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The AMIGO represents the latest in ACFM® topside inspection technology. 
The instrument has all the advantages of ACFM inspection available on other TSC 
instruments, in the smallest, lightest package, with the added benefits of a long battery 
life and support for array probes. 
 
The system provides: 
 
· Rapid scanning using a hand-held probe. 

· Reliable crack detection and sizing (length and depth). 

· Dual frequency option 5kHz (for optimum performance on ferritic steel). 
50kHz (for improved sensitivity on non-ferrous metals). 

· Rugged site unit, IP54 rated. 

· At least 5 hour operation on one fully-charged battery pack, and easy exchange of 
battery packs in the field. 

· Mains-powered battery charger for use with 110 to 240V AC (50 or 60 Hz). 

· Reduced cleaning requirements with no need to clean to bare metal. 

· Capable of inspection through thin metallic coatings, or through non-conducting 
coatings several millimetres thick. 

· Assist software running under Microsoft Windows for ease of operation and 
compatibility with other Windows applications. 

· Full data storage for back-up, off-line view and audit purposes. 

· Access to a wide range of geometries using TSC’s range of active topside probes. 

· Buttons for RUN / STOP and MARKERS on instrument and larger probes to allow 
one man operation in difficult access areas. 

· Probes with embedded serial numbers to simplify operation. 
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BACKGROUND TO ACFM 
Alternating Current Field Measurement (ACFM) is an electromagnetic inspection 
technique and relies on the fact that an alternating current flowing in a component will 
be disturbed by the presence of a crack.  The ACFM probe introduces an electric 
current locally into the structure and measures the associated electromagnetic fields 
close to the surface.  The presence of a defect disturbs the associated fields and the 
information is graphically presented to the system operator.  The ends of a defect are 
easily identified to provide information on defect location and length.  The significance 
of a defect, in terms of structural integrity, generally depends on the depth of the 
defect.  Using mathematical models, the system also provides the depth of the defect, 
thus allowing an immediate evaluation of the significance of the indication. 
 
This is a major advantage compared to other techniques that only give detection or at 
best, length information.  ACFM systems have been used for a range of applications 
where rugged inspection systems are needed.  The speed of scan provides a rapid and 
cost effective means of inspecting welded connections with reduced cleaning 
requirements compared to conventional techniques. 
 
The probes have been developed to minimise signals from features that are not cracks, 
eg corrosion, undercut, HAZ, material property changes, etc, thus overcoming the 
problems often associated with other electromagnetic systems and minimising false 
calls. 
 
The ACFM technique has been approved for weld inspection by major authorities 
around the world, including Lloyds, ABS, Bureau Veritas, DNV and OCB Germanischer 
Lloyd. ACFM is included in standards and recommended practices by bodies such as 
ASTM, ASNT, ASME and COFREND. 
 
 
BACKGROUND TO COMPANY 
Established in 1984, TSC are leaders in the application of ac field measurement 
techniques to industrial applications.  The ACFM technology was developed in-house 
from the long-established ACPD technique to provide a system for crack detection and 
sizing without the need for any electrical contact.  The crack sizing capability results 
from theoretical studies at the Wolfson NDE Centre at University College London, 
which allowed the prediction of crack depth from a knowledge of the surrounding ac 
electromagnetic fields.  The hardware makes use of state of the art low noise analogue 
electronics and the control system has been developed using the very latest Windows 
software techniques.  The result is a system that provides reliable inspection of welded 
structures that has been developed by a Company specialising in structural inspection 
and structural integrity assessment.  TSC are therefore in a unique position and able to 
provide customers with not only the inspection system, but also the back-up in terms of 
procedural development, customisation to suit specific applications and even an 
evaluation of the significance of any defects found. 
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SYSTEM SPECIFICATION 
 
Unit Weight: 4.5kg 

Unit Size: 206 x 292 x 127 mm 

Probe Cable Length: 5 metres standard, up to 50m by special 
request 

 
Serial Communications Cable up to: 30 metres 

Operating Temperature: -20º + 40ºC 

Environment Protection: IP54 rated 

Battery Life: >5 hours continuous operation with array 
probe, >10 hours with a single probe 

Recharge Time: 4 hours  

Array Support: 32 channels standard (i.e. 16 sensor 
pairs) plus position encoder. More 
channels by special request 

 
PROBES 
 
The ACFM probes for use with the Amigo contain the following features 
 
· Standard probes contain concentric, or adjacent, sensors to measure Bx and Bz 

fields simultaneously and a tangential field inducer giving a locally uniform input 
field. 

