Figure 3 shows a cross section of a schematic MFL pig
magnetizer. The magnetic field for MFL inspection is estab-
lished in the pipe wall between brushes. The pipe wall regions
ahead of the pig and behind it are at a magnetic state of lower
intensity than the zone between the brushes and the greatest
gradient in the magnetic field is found in the transition zones
shown in the figure. In those zones, the field is changing
direction and magnitude, so the magnetic domain movement
produces Barkhausen noise.

/MSITION ZONES
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Figure 3. Cross-section of magnetizer of
typical MFL pig

Because of the high field gradient, the optimum location
for Barkhausen sensors should be near the leading or trailing
edges of the magnetizer.

Barkhausen sensors are typically inductive (wire coils)
with or without cores. Coils have advantages, particularly in the
region near the magnet poles, because they do not experience
saturation from strong bias fields. The coil is inherently “a-c
coupled” and can detect small field variations in the presence of
a strong d-c field component, whereas the d-c field may satu-
rate a solid-state sensor such as a Hall element, rendering it
insensitive to small field changes.

LABORATORY EXPERIMENTS

The primary questions to be answered by laboratory testing
were:

1. Will a DC magnet next to a moving pipe surface gener-
ate a detectable amount of Barkhausen noise and will
that Barkhausen noise vary with surface stress condi-
tion?

2. How will the Barkhausen signal vary with the angle
between magnetic field and detector coil?

3. How will the signal vary with liftoff from the pipe
surface?

4. What will be the effects of relative speed between the
pipe surface and the detector coil?

5. What will be the effect of magnetizer strength on the
signal?

In order to answer those questions, we constructed the test
apparatus shown in Figs. 4 through 6. A converted machinist
lathe was used to rotate a short piece of 8-inch (203-mm) diam-
eter pipe. A DC magnet was placed close to the pipe, supported
on rollers, with the magnet poles approximately 1-2 mm from
the pipe surface. The sensor coil shown in Fig. 6 was mounted
to the upper magnet pole and spring loaded against the pipe
surface.

Figure 4. Laboratory test apparatus and
instrumentation
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Figure 5. Pipe rotator, test specimen
and DC magnet

) Fiure 6. Detector coil

Guidance for planning the coil design and placement on
the MFL pig was provided by finite element modeling carried
out by ROSEN scientists at their Research Center in Germany.
The modeling shows the distribution of magnetic field strength
in the region of the pipe wall adjacent to the magnetizer.
Figure 7 is a color-coded display that shows one magnetizer
section and the magnetic flux density mapped onto the solid
drawing. Note the large region of strong (red) flux between the
poles and the flux reversal (blue) outside the pole tips. Figure 8
is a graph of the field strength in the axial and radial direction
superimposed onto a section drawing of the end of the magnetic
yoke. This figure is for a relatively thin pipe wall (4 mm). The
corresponding curves for heavier (14-mm) wall are shown in
Figure 9. Barkhausen noise is generated when the field changes
either magnitude or direction. For a constant-speed pig, the
temporal gradient will resemble the spatial gradient as long as
the speed is slow enough to avoid eddy current effects.
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Figure 7. Three dimensional model showing
magnetic flux density in color
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Figure 8. Axial and radial magnetic field strengths at
the end of magnetizer pole for light-wall pipe
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Figure 9. Axial and radial magnetic field strengths at
the end of magnetizer pole for heavy-wall pipe

The spatial gradients of the resultant magnetic field were
calculated from the axial and radial data. The results are shown
in Figure 10 for both the light and heavy pipe walls.

Note the gradient peak just outside the end of the yoke for
the light wall. This is the position chosen for our sensor coil.
Note also the larger peak near the inside edge of the yoke with
a corresponding peak in the heavy-wall data. This would be the
ideal optimal Barkhausen location, but it is not physically pos-
sible to locate a sensor there.

Experimental results, both in the laboratory and in pull
testing, validated our choice of sensor location.

Gradients of Resultant Field
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Figure 10. Gradients of magnetic field magnitude

Figure 11 shows the test specimen, which contains a circu-
lar stressed area created with a needle scaler. The peened sur-
face has a compressive residual stress compared with the undis-
turbed pipe surface.

With control of the magnet current and the pipe rotational
speed, we were able to run experiments to answer the four
questions. The compressive stressed area produced a negative
Barkhausen signal as expected. A typical waveform of the
detected and filtered signal is shown in Fig. 12. Behavior with
changes in rotation speed, magnetizer current, liftoff, and detec-
tor coil angle are shown in Figs. 13 through 16, respectively.

Figure 11. Laboratory test specimen
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Figure 12. Typical data from peened specimen
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Figure 13. Effect of scanning speed on
Barkhausen signal
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Figure 14. Effect of magnetizer strength
on Barkhausen signal
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Figure 15. Effect of probe liftoff on Barkhausen signal
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Figure 16. Effect of probe angle on Barkhausen signal

PULL TESTS

After successful completion of the basic studies in the
laboratory, we arranged to make pull tests in a section of line
pipe at the ROSEN USA facility in Houston.

