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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 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. We present the most 
recent improvements in PEC technology, including a novel PEC probe specifically designed for 
inspections through ferromagnetic weather jackets. This new probe design, combined with an optimized 
analysis algorithm, greatly enhances signal quality and defect sizing accuracy when measuring through 
ferromagnetic jacket materials. Laboratory and field results will be presented and analyzed.  

Keywords: Electromagnetic Testing (ET), galvanized steel jacket, Pulsed Eddy Currents, NDT, PEC, 

CUI 

1 Introduction 

Pulsed Eddy Currents (PEC) is a versatile non-destructive evaluation technique that can measure wall 

thickness of conductive components at high lift-offs [1]–[3]. PEC is well suited for non-destructive 

analysis of Corrosion Under Insulation (CUI), Corrosion Under Fireproofing (CUF) and Flow 

Accelerated Corrosion (FAC) in carbon steel structures like pipes, tubes [4], [5], vessels, sphere legs, 

etc. PEC is best used as a screening tool owing to its ability to inspect in-service components through 

insulation and cladding. As no insulation stripping is required, PEC allows the asset owners to expand 

the scope and frequency of screening inspections without increasing the facilities downtime. This 

broader screening allows to identify potential corrosion areas outside the shutdown period, and enables 

a more focused application of complimentary methods such as radiography and ultrasounds during 

shutdowns. 

The PEC technology is routinely used to inspect through thermal insulation up to 300mm thick and can 

tolerate 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 (GS) jackets due to the ferromagnetic properties of this material.  
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In this paper, we discuss how GS affects PEC signals and we present a novel (patent pending) PEC 

probe design that mitigates these effects.  

1.1 Principle of operation of Pulsed Eddy Currents 

The principle of operation 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 to oppose the rapid change in magnetic field. 

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 voltage signal as function of time is referred to as an A-scan. The shape 

and decay rate of the A-scan 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.  

2 Impacts of galvanized steel weather jackets on PEC signals 

Galvanized steel interacts with PEC pulses in many ways [6]. First, as the material is ferromagnetic, it 

screens part of the magnetic field generated by PEC during the excitation phase. Hence, only a fraction 

of the magnetic field emitted by a PEC probe reaches the surface under test. Correspondingly, during 

the reception phase the intensity of the secondary magnetic field from the plate that reaches the magnetic 

sensor is also reduced.  

    
(A) (B) (C)  

Figure 1: Normalized magnitude of the magnetic flux in a carbon steel plate covered with 50 mm (2 in) 

insulation (non-conductive, non-magnetic) and (A) 0 mm, (B) 0.5 mm (0.020 in), and (C) 1 mm (0.039 in) of 

galvanized steel. 
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To evaluate the importance of this effect, we calculated the magnitude of the magnetic flux density (B) 

in a 12.7 mm (0.5 in) thick carbon steel plate, 50 mm (2 in) liftoff and up to 1 mm (0.039 in) GS jacket. 

The results, computed in COMSOL® Multiphysics®, appear in Figure 1. With only 0.5 mm (0.02 in) 

of GS, the maximum magnitude of the magnetic flux in the plate drops under 40 % of the value without 

a jacket. 

A second detrimental effect of GS on PEC signals is that it enlarges the magnetic footprint of PEC 

probes. The magnetic footprint is defined by the spatial distribution of the intensity of the B field 

(Magnetic flux density). More precisely, we define the area of the magnetic footprint as the region (on 

the inspected plate) encompassed by the isoline at 50% of the maximum intensity of B.  

PEC offers the best sizing accuracy over defects larger than the probe’s footprint. Over defects smaller 

than the footprint, PEC signals are influenced by the defect and the surrounding nominal plate thickness. 

In this situation, the thinnest region (the defect) is averaged out by the thicker surrounding wall, leading 

to underestimating the defect’s wall loss. This is called defect undersizing. GS amplifies defect 

undersizing by enlarging the probe’s footprint. This happens because the jacket captures and spreads 

out the magnetic field from the probe (in the excitation phase) and from the inspected plate (in the 

reception phase). 