· Array probes contain up to 32 sensors and up to two orthogonal field inducers. 
· Contain electronics providing signal filtering and pre-amplification, a pic containing a 

unique serial number, and firmware to support optional switches and leds.  
 
 
SOFTWARE 
 
The AMIGO operates with one of TSC's ASSIST suite of software thus providing a 
common operating environment with other ACFM products. This avoids the need for 
operator retraining. 
 
The ASSIST Software contains the following features 
 
· Operates in Windows 2000 operating system or later.  Supporting simultaneous 

running of word processor/spreadsheet package etc, and interface to all common 
printers. 

· Support for USB-RS232 converters and external encoders. 

· Graphical display of processed data for crack detection (timebase Bx and Bz, plus 
butterfly plot for standard probes, plus colour contour C-scan plots for array probes). 

· Ability to plot data against distance as well as time, if an encoder is used. 

· Automated clock markings to indicate position on scan. 

· Variable speed time base to suit application. 

· Scrolling data view for long scans. 

· Automatic fit to screen width of data, with ability to zoom in at any scale. 
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· Screen marker to identify special features. 

· Pause feature to allow temporary pausing of data. 

· Replay facility to review data. 

· Real time adjustment of trace position on screen. 

· Moveable cursors for use during data review. 

· ACFM crack depth calculation and crack size data shown on screen. 

· Free format text input associated with each page of data, with programmable 
buttons for quick insertion of commonly-used text. 

· Multiple page facility in a single file. 

· Automated back up of data onto hard disk. 

· Full system status reports for checking hardware. 

· Graphical print out of data screens, including data plots, notes, defect results, all 
instrument settings and alert if any settings are different to factory-set ones. 

· Support for merging together pages of data from pick-and-place array probes. 

· Support for displaying data from multiple array probes. 

· Data transfer into standard spreadsheets, using csv format. 

· Automated set-up of probe-dependent instrument settings. 

· Allows off-line review and analysis of data as originally collected. 

· Crack depth sizing over a wide range of coating thickness’. 

· Operating procedures and software user manuals available in on-line Windows help 
files. 

 

OPERATOR TRAINING 
 
Lloyds/SNT-TC-1A, PCN or CSWIP Accredited Operator training courses are held at 
various centres in the United Kingdom or overseas.   Details on request. 
 
ENQUIRIES 
 
Sales and Technical Enquiries: TSC Inspection Systems 

6 Mill Square, Featherstone Road 
Wolverton Mill, Milton Keynes  MK12 5RB 
UNITED KINGDOM 

 Tel No:   + 44 (0) 1908 317444 
 Fax No:  + 44 (0) 1908 220959 
 Email:     sales@tscinspectionsystems.com 
 Web:       www.tscinspectionsystems.com 

 
® ACFM is a registered trade mark of Technical Software Consultants Limited 
 
Please Note: As part of its continuing programme of product improvement, TSC 

reserve the right to alter specification without prior notice. 
 

mailto:sales@tscinspectionsystems.com
http://www.tscinspectionsystems.com
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INTRODUCTION 

Whilst pigging techniques are being developed to locate and size Stress Corrosion Cracking (SCC) in pipelines, the 
industry still relies heavily on manual inspection of the pipe at discrete locations to identify cracking. This normally 
entails excavating sections of the pipeline, removing the protective coatings and inspecting with Magnetic Particle 
Testing (MT) to locate and assess the SCC area then using incremental grinding to determine the depth. 

Alternating Current Field Measurement Testing (ACFMT) is a non contacting electromagnetic technique normally 
used for detecting and sizing flaws in welds but has also been found to be able to detect clusters of SCC through 
coatings. The technique can operate through coatings and provide an estimate of defect depth. 

Sample sections recovered from pipelines containing SCC were examined using an ACFMT array probe and 
provided good correlation in identifying and localizing the SCC indications. 

