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Executive Summary
Innospection Limited has been approached by ABFAD to conduct a feasibility test into
the possibility of using advanced Eddy Current, to successfully inspect through applied
Fuelvac® multi-layer coatings.
ABFAD supply the Fuelvac® tank lining system to the oil and gas industry, as a surface
corrosion protection system for storage tanks.
Utilising MECTM (Magnetic Eddy Current) an advanced NDT electro-magnetic inspection
technique, this system itself based on the advancement to the original SlofecTM
(Saturation Low Frequency Eddy Current) inspection technique, the test was intended to
ascertain the results that could be obtained from the underside of a carbon steel plate,
when inspecting through a topside layer of applied Fuelvac® coating.
The main purpose into a feasibility test of the MECTM technique on the Fuelvac®
sample, was to investigate if the specific electro-conductive layer found within the liner,
had any significant influence on the Non-Destructive Testing capability of the MECTM
technique to detect defects within a carbon steel sample.
As can be seen within this report; application of Fuelvac® does not interfere with the
quality of the inspection results, obtained with this advanced NDT inspection technique.
All the artificial defects examined under a sample of the applied coating, were resolved
fully in these workshop tests.
In summary this feasibility test has concluded that on Fuelvac® coatings, the MEC™
technique is capable of satisfactory inspection results, through this type of coating for
both topside and underside corrosion detection under similar inspection conditions.
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Test Object
Object Task :

Fuelvac® multi-layered coated carbon steel plate.

Location of Study :

Innospection workshop

Wall Thickness :

10.0mm plate (7.0mm Fuelvac® coating layer)

Figure 1: Fuelvac® Tank Lining System

2.

Overview
ABFAD supplies the patented Fuelvac®, tank lining system to the oil and gas industry,
as a surface corrosion protection system for storage tanks. The lining system consists of
various multi-layers including that of an electro-conductive metallic product.
Innospection has been approached by ABFAD to conduct an independent feasibility test
into the possibility of an advanced Eddy Current inspection technique, being
successfully utilised and performed through a Fuelvac® coating, once its been applied
onto a carbon steel surface.
This document lists the actual trial that has taken place, the results and conclusions that
were observed and made.
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Inspection Technique
The MEC™ system is an advanced Electro-Magnetic Eddy Current NDT (NonDestructive Testing) inspection technique, designed for the fast screening and detection
of corrosion defects found within storage tank-floors, pipes & vessels, located in both
onshore & offshore facilities, at surface level and subsea via ROV deployed methods.
Eddy Currents are defined themselves as small and localised alternating electrical
currents, induced into electro-conductive materials by alternating magnetic fields.
Should the distribution of these induced currents be modified from the effects of any
localised material changes (defects), a change in the electrical impedance across the
coupling magnetic field occurs. These small changes of impedance are measured
electronically and analysed by dedicated computer software, against similar results
obtained from like for like calibration reference standards, this to assess the relevance
of such a change. Eddy Currents flowing in carbon steel materials have a limited
amount of penetration depth; this is due to the ferrous iron content found within the
steel, creating high levels of relative magnetic permeability. This permeability level
effectively limits the penetration of the Eddy Current field, by the creation of a surface
“skin effect”. This effect can be overcome by lowering the applied inspection frequency
onto the Eddy Current inspection coil, and with a further increase in magnetisation to the
material under test, ultimately the Eddy Currents will penetrate deeper.
The MEC™ technique is an advance electro-magnetic inspection method designed for
the detection of surface & subsurface corrosion defects, found within steel with wall
thicknesses of up to 35mm (dependant on the level of magnetic flux created within a
material). The level of magnetic field/flux required can be either that generated from a
permanent or electro-magnetic source. The principle of the MEC™ technique is
illustrated below; a magnetising yoke is required to generate a DC-magnetic field into a
test sample material. In the material sections that are found to be defect free throughout
a wall thickness, uniform and consistent flux density is obtained. When the wall
thickness is then further reduced by the presence of a localised corrosion defect (i.e.
pitting), the flux density is significantly changed locally in that particular area. Eddy
Current sensors are placed between the magnetising poles of the yoke, to observe for
any such changes.

Figure 2: Principle of MEC™
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Task Required
Innospection was tasked to assess the feasibility of obtaining MECTM Eddy Current
inspection results through a Fuelvac® multi-layered applied tank coating.
For this study the surface of a 10.00mm mild carbon steel plate (containing simulated
artificial defects), was entirely covered with a true example of the Fuelvac® coating
(fig.3). Unlike other NDT techniques the MEC™ system does not require the direct
coupling to an inspection surface; hence it can therefore be run with a notable amount
of “lift-off” above a surface under examination. Inspection is found possible through
coatings with thicknesses of up to 20.0mm. Levels of “lift-off” are dependent on the type
of coating material applied to a surface. This applies in its consistent application onto a
surface, and if it’s content consists of any significant electrical-conductive properties.
Various standard coatings like paints and neoprene rubbers are of no concern to this
technique, but when introducing an electro-conductive product into the coating material
(like Fuelvac®), then this strengthens the “skin effect”. By lowering the main Eddy
Current inspection frequency (aided by specially designed low frequency high
penetration sensors) and increasing the level of applied magnetic flux, this issue can
then be overcome.

Figure 3: Feasibility 10.0mm Thick Test Plate
Topside Coated With Fuelvac® & Underside Containing Artificial Defects
Simulated Wall Loss Depths of 20%, 40%, 60% & 80% in Both FBH’s & CBH’s
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Task Required (Continued)

Figure 4: Feasibility 10.0mm Test Plate, (Side View) with 7.0mm Fuelvac® Coating Applied

5.