Another detrimental effect of GS jackets is revealed during the PEC reception phase. As GS is 

conductive, eddy currents in the jacket generate a magnetic field recorded by the probe’s sensor. The 

first few milliseconds of the received A-scan are therefore typically dominated by the GS signal. 

Fortunately, the decay of the GS contribution is relatively sharp compared to the signal from the much 

thicker surface under test.  

 

Figure 2  Typical A-scans measured with and without GS jacket. The gain is adjusted to superimpose A-scans 

beyond 20 ms 
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Figure 2 shows a typical A-scan from a 12.7 mm (0.5 in) thick component, at 50 mm (2 in) liftoff, with 

and without a GS jacket. The GS contribution may partially mask the signature of some types of defect, 

especially defects smaller than the probe’s footprint. 

Finally, GS jackets vibrate during the PEC excitation and reception phases. Each time a PEC probe fires 

a pulse, the GS jacket is attracted to the probe’s magnetic field, causing a transient mechanical vibration. 

At a pulsation rate of 1–100 Hz, vibrations disrupt PEC signals. Typically, the shape of vibrations and 

the spectral content vary according to several uncontrolled factors: the GS jacket thickness, the 

mechanical dampening from the insulation, the quality and tightness of jacket fixations, etc. In addition, 

vibrations are synchronized to PEC pulses and cannot be eliminated by averaging over multiple pulses.  

All the effects outlined above offer a sense of challenges facing PEC on components wrapped in 

galvanized steel, which usually result in reduced detection and sizing capabilities of conventional PEC 

systems. However, mitigation measures are possible. 

3 A novel probe design for inspection through galvanized steel weather jacket 

Improvement of analysis agorithms and GS jacket vibration damping are among the techniques that can 

mitigate the adverse effects of GS jackets [6]. However, in search for a more fundamental solution, we 

developed a PEC probe specially designed for inspection through GS weather jacket. The novel feature 

of this patent pending design is that permanent magnets are positioned close to the probe’s magnetic 

sensor. These magnets are employed to magnetically saturate the GS under the probe. The magnetic 

permeability of the jacket is therefore significantly reduced over a region covering the magnetic 

footprint of the probe on the jacket. The multiple advantages of this concept are presented in the 

following sections. 

3.1 Improved A-scan signal-to-noise ratio 

The screening effect described in Section 2 is greately reduced, owing to the lower magnetic 

permeability of the saturated GS jacket. Hence, during the excitation phase a lower portion of the 

magnetic pulse emitted by the PEC probe is captured by the jacket. Similarly, during the reception 

phase, a larger portion of the PEC secondary magnetic signal from the inspected component can reach 

the magnetic sensor. In addition, the permanent magnets act as a sort of anchor, magnetically attracting 

the jacket to the probe and effectively preventing mechanical vibrations. All these effects contribute to 

improve the A-scans signal-to-noise ratio compared to a conventional probe design.  

3.2 Attenuated contribution of the GS jacket on the A-scan 
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During the detection phase, the saturated GS jacket still generates eddy currents. However, the contribution of 
the GS jacket on the A-scan is reduced compared to the unsaturated case, although not completely eliminated.  

Figure 3 illustrates an example of A-scan captured on a 0.5 inch plate with 2 inch insulation and 1mm 

GS jacket. The red dashed curve is captured with a conventional probe, while the black curve is captured 

with the GS probe. The contribution from the GS jacket is attenuated and effectively shortening the 

portion of the Ascan where it dominates over the component signal. Indeed, the GS signal is still well 

visible in the first 5ms of the A-scan, compared to a signal captured without jacket (thin line), but the 

difference is sufficient to improve the sizing of small defects whose signature may otherwise be partially 

masked by the GS contribution. 

 

Figure 3: A-scan captured on 12.7 mm (0.5 in) plate with 50 mm (2 in) insulation and 1mm GS jacket. Black 

thick curve: GS-specialized probe; red dashed curve: conventional probe; purple thin curve: conventional probe 

with GS jacket removed. 