The equipment was then taken out to dig sites in Canada where it was used alongside MT on exposed sections of 
pipeline both through coating and on bare metal. The correlation with MT results was excellent and the equipment 
proved robust in field use. 

To date, models for crack depth sizing on SCC are in their infancy and more work is planned to evaluate the depth 
sizing predicted by ACFMT. 

PIPELINE SCC 

Stress Corrosion Cracking (SCC) has been an integrity threat to commodity pipelines since the 1960’s.  Cracks can 
develop on buried pipelines when ground water comes in contact with the steel pipe surface beneath patches of 
separated or damaged pipe coating.  Typically cracks begin as microscopic fissures that form in colonies containing 
numerous short, axially-oriented cracks.  Over years of service cracks can extend by joining with their neighbors and 
infrequently cracks can attain sufficient size to cause product leakage or rupture.   

The principle method to determine whether SCC exists on a line is by performing manual inspection.  This involves 
excavating the pipeline at selected locations, removing the separated coating and cleaning the pipe surface.  Because 
cracks are not visible to the unaided eye until they attain advanced stages of development, detection requires either a 
technique that renders the cracks visible or some form of indirect detection.  Historically the preferred technique has 
been magnetic particle inspection (MT) and due to small indication size and the need for photo-documentation either 
a wet fluorescent or wet color-contrasting technique has been used.   

While MT is a very effective inspection technique its field use can be costly when one considers the standby time of 
other trades while the MT inspection and documentation is in progress.   It was for this reason that TransCanada 
began to investigate more cost-effective inspection techniques.  In a 2003 study various current technologies were 
assessed for their potential both to detect cracks through pipe coatings and for their inspection speed relative to that 



of MT.  The study concluded that ACFMT had the greatest potential for application given its advanced state of 
development and commercial availability.   

ACFMT 

ACFMT is an electromagnetic technique for detecting and sizing flaws breaking the inspection surface of both 
ferrous and non-ferrous metals and alloys. It operates using a hand held probe which induces a locally uniform AC 
field into the test surface. This field flows in a thin skin in the surface of the material and is disturbed by the 
presence of surface breaking defects. These changes are detected by two sensors mounted in the probe which 
measure the magnetic field strength in two orthogonal directions. One sensor, termed the Bx sensor, measures the 
reduction in flux density around the center of the crack which is predominantly caused by the defect's depth and the 
other sensor, termed the Bz sensor, produces a response due to the curvature of the currents flowing around the ends 
of the defect. This sensor indicates the position of the defect ends and hence the surface length can be determined. 

The ACFMT equipment is computer controlled and all inspection data is recorded for further investigation or for 
audit purposes. 

Its conventional application is for the detection and characterization of fatigue cracks in and around welded joints. 
Mathematical models of the field interaction with the cracks enable the crack length and depth to be predicted. This 
mathematical model is based on a defect morphology that is semi-elliptical in shape, the most common shape in 
fatigue induced cracks. It should be noted that the crack model is not limited to a fixed aspect ratio but the largest 
depth that can be determined is usually half of the crack length measurement. As a crack morphology moves further 
and further away from this shape, the more error will be introduced in the size prediction. Historically when 
ACFMT as been applied to applications where the defect shape deviates from semi-ellipses, such as in certain forms 
of rail head cracking, modifications to the model have been produced based on results from destructively measured 
crack samples. 

The ACFMT system is capable of inspecting through non-conductive coatings of up to 5mm thick. There is a 
reduction in sensitivity to shallow defects as the coating thickness increases and it is usual to determine the 
compromise between maximum coating thickness and minimum defect size. 

LABORATORY TESTING 

TransCanada supplied five samples of pipe that had been cut out from service pipe due to the presence of SCC and 
were deemed to contain examples of SCC commonly found in the field. Several colonies of cracks were visible; 
many of which had previously been marked with an identifying number. These numbers were used to correlate the 
defect areas on the plates with indications in the ACFMT data. The plates were inspected in received condition 
without any cleaning or demagnetization. 

