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ABSTRACT 
Both seamless and welded pipe that has been in use for a period of time develop areas of reduced wall thickness 

during their in-service life.  In oilfield applications, tubing that has been in service on a well using an artificial lift 

system is subject to abrasive sucker rod wear.  For example, holes inadvertently drilled off-perpendicular (crooked) 

are common in some oil fields.  Continual rubbing of the rods moving up and down in the hole against the sides of 

the production tubing wear away large areas of metal which eventually causes failure.  It is necessary to periodically 

remove and test tubing and sucker rods for wall loss.  

Similarly, in making seamless pipe, there are certain inherent wall thickness anomalies and defects associated with 

the manufacturing processes.  By taking advantage of continued improvement in technology and relying on the basic 

principles of magnetism, it is now possible to inspect pipe wall variations by monitoring changes in magnetic flux 

density, rather than magnetic flux leakage, to indicate wall anomalies. 

 

Electromagnetic inspection (EMI) of oil country tubular goods (OCTG) and other ferromagnetic tubular goods has 

been effectively used to search for cracks and flaws on the material’s inside and outside diameter surfaces.    EMI 

induces a magnetic field in the test specimen.  Transducers read a signal created when magnetic flux lines bridge an 

air gap (called magnetic flux leakage) created by a flaw in the specimen.  This method is best used in inspection for 

flaws such as cracks, seams, pits and slugs. 

 

To examine the pipe wall for thickness variances and metal loss, non-destructive testing (NDT) equipment designed 

for these tubular goods has traditionally required the use of additional techniques.   

 

One is directing a rotating beam of radioactive gamma ray through the pipe.  Gamma ray is encumbered with safety 

considerations and regulations because of the health hazards associated with it. And it actually inspects less than 

100% body wall.   Coverage is limited to a “barber pole effect” of examining a narrow, spiraling sample of the pipe 

length as it is conveyed in a straight line through the orbit of the rotating beam. 

 

Another method is rotating pipe under an array of ultrasonic transducers (UT).  UT inspection has characteristically 

required slow throughput speeds to effectively cover 100% of the wall with a specifically designed array of 

transducers.  UT units designed with a series of phased arrays utilize expensive technology, need some type of 

coupling between the probe and pipe, and require a complicated set-up in order to inspect the pipe as it rotates.   

 

BACKGROUND 
The timely convergence of technologies in measuring the wall thickness makes use of the pipe’s longitudinal 

magnetic field, Hall effect device and modern digital processing.  

 1820 - Hans Christian Oersted discovered that an electric current flowing through a wire generates a 

magnetic field of flux lines. The field exists in circular form around the wire and the intensity of the field 

is directly proportional to the amount of current carried by the wire. The strength of the field is strongest 

close to the wire and diminishes with distance from the conductor until it can no longer be detected. 

 1879 - The Hall effect was discovered by Edwin Hall.  His discovery was an excess surface electrical 

charge on electrically magnetized material.  This charge is known as the Hall voltage. The modern Hall 

effect device is a solid-state transducer that is very stable and has a high sensitivity to flux changes.   

 2005 - Digital processing improves at such a fast rate that products are often one or more generations 

behind by the time they are offered to the public.   



Current computer capabilities offering extremely powerful processing at increasingly affordable pricing has brought 

on this new opportunity to incorporate these three elements into an effective wall EMI process.  

DEVELOPMENT 
When a current-carrying-conductor is formed into a loop or several loops to form a coil, a magnetic field develops.  

It flows through the center of the coil along the longitudinal axis and circles back around the outside of the coil. The 

magnetic field circling each loop of wire combines with the fields from the other loops to produce a concentrated 

field down the center of the coil.  The strength of a coil's magnetic field increases not only with increasing current 

but also with each loop that is added to the coil.  A loosely wound coil is illustrated here (Fig. 1) to show the 

interaction of the magnetic field.  The magnetic field is essentially uniform through the center of the coil when it is 

wound tightly.  

The density of the concentrated magnetic field (magnetic flux lines) inside a coil coincides directly to the current 

passing through it.  Because the physical properties of flux lines do not allow them to cross, increasing the current 

also increases the strength of the field by compressing the flux lines within the coil. 

