presence of flanges, nozzles, 
valves, etc. These metallic masses are typically characterized by a very strong PEC signal, which may cover 
the signal from the plate under inspection and impair the sizing and defect detection capability of a PEC 
system. The footprint increase in presence of a GS jacket makes the PEC system more sensitive to metallic 
masses placed at a large distance from the probe.  
 
The streamline chart on Figure 3 depicts the B field lines at the end of the excitation phase with and 
without GS jacket. In presence of GS, the magnetic footprint is clearly enlarged. The same effect is also 
present in Figure 2, just less visible.   
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Figure 3 – Magnetic flux density field lines. Blue solid lines: no GS jacket, Red dashed lines: with 1mm 

GS jacket. Assumptions: 12.7mm thick carbon steel plate with typical material properties, “yoke” 
exciting probe configuration, 50mm lift-off. 

 
Another detrimental effect of GS jackets is revealed during the PEC reception phase. As the GS is 
conductive, eddy currents are generated within the jacket during the reception phase. The decay of these 
eddy currents generates a magnetic field that is detected and recorded by the magnetic sensor. Within 
the first few milliseconds of the reception phase, the received A-Scan (the received PEC signal 
represented in voltage versus time) is typically dominated by the signal from the GS, as the jacket is in 
direct contact with the magnetic sensor. Fortunately, the decay of the GS contribution is relatively fast 
compared to the signal coming from the much thicker plate under test. Figure 4 shows an example of 
typical A-Scan measured on a 12.7mm plate, 50mm lift-off, with and without GS jacket. Note that the GS 
contribution may partially mask the signature of some types of defect, particularly defects smaller that 
the probe footprint.  
 

 
Figure 4 – Typical A-Scans measured with and without GS jacket.  

The gain is adjusted to superpose the A-Scans beyond 20 ms. 
 
A last detrimental effect of GS jackets is due to jacket vibration during the PEC excitation and reception 
phases. Each time the PEC probe emits a pulse, the ferromagnetic galvanized steel jacketing vibrates due 
to magnetostriction. At a PEC pulsation rate of 1–100 Hz, the strong vibration disrupts the PEC signal, as 
illustrated in Figure 5. 
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Figure 5 – Typical A-Scan observed in absence (red) and presence (black) of GS jacket.  

  
In realistic inspection scenarios, the vibration shape and spectral content vary depending on several 
uncontrolled factors ranging from the magnetic properties and thickness of the GS jacket to the 
mechanical dampening properties of the insulation under the jacket, the quality and tightness of the 
fixations keeping the jacket in place, the presence of jacket overlaps, bumps or deformations, etc. In 
addition, the vibration is synchronized with the PEC pulses as it is generated by the pulses themselves. 
Hence, it cannot be eliminated with averaging over multiple pulses.  
 
All the effects shown above give the sense of the challenge involved in PEC inspection of components 
wrapped in GS jacket. On these components, the detection and sizing capability of conventional PEC 
systems is generally reduced. However, mitigations are possible and some are discussed in the following 
section. 
 
2 – MITIGATING GALVANIZED STEEL-RELATED PROBLEMS 
 
The impact of GS jackets may be mitigated in various ways. First of all, the analysis algorithms used on 
the PEC signal can be made robust to the presence of GS by modeling its contribution to the signal and/or 
excluding from the analysis the section of A-Scan dominated by the GS response.  
 
The large PEC signal attenuation with GS can be mitigated by modifying the probe design in order to 
improve the sensitivity. Depending on the type and design of the magnetic sensor, the designer may have 
to trade sensitivity, magnetic footprint and sensor physical dimensions and weight.  
 
The footprint increase due to GS can also be accounted for in the PEC signal analysis algorithms. For 
example, the PEC solution proposed by Eddyfi includes a signal post-processing tool named 
“compensated wall thickness”. This tool is designed to extract the information related to a small defect 
from the A-Scan. The tool provides an estimation of the defect wall loss compensating for the undersizing 
effect normally observed in the uncompensated measurement. In most situations, this tool works also in 
presence of GS jacket.  
 
Finally, the problem of GS steel vibration can be mitigated by maximizing the mechanical coupling 
between the PEC probe and the GS jacket. This allows to dampen the jacket vibrations, effectively 
lowering the noise on the A-Scan. Maximum vibration dampening can be obtained by fitting a probe with 
a shoe specifically designed for this task, and pressing the probe on the GS during the inspection. An 
example of the potential improvement obtained using a dampening shoe is shown in Figure 6. The signal-
to-noise ratio of the measurement is enhanced by vibration dampening as revealed comparing Figure 6 
(B) and (C) C-Scans (2D sizing maps). 
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Figure 6 – Typical C-Scans observed (A) without GS jacket, (B) with GS jacket but without vibration 
dampening shoe and (C) with GS jacket and vibration dampening shoe. 

 
 
3 – CONCLUSIONS 
 
The inspection of components covered with ferromagnetic jackets like galvanized steel is a challenge for 
conventional PEC systems, as the galvanized steel influences the PEC signal in several ways. As a 
consequence, the defect detection and sizing capabilities of conventional PEC systems are typically 
reduced on GS jackets.  
Knowing in detail how the GS affects the PEC signals allowed Eddyfi to develop several mitigation 
techniques. These include the optimization of the probes to maximize the sensitivity with minimum or no 
trade-off on probe footprint, size or dimensions; the improvement of the analysis algorithms to make 
them more robust to GS; and the development of a vibration dampening tools. With these mitigation 
techniques in place, inspection of components covered with GS becomes feasible, and detection and 
sizing performance in improved.  
Still, in many cases the inspection on GS jackets remains a challenge and several additional improvements 
are currently under investigation.  
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