The ACFMT equipment 

Whereas the standard ACFMT probes are suitable for inspecting along weld toes, they do have a limited width of 
inspection. Since the pipe samples required significant areas to be covered a probe that contained an array of 
ACFMT sensors was used. This enabled a much wider inspection zone to be covered with each pass of the probe. 
Figure 1 shows the equipment used. The probe contained eight rows of Bx and Bz sensors which covered a strip of 
approximately 50mm per scan.  In addition, an encoder was built into the probe to enable scanned distances to be 
automatically recorded with the ACFMT data. 

 



 

Figure 1. ACFMT equipment used and probe deployed on a pipe sample. 

 

The samples were inspected using overlapping horizontal scans across the width of the sample. To aid in consistent 
placement of the probe, an acetate sheet was marked with a grid, 40mm spacing in the vertical axis and 100mm 
spacing in the horizontal. The sheet was attached to the plate to be inspected and the probe was scanned over the 
plate using the lines as a reference and markers were placed in the data to correspond with the 100mm lines. This 
enabled easier defect area matching. The array probe was set to take data at a 1.9mm resolution. 

Each plate was initially inspected using ACFMT. The equipment software was capable of displaying the ACFMT 
data in several forms, including line traces with one colored line per sensor, but the view most useful for this 
application was a 2D representation false color map. The images to the right in Figure 2 demonstrates such a map 
where green indicates a background or nominal signal level, red denotes an increased signal level and blue denotes a 
lowering of the signal level. A defect is located centrally in the trace and is indicated by red and blue poles in the 
lower Bz plot, corresponding with the defect ends, and a blue area in the Bx plot which is an indicator to the depth 
of the defect. 

 

Figure 2. ACFMT displays – line traces and false color maps. 



 

An attempt was then made to match the marked areas on the plates to defect indications in the ACFMT traces. 
Where the defects on the plates were visually unclear, black ink MT was used to highlight the defects and the defect 
pattern was drawn or photographed for each area. In areas where the ACFMT showed defect indications but there 
was no corresponding marked area on the plate, the region was again MT’d and another identifier added where a 
new defect was observed. Length and depth sizes were produced mainly for the largest or most predominant feature 
in a crack cluster. 

Test sample results 

The ACFMT system was shown to be capable of detecting stress corrosion cracking clusters on all of the plates. The 
areas noted in the ACFMT results compared well with the areas detected with visual and MT inspection and it was 
often possible to match individual visual defects within areas to those in the ACFMT data. 

ACFMT does not have the same resolution as optical techniques, and so often coalesces several small defects into a 
single response, however if there is a dominant defect in any cluster, it is usually show with a clear signal. It was 
also noted that areas containing multiple defects often showed multiple signals in the ACFMT traces even if they 
could not always be resolved. 

 
Figure 3. False color Bz ACFMT data overlaid with visual indication zones. 

 

Figure 4. Visual indications in and around zone 2. 
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When considering the regions on the plates there is the question of what marks the extent of a cluster of defects and 
where one region is distinct or merges into a neighbour. In these cases the distinctions become somewhat subjective. 
In practise it is unlikely that the operator would analyse each indication in detail. It is more likely that the operator 
would log the crack cluster areas, and extent, and report the largest indication within a predefined area.  

The length sizes predicted by ACFMT usually matched well with those measured optically. Differences usually 
arose when defects were intermittent. It was not possible at this stage to determine the accuracy of the depth sizes 
that were predicted by ACFMT on the defects due to the fact that no categorization values were available. The 
sizing model was formulated for fatigue cracks and is based around the magnetic field deviations produced from 
isolated flaws. It is anticipated that there would be some error when comparing ACFMT depth predictions to 
characterized depths due to the proximity of neighboring cracks and that this error would be greatest on the plates 
where the regions are composed of large areas of tiny parallel cracks. 

SITE TESTS 

TransCanada invited a representative from TSC to attend a series of buried pipeline digs in Ontario, Canada. The 
aims of the visit were to demonstrate typical conditions that are experienced at the dig sites, review the obstacles and 
opportunities for the use of ACFMT and to try the use of standard ACFMT equipment to detect SCC at the dig 
locations. 

The dig sites had been selected from analysis of pigging data that had identified locations where surface-breaking 
SCC was indicated. An inspection team, provided by Canspec Group, was also in attendance to provide MT 
corroboration. 