The number of flux lines that can be generated into a given area of space within a coil depends on a several factors: 

1. The size of the coil. 

2. The number of winds of the wire. 

3. The strength of the current. 

Inspecting pipe by measuring flux density does not actually require the pipe within the coil to be 100% saturated.  

But it is necessary for the number of flux lines within the coil remain constant. 

The flux lines within the magnetizing coil are more densely arranged near the coil surface.  This density tends to 

decrease toward the center of the coils. (Fig. 2)  

As the current passes through a wire in a coil, it begins to heat up.  This creates changes in the current that also 

changes the number of flux lines within the coil.    To offset this naturally occurring action requires a constant 

current (CC) power supply that regulates the current being supplied by compensating for load changes. 

To inspect pipe, a controlled current applied to the coil brings the flux line density to the optimum level.  This 

magnetic field is identified with Hall elements.    

Hall elements (Fig. 3) are devices made from semi-conductive material.  When activated by a DC current, they give 

a voltage out that is proportional to the magnetic field passing through them.  The magnetic field exerts a force on 

moving electrons.  As a result, a buildup of charge will occur producing a measurable voltage.  The presence of this 

measurable voltage is called the Hall effect. 

UNIFORM WALL THICKNESS VERIFICATION 
During transportation, storage or handling of new and used OCTG, pipe of the same outside diameter but with 

different wall thicknesses may get mixed together.  Quick and simple identification of the mixed material is 

necessary before the pipe can be put into use.  The safest, fastest and least expensive way to inspect wall thickness is 

with the combination of digital processing changes in the magnetic field detected by Hall effect devices. 

A non-contact inspection ring composed of a series of Hall effect devices is incorporated within the coil to form a 

Hall sensor ring (Fig. 4a).  The electrical output of the Hall sensor is in direct relation to the number of flux lines 

that are passing through it.  The inspection ring is positioned in the magnetic field so that the magnetic flux lines 

intersect the major dimensions of the sensing element to read the density of the horizontal the flux lines (Fig. 4b).  

The inspection ring is divided into quadrants to achieve 100% coverage of the full 360
0
 of the pipe wall.  



When ferromagnetic pipe is positioned within the coil, the flux lines seek the path of least resistance.  A large 

number of flux lines will concentrate in the pipe wall (Fig. 5).  If a pipe of a thicker wall enters the coil, more flux 

lines will flow through the pipe, thus reducing the number of flux lines intersecting the Hall sensors.  In like manor, 

the flux lines intersecting the Hall sensors increase when a thinner wall pipe is inspected.   

During inspection, if a joint of a different wall thickness enters the coil, this will cause a shift in the output voltage 

of the Hall sensors.  The signal created by the intersection of the flux lines and inspection ring creates a measurable 

response or raw signal.  This raw signal is then received, buffered and analyzed in custom computer software 

designed to indicate wall changes found during inspection.  These changes are digitally processed to give a 

numerical value to the change in wall thickness providing an accurate wall size measurement.  

An active screen on the monitor is a real-time representation of the full length of the pipe in a line-graph format.  By 

calibrating on a pipe of known wall thickness or comparing data to a previously stored calibration standard, the 

software is able to verify and identify wall thickness of all joints in the test run.  The lines of the graph track the wall 

thickness to compare this to the established threshold of the acceptable calibration standard (Fig. 6).       

For example, if the test equipment is calibrated on .304” wall thickness, the software will identify the changes that 

are different from the calibrated thickness without any additional operator adjustments. 

ECCENTRICITY WALL THICKNESS MEASUREMENT 
Seamless pipe and tubing, which is created from a billet of solid steel, can have wall variations that result from 

tooling wear, bearing and shaft variation, or normal process errors. Eccentric wall thickness in seamless tubing 

varies along the tube’s length.  The acceptable range of wall thickness variation is developed according to which 

published standard or customer specifications are being applied.  

We have found that when we have tested pipe for eccentric wall thickness, the changes in the pipe wall created 

changes in the flux line distribution (Fig. 7a & 7b).  Even though there has been no cross sectional loss of metal, the 

wall thickness changes create a redistribution of the horizontally aligned flux lines around the diameter of the pipe.  