Two joints of 16-inch pipe were purchased for test speci-
mens. Wall thicknesses were 0.188 and 0.375 inch (4.8 and 9.5
mm).

Each SwRI test joint had 11 artifacts installed that could be
detectable either by MFL, Barkhausen, or both. The primary
Barkhausen defects were 2-inch (50-mm) (axial) by 10-inch
(250-mm) (circ) inside-surface stressed areas created by either
peening or quenching. In each case, a 7-inch (178-mm)-diam-
eter access hole was cut into the pipe 180 degrees from the
defect area. For peening, a pneumatic scaler was put into the
pipe and applied to the defect area. For quenching, the defect
area was heated to red hot [1500°F (800°C)] by acetylene torch
from the outside, and a water blast was used to cool the inner
surface to <= 500°F (260°C) in 1 second or less. In addition to
internal defects, several external surface defects were installed

After the internal defects were installed, the coupons cut
from the 7-inch (178-mm) access holes were tack-welded back
into place. Later, on site, the coupons were full-encirclement-
welded to reduce the magnetic anomalies at the holes.

Deployment of Barkhausen sensors in the pipe and on the
outside required amplifier circuits to increase the signal level,
filter out as much of the MFL signal energy as possible, and
detect the radio-frequency signal, which could then be filtered
to reduce the ripple noise. Six circuit boards were built. They
could be used either in single-ended mode or differential.

The pull test line consisted of a 24.74-m assemblage of
five pieces of 16-inch pipe. Figure 17 shows the pipe layout
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e at ROSEN facility

Figure 17. Pull test lin

Two test joints were prepared by SwWRI and sent to the test
site to be installed into the line. Launch and receive trays and
one transition joint before the first test joint were also added.

A farm tractor was used to pull the MFL pig section
through the pipe. Speeds ranged from as slow as practical up to
about 4 m/s. The MFL section had 360-degree coverage with
flux leakage sensors. The Barkhausen sensor(s) were attached
to the magnetizer, as shown in Fig. 18, and electrical connec-
tions brought out to the data acquisition instrument by a three-
cable tag line. Amplification and filtering were provided at the
pig site by circuitry inside a box mounted on the rear of the pig.

The first few days were spent debugging the system and
reducing noise. Samples of detected signals from the heavy-
wall and light-wall pipe specimens are shown in Figs. 19 and
20. For all runs, the separate sensors were recorded and the
difference computed after the run.
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Figure 18. Barkhausen sensor coil attached
to MFL pig magnetic pole
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Figure 20. Light wall specimen

The effects of noise can be reduced by differencing and
filtering. For example, if a moving average filter is used on the
arithmetic difference between the two sensors, one can reduce
the waveforms to those combined in Fig. 21. Here, the defects
can be clearly seen. Repeatability was tested by comparing to
another run with all parameters unchanged. That result is shown
in Fig. 22. Note the good repeatability.

Run 008 - 7-09-03
Difference Signal

Figure 21. Detected and filtered output from
both test specimens

Figure 22. Repeatability run

FINDINGS AND RECOMMENDATIONS

Pipeline assessment methods require information about the
pipe material properties as well as information about local
anomalies like metal loss, dents or gouges. ILI methods typi-
cally report only the latter, the local geometric change of the
pipeline.

Another parameter which is hard to obtain with current
methods is the applied and intrinsic stress in a pipeline. In the
case of settlement due to coal mining, for example, a stress con-
centration can occur away from the incident site at an upstream
or downstream bend or road crossing. Therefore, stress analysis
needs to include the pipeline on a broader scale than only at the
local site. ILI methods monitoring the stress distribution along
the pipeline would be helpful.

The continuous Barkhausen method is sensitive to stress
and material properties of the steel pipeline and can be one
module among others to further characterize the safety-relevant
properties of a pipeline. The application of a Continuous Bark-
hausen Noise sensor to the pipeline will add information about
the pipe material rather than geometry changes occurring in
welds or areas with metal loss caused by corrosion or the manu-
facturing process.

The laboratory and pull test results of this project have
shown that the Continuous Barkhausen method is capable of
detecting local stress anomalies in a pipeline. The simple sensor
was attached to the trailing pole piece of a standard MFL mag-
netizer. Serious attention must be given to signal filtering to
remove MFL signals and other noise since the Barkhausen
signal is small.

The next step in this development will be to add Bark-
hausen sensors and electronics to a commercial MFL pig and
collect data from an operating pipeline. Only then will the prac-
tical signal-to-noise ratio be seen, and only then will in-the-
field prove-up reveal the range of defect types that respond to
these sensors.
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