3.3 Reduction of the probe footprint 

The probe’s footprint shrinks to dimensions approaching those found without jacket, which also 

diminishes the undersizing of small defects. To illustrate this phenomenon, Figure 4 (left) shows 

simulations of the footprint for a conventional probe with and without GS jacket (0.5mm thick) as well 

as the footprint for the GS-specialized probe design, assuming a 12.7 mm (0.5 in) plate and 50 mm 

(2 in) of insulation. In this example, on GS jacket the specialized probe footprint area is 66% of the 

footprint found for the conventional probe and it is approximately equal to the footprint found without 

jacket. Figure 4 (right) shows how the footprint dimension along the A-B axis varies with the lift-off 

(LO or insulation thickness): on both 0.5mm and 1mm of GS jacket, the GS-specialized design can 

bring the footprint back to the no-jacket case. The reduction in footprint is related to the level of 

saturation of the jacket: for a thick jacket, the saturation of the simulated design is not complete and the 

footprint is slightly larger than the one found with thin jacket. 
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Figure 4: (Left) Comparison of footprint simulated on 0.5 inch plate with 2 inch insulation. (Right) Evolution of 

footprint with insulation thickness (lift-off, LO) for conventional and GS-specialized probes on 0.5 inch plate.   

4 Experimental results 

The GS-specialized probe was tested in laboratory environment on a set of 30 reference defects 

machined on carbon steel plates with thickness ranging from 0.25 inch to 1 inch. Insulation thickness 

values comprised between 0.5 inch and 2 inch and GS jacket thickness of 0.5 mm and 1 mm were 

considered. The defects were machined with flat bottom cylindrical shape, diameter ranging from 2 to 

6 inches and wall loss ranging from 33% to 66% of the nominal. Table 1 shows aggregated statistics 

over all the tested defects for the sizing error, defined as the difference in measured wall thickness 

between datapoints captured with and without GS jacket for the same plate, defect and insulation 

thickness.  

 0.5 mm GS jacket 1 mm GS jacket 

 
Sizing error 

Average 
[% of nominal] 

Sizing error 
Standard deviation 

[% of nominal] 

Sizing error 
Average 

[% of nominal] 

Sizing error 
Standard deviation 

 [% of nominal] 

Conventional probe 10.1 5.5 12.3 6.3 

GS-specialized probe 3.2 2.9 5.1 4.2 

Table 1: Sizing error compared to sizing obtained without GS jacket. 

With the GS-specialized probe, the average sizing error induced by the presence of the GS jacket is no 

more than 5.1%, while the error is as large as 12.3% with a conventional probe.  
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This imporved sizing performance was confirmed by tests on real samples. For example, Figure 5 shows 

2D sizing maps of a pipe with 203.2 mm (8 inch) outer diameter, schedule 40, 50.8 mm (2 inch) thick 

insulation, 0.7 mm (0.03 inch) thick galvanized steel jacket, and a flange. Figure 5A shows a map from 

a conventional PEC probe, affected by enlarged footprint and noise from the galvanized steel vibration, 

which all contribute to make some defects hard to detect. Figure 5B shows the same sample scanned 

with the GS-specialized PEC probe. Defects are better detected and sized thanks to the smaller footprint 

of the probe and the improved A-scans signal-to-noise ratio. The probe is even able to detect a defect 

near the flange, which was otherwise undetected with a conventional probe. 

  
(A) (B) 

Figure 5 : 2D sizing maps of (A) conventional PEC probe (B) galvanized steel-specialized probe 

One minor disadvantage of the proposed desing is that the probe sticks onto the jacket due to the 

attraction of the magnets. Hence, the probe is more difficult to move than a conventional design, 

particularly on thick jackets. Still, this may turn into an advantage in some situations, like long 

inspections on vertical pipes or vessels, as the probe stays in place with no need for the inspector to 

support its weight.  

5 Conclusions  

The inspection of components covered with ferromagnetic jackets like galvanized steel is a challenge 

for conventional PEC systems, as the galvanized steel adversely 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. In this paper, we presented a novel GS-specialized probe that mitigates 

these problems. This novel, patent-pending probe design is based on magnets placed near the PEC 

magnetic sensors. The magnets saturate the GS jacket, reducing its effective magnetic permeability. 

The sizing of defects covered by insulation and GS jacket is significantly improved compared to 

conventional probe designs. 
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