Standard dig practice was followed whereby the pipe location requiring inspection was staked, then a trench was 
dug to expose the pipe and the welds to the adjacent sections. The girth and longseam pipe welds were used as a 
local datum for reference to the pig data anomaly positions and enabled the precise position of these called 
anomalies to be marked on the pipe. Current inspection requires that the pipe surface is cleaned, painted with MT 
contrast paint, inspected using MT ink and blasted to remove MT deposits before application of the new field-
applied epoxy coating. During inspection of the pipe for cracks the excavation and pipe cleaning crews are on 
standby until inspection and documentation is complete.  This has associated time and cost implications. 

 

 

Figure 5. Pipeline section being exposed. 



At the excavation location the pipe coating consisted of a field-applied polyethylene tape.  The coating thickness 
was less than 1mm (0.04") thick except at coating wrinkles or where "tenting" was present over the weld caps.  
Initially the ACFMT inspections were carried out through the coating.  Where the tape wrap was removed, the 
surface condition varied from a smooth mill finish to rough, hard, granular corrosion products which made scanning 
difficult. This deposit could be removed by light grinding or a thin acetate sheet was placed over the area before 
scanning with an ACFMT probe. 

 

   

Figure 6. ACFMT inspection on pipe and marked indication areas along wrap seam. 

 
ACFMT was deployed using a similar method as that used for the laboratory samples: a standard pencil probe 

was used along the weld toes and an array probe was used on the bulk of the pipe surface. The areas to be scanned 
were obtained from the pig data and marked out onto the pipe. In some instances an acetate sheet marked into a grid 
was fixed to the pipe and the array scanned over it with the operator using the lines as scanning guides. In places 
where the coating was in poor condition, it was removed before any testing was carried out. In these instances a grid 
was drawn directly onto the pipe surface. 

After the ACFMT inspection had taken place, any coating was removed and the surface prepared for MT inspection 

Several crack colonies were recorded using ACFMT. In every case where ACFMT indicated the presence of crack 
colonies (often inspecting through the coating) this was confirmed by MT inspection at these locations. At one 
particular site the largest indication in the colony was sized as 6mm long and <1.1mm deep with ACFMT. The same 
area was then ground and the pipe thickness measured before and after to give an indication of depth. The grinding 
required to remove the defect indications was measured to be approximately 0.5mm. 

CONCLUSIONS 

The dig sites in general proved to be challenging for both operators and equipment. These sites were often wet and 
extremely muddy. The lowest temperature experienced was approximately -10°C in snowy conditions, however -
40°C is not uncommon at certain locations and times of year. The ACFMT equipment functioned correctly at all 
times. 

The fact that ACFMT can be used through a coating in reasonable condition indicates the potential for inspection 
without meticulous prior surface cleaning, an advantage over MT inspection.  ACFMT inspection does not require 
contrast paint and does not produce a residue so it could be used before or after coating removal and only one 
surface blasting operation would be required.  



The ACFMT system demonstrated its potential for longseam weld toe crack inspection.  Compared to MT, which 
often requires surface conditioning (light grinding) before crack indications can be confirmed, the ACFMT 
inspection was performed without any conditioning and was conducted in a fraction of the time required by MT.   

There is also potential for ACFMT to provide crack depth sizing.  On one area of cracking ACFMT predicted a 
depth of <1.1mm.  During subsequent progressive grinding the actual maximum depth was determined to be 0.5mm 
deep.  While the sizing algorithm used during the trial was based on a fatigue crack geometry, development of SCC 
algorithms could offer the prospect of ACFMT providing depth sizing information which would greatly improve the 
ability to classify SCC as to its severity and likely impact on pipeline integrity. 

Based on the field trial, it was concluded that ACFMT continues to be a highly promising technique for the 
detection and possible sizing of pipeline SCC.  Further work would be necessary to customize pipe geometry hand 
sets to enable rapid inspection of the pipe circumference, and to assess and develop its depth sizing capability. 
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The new instrument represents a significant advance in a.c. potential drop 
(ACPD) inspection and monitoring technology and is suitable for single 
channel or multi-channel operation. 

TSC staff have worked with ACPD for over 30 years, and the new instrument 
builds on previous ACPD instruments such as the U7, U8, U9 and U10, but in 
a smaller, lighter, more rugged package. In particular the use of solid state 
electronics provides significant benefits over earlier models. 