Inspection Equipment
MECTM Equipment
Eddy Current Instrument (MECTM F-15)

Figure 5: MEC™ F-15 Floor Scanner
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Inspection Equipment (Continued)

Figure 6: MEC™ F-15 Floor Scanner deployed on the Fuelvac® Plate (During the Test)

The Innospection designed and built MEC™ Floor-Scanner (Figs.5/6), consists of a
permanent magnetic and self propelled motorised drive unit. The amount of magnetic
flux strength (output) is variable, controlled via an electronic shunt/keep-plate drive. This
allows for an accurate control to the amount of magnetism allowed to flow through a flat
poleshoe, then ultimately into the floor plates under examination. Between the poleshoe
is a dedicated array of eight Differential Eddy Current sensors, each with an individual
width of 37.5mm. The system connects to a multiplexer hardware unit, and is controlled
via a custom built and designed Innospection inspection/analysis program. The system
operates at 110v-240v AC, and is stepped down to 12-24V electronics at the scanners
head. With its total operational weight being 15.0 Kilograms, the system is modular in its
design and is easily disassembled for transport and in-tank deployment. The smallest
defect size detectable is approximately 3-5mm Ø, measuring topside and underside
defects separately. All results are based on like for like comparative measurements,
taken from a similar material reference test sample, with wall losses measured from
10% & 20% and above, but this is dependent on the plate material quality and
applicable levels of signal to noise ratios.
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MECTM Equipment Setting
Eddy Current inspection is a specific reference NDT technique; the MECTM system is
therefore calibrated using a reference like for like test sample, containing measured
artificial machined and/or natural produced defects. The reference samples used shall
always have the same material properties and thickness as the surface to be inspected.
Where a coating is present on a surface, this coating type and its average thickness
must be simulated on top of the reference sample used, for a true representation of both
“lift-off” height and in establishing the correct inspection settings. This is highly important
where a coating is electro-conductive. The typical type/size of the reference defects
used, are those of flat bottom and/or conical bottom machined holes, having diameters
of 5mm Ø, 10mm Ø & 20mm Ø . These depths of artificial reference defects are typically
machined to values equalling 20%, 40%, 60%, 80% and 100% of the total wall thickness
being examined. For calibration purposes the system is driven over the reference
defects and the inspection channels are individually set as one per each Eddy Current
sensor, to give a sufficient level of inspection sensitivity. For the detection of internal
and external corrosion defects, the Eddy Current signal analysis is done electronically.
The computerised equipment and the software allow the analysis of the signal amplitude
[in div.] and signal phase [in °].

7.

MECTM Equipment Calibration
For underside (pitting) corrosion detection, the Differential mode of Eddy Current is
used. The ideal inspection frequency selected for channels 1-8 on the Fuelvac® coated
sample, was found to be at 5.0 kHz. The Differential channels of all the sensors were
set so that the response received from the underside defects, was indicated by an
impedance plane response in a vertical phase direction (as shown below in Fig.7). By
moving the scanner in the forward direction over the floor-plate, the internal defect
signals gave a response peaking downwards first; this followed by a second upward
further response as the opposition wound differential coils, responded accordingly to the
impedance changes. The signal was then further processed through an intercepting
electronically generated colour result palette.

Figure 7: Indication Intercepting an Internal Colour Palette
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Result Overview
This feasibility study was performed in accordance with the Innospection technical
procedure:-“Inno-TMECTNK-001-15”. Below is the optimum result that was viewed from
within the inspection software, taken from one of the live scans of the Fuelvac® coated
10.0mm reference plate. The floor-scanner was moved in a controlled manner over the
coated topside surface of the plate. The plate’s underside surface contained eight
individual artificial defects, these machined with a 10mm Ø, these holes consisting of
both flat & conical bottoms (as seen in Fig.3). Both types of holes machined have
graduating amounts of wall losses from 20%, 40%, 60% & 80%. The target was to align
these holes directly with the Eddy Current sensors 4 & 5, then adjust the instrument
settings and magnetic filed strength settings accordingly. During multiple passes of the
scanner over the test plate, an optimal response from the underside plate defects was
finally established at an inspection frequency of 5.0 kHz. With these settings the eight
underside defects became clearly resolvable within the inspection software; this can be
seen below on the timeline of the X-Y graph, where the individual signal amplitudes
clearly intercept the colour palette.

Signal Impedance Windows

X-Y Real Time Graph
Underside Artificial Defect
Signals Seen Over Eddy
Current Sensors 4 &5
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Summary
As can be clearly seen from the section 8.0 results, the application of a Fuelvac® tank
liner adhered to a carbon steel plate surface, did not interfere or hinder with the quality
of the MEC™ underside inspection results.
All the sample defects were located and resolved fully on the underside of the 10.00mm
thick carbon steel plate, where a 7.00mm Fuelvac® coating was successfully penetrated
through from the topside surface. No significant influence was observed from this
particular thickness of coating with the MEC™ technique, other than that of the
expected direct “lift-off” effect, a required increase to the magnet field strength of the
inspection technique, and a lower inspection frequency selected to counter act skin
effect.
Any field inspections carried out by this technique on such coatings, would require a
dedicated calibration reference sample producing, of the correct material type/wallthickness, and a simulated correct level of applied coating thickness, for the setup/calibration and reference during an inspection.
In summary this feasibility test has concluded that on a 7.00mm Fuelvac® coating, the
MEC™ technique is capable of satisfactory inspection results, this for both topside and
underside corrosion detection under similar inspection conditions.
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