The two Hall sensors located in the opposite quadrants will record the most perceptible change (Chart 1).  All four 

sensors will record changes.  

The results being recorded in real-time at mill production speeds.  The line on the display monitor tracking the 

variable wall thickness is compared to a calibrated line of acceptable threshold for the pipe being inspected.  When 

the wall thickness falls out of this acceptable level, the tracking line will cross the calibrated line and the pipe will be 

marked with paint near the suspected point.  During the process, a digital copy of the inspection is being recorded 

and stored.  A print of the map of the pipe can be made for final prove-up with a hand-held ultrasonic inspection 

device (Fig. 6). 

LOCALIZED WALL THICKNESS MEASUREMENT 
The origin of volumetric reductions in pipe wall can take place during in-service use or during manufacturing.   In 

the manufacturing stage, the defects may be present in the raw material or may be introduced during the pipe 

processing.  

An in-service use causing a similar type of volume reduction occurs in oilfield applications when pipe is subject to 

abrasive sucker rod wear.  Sucker rods are used with an artificial lift system to pump oil from the ground.  Continual 

rubbing of the rods moving up and down in the hole against the sides of the pipe wear away large areas of metal.  It 

is necessary to periodically remove and test the pipe for metal loss. 

In the seamless manufacturing process, for example, an occurrence of volume reduction happens when a mill slug is 

rolled into the pipe creating an irregular shaped indention (Fig. 8). 

We have found that when pipe with localized wall reduction is inspected using magnetic flux density, the changes in 

the distribution of the flux lines is very defined along the full geometric shape of the anomaly (Fig. 9).  



The four Hall-effect sensors (Fig. 10) each have approximately the same output when an area of tubing with uniform 

nominal wall is passed through the magnetic field within the coil.  However, when the Hall-effect sensors encounter 

an area with metal volume loss (Fig. 11), the impact of the flux distribution is not confined to the immediate vicinity 

of the metal loss.  All four react differently to the area of metal loss.   

For example, if the area of metal loss passes under the series of Hall sensors in quadrant #1, there will be a change in 

voltage from its nominal wall reading.  The metal loss will also have an impact on the other three quadrants. 

The output voltage in quadrant #3, located 180 degrees from #1, will vary the least from its nominal wall reading.  

As the flux lines within the magnetizing coil are repositioned by the presence of the localized wall loss, quadrants #2 

and #4 will also respond with a voltage change but to a lesser degree than quadrant #1.   

The individual reaction of each quadrant of Hall sensors is digitally processed to display on a computer monitor 

which sensor reacted with the maximum change in voltage. This indicates to the operator that this joint has an area 

of wear that may fall below acceptable standards.  Additional prove-up of the suspected area of wall loss can then be 

more specific with the use of a portable ultrasonic wall-thickness measuring tool.   

CONCLUSION 
Measuring the changes in horizontal flux density within the coil to determine wall anomalies is different from 

measuring vertical flux leakage changes used by most EMI systems to detect other types of flaws.  Improvements in 

data processing and Hall element design have lead to this new development.  Digital processing the signal created by 

the movement of flux lines within a magnetizing coil is a step beyond the analog recording of magnetic flux leakage 

in magnetized pipe.   

But none of these improvements are effective without out real-time processing of the data accumulated by custom 

software.  Simple screen presentation of the volume of data collected is important.  The operator can spend more 

time inspecting and less time adjusting and calibrating sensors.     

The process is versatile and can be used while pulling pipe during a well workover, placed in line on a mobile 

inspection unit or installed permanently in a manufacturing facility.  The non-contact sensors eliminate costly shoe 

replacement and downtime.  The digital collection has eliminated the paper chart and its related maintenance and 

supplies.  And, importantly, the legal and safety precaution of the radioactive gamma ray have been eliminated. 

The sensor ring can help identify more precisely which quadrant and location along the length of pipe that the 

anomalies are found and thus make prove-up easier and faster. 

The bottom line quality control aspect of evaluating pipe wall anomalies with magnetic flux density is a larger 

volume of pipe inspected with a high degree of accuracy.   
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