The probes and instrument have been developed to minimise spurious 
signals from induction effects leading to more reliable and repeatable 
measurements. 

The hardware developments make use of state of the art low noise analogue 
electronics and the control system has been developed using the very latest 
Windows software techniques. 

The system provides: 

· On site crack depth profile measurement using a hand-held probe. 

· Long-term crack growth monitoring using multiple fixed or movable array 
probes. 

· Rugged unit, IP54 rated. 

· Windows software for ease of operation and compatibility with other 
Windows applications. 

· Full data storage for back-up, off-line view and audit purposes. 
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SYSTEM SPECIFICATION 

Unit Weight: 10kg 
Unit Size: 360 x 290 x 165 mm 
Cable Length: 3 metres standard. 

Serial Communications Cable up to: 30 metres 
Operating Temperature: -20º + 40ºC 
Environment Protection: IP54 rated 
Array Support: up to 64 channels (i.e. 32 depth 

measurements) in groups of 16 

Power Supply 110-120VAC or 220-240VAC mains 
(user to specify) 

 

SOFTWARE 

The Mk IV operates with TSC's APT software which contains the following 
features 

· Operates in Windows 2000, XP or Vista environment.  

· Independent scheduling of data collection for multiple crack sites 

· Graphics display of data for crack depth profile, crack growth rate and 
probe voltages. 

· Full control of data sets in view, including zooming in to areas of interest.  

· Automated storage of data onto hard disk. 

· Full system status reports for checking hardware. 

· Alarms available to trigger on crack depth or voltages. 

· Data export to Windows Excel spreadsheets. 

· Allows off-line review and analysis of data as originally collected. 

· Operating procedure available in on-line Windows help file. 

Re-usable sealed ACPD array probe 
with magnetic attachments 
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(not actual colours - screenshot below is a negative image for clarity) 

 

 

AVAILABILITY 

The Mk IV Portable ACPD Crack Microgauge is available from TSC worldwide 
through our network of agents and distributors.  Details of these can be found 
on our website 

ENQUIRIES 

Sales and Technical 
Enquiries: 

TSC Inspection Systems 
6 Mill Square, Featherstone Road 
Wolverton Mill, Milton Keynes  MK12 5RB 
UNITED KINGDOM 

 Tel No:   + 44 (0) 1908 317444 
 Fax No:  + 44 (0) 1908 220959 
 Email:     sales@tscinspectionsystems.com 
 Web:       www.tscinspectionsystems.com 
Please Note: As part of its continuing programme of product improvement, 

TSC reserve the right to alter specification without prior 
notice. 

TSC Inspection Systems is a trading name of Technical Software Consultants Ltd. 
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BACKGROUND TO ACPD 
Alternating Current Potential Drop (ACFM) is an electromagnetic crack sizing 
technique and relies on the fact that an alternating current flowing in a thin 
skin on the surface of a component will be disturbed by the presence of a 
crack.  A current is injected (or sometimes induced) into the component in 
such a way as to flow perpendicularly across the crack. A series of voltage 
measurements are then taken both across and adjacent to the crack, using 
either a single moveable probe (for on-site inspection) or a series of fixed 
probes (for monitoring). The ratio between the voltages measured across the 
crack and adjacent to it can be related to the extra path length taken by the 
current around the crack faces, from which the crack depth can be calculated.  

Using an alternating, rather than direct, current, means that the currents are 
concentrated in a thin layer at the specimen surface. One advantage of this is 
that much lower currents are required so there is no complication arising from 
the specimen heating up. Another advantage is that the 2D nature of the 
electric fields allows theoretical modelling of the current flows, even over 
complex structures, which results in improved depth sizing accuracy.  

 

BACKGROUND TO COMPANY 
Established in 1984, TSC are leaders in the application of ac field 
measurement techniques to industrial applications.  Advances in ACPD 
technology were made by TSC staff, working at University College London in 
the early 1980’s. The crack sizing accuracy was also improved by theoretical 
studies at the same time.  TSC staff also include mechanical and civil 
engineers specialising in structural inspection and structural integrity 
assessment.  TSC are therefore in a unique position to understand their 
customers’ needs and provide the complete solution.  


