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ABSTRACT

Magnetic proximity detection systems (PDSs) are used with
continuous mining machines (CMMs) to protect miners from striking
and pinning accidents. Generators are used in a PDS to create
magnetic fields covering the space around a CMM. The PDS
determines the proximity of a miner relative to the CMM based on the
magnetic flux density detected by a miner-wearable component (MWC)
and simultaneously alerts the miner and stops the motion of the CMM
if the miner is within a proximity that creates a striking hazard. A stable
magnetic field is essential to the accuracy of the proximity calculations
performed by the PDS. This paper presents the results of a systematic
study of the magnetic influence of two types of steel structures found
near a CMM—the body of the CMM itself and the wire mesh used for
roof and rib control. The results show that the steel of the CMM body
can change the magnetic field distribution and also alter electrical
parameters of a PDS by changing its generator current. The study also
shows that, depending on the distance between the wire mesh and a
generator, the magnetic field can also be altered.

INTRODUCTION

Continuous mining machines (CMMs) can be up to 10 m (33’) in
length and more than 3 m (10’) in width. These machines perform the
coal cutting operations in underground room-and-pillar coal mines.
Accidents during CMM operation accounts for an average of 250
injuries every year, and 43 miners have been killed by striking or
pinning accidents involving CMMs in the United States from 1984 to
2015.

Because of these fatalities and injuries, the Mine Safety and
Health Administration (MSHA) promulgated a regulation in 2015 that
requires the use of proximity detection systems (PDSs) on all CMMs
with the exception of full-face machines (Mine Safety and Health
Administration, 2015). Currently, there are five different proximity
detection systems that MSHA has approved as permissible for use in
U.S. underground coal mines (Mine Safety and Health Administration,
2013). All of these PDSs rely on a miner-wearable component (MWC)
to detect the generated magnetic fields that PDSs produce around a
CMM (Schiffbauer, 2002). These systems use the magnetic field
strength readings in terms of magnetic flux density from the MWC to
determine whether a miner is at a safe distance from the CMM. A
stable magnetic field is essential for the accuracy of a PDS.

However, it is a fact that metallic objects entering a magnetic field
cause distortion and changes in that field’s distribution. When a PDS is
installed on a CMM, the systems are calibrated and compensation for
the mass of the CMM itself is achieved. As long as no physical
changes occur, the PDS provides a consistent response to the CMM
operator, thus training the operator where safe and non-safe areas are
relative to the CMM for advoiding striking and pinning accidents. If
physical changes occur, such as changes in generator position or
location, addition of a steel structure near the generator, or the
presence of mine mesh for roof and rib control, the magnetic field
distribution produced by the PDS will be altered. This can cause
locational variance in the warning and stop zones around the CMM.

METHOD

The method used in this study makes a systematical comparison
of magnetic field distributions obtained with and without the presence
of a CMM and wire mesh. The magnetic field created by a generator
covers a 3D spatial volume around the generator. This paper focuses
on the comparison of the field distributions on a horizontal plane, and
provides the data for a basic understanding of the influence of the steel
body of a CMM in the presence of a mesh on the magnetic field.

Researchers from National Institute for Occupational Safety and
Health (NIOSH) previously determined a shell function (in Equation 1
below) that describes the magnetic field in air around a generator with
no metal mass nearby (Carr et al., 2010; Jobes et al., 2010; Li et al.,
2012; Li et al., 2013a). In Equation 1, p denotes radial distance from
the generator center to a point on the shell; a, the shape parameter,
describes shape variation from a circular shell of radius b; a is the
angle of the ray from the generator center to the measurement point on
the shell as shown in Figure 1. A shell represents the magnetic field
distribution pattern, and is a collection of points measured with a given
magnetic flux density, B. For each value of B, there is a unique shell. In
an environment composed of a substance, such as air, having the
same permeability throughout, the greater a B is, the smaller the shell
will be and the closer the shell is to the generator.

p=acos(2a)+b 1)

Because of the uniqueness of a shell for a given B under given
conditions, the effect of a change in conditions on the magnetic field
distribution can be quantitatively determined by comparing the shells
for a given value of B. This paper presents a comparison of shells with
and without the presence of a CMM and wire mesh.

Previously, NIOSH researchers used this method to identify the
influence of coal and rock on the magnetic field distribution of proximity
detection systems; it was concluded that the influence was insignificant
(Li et al., 2013b). The method was also used to quantify the influence
of a large steel plate on the magnetic field distribution of a proximity
detection system; it was concluded that the plate had a significant
influence on the magnetic field distribution (Li et al., 2017).
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Figure 1. Point on a magnetic shell with the magnetic flux density
measurement, B.
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It is known that the magnetic flux density B is directly proportional
to the current. To prevent fluctuation of B due to a current fluctuation
caused by external environmental factors, the current to the generator
is controlled to keep it the same value throughout this study.

EXPERIMENTAL RESULTS

Instrumentation

Figure 2 shows the principle block diagram of the instrumentation
used in this experiment. In the diagram, the signal generator provides
a 73.6-kHz signal that feeds to the RF amplifier. The amplifier provides
a current sufficient to drive the generator and produce the desired
magnetic field. The current flowing through the generator is measured
by the current probe, and monitored with a Fluke 125 multimeter. Not
shown on the figure is an IDR-200 gaussmeter with its measurement
probe.

Figure 3 shows the horizontal plane polar coordinate system and
the generator position on the wooden platform used in this experiment.
It also shows the 3-axial magnetic probe of the IDR-200. The meter
provides a vector-sum magnetic flux density reading in milliGauss
(mG) at any giving point on the coordinate system.

Signal generator, 73.6 kHz| RF amplifier,
Agilent 33220A E&I 2010L

Current probe
BCP-522

sy

Generator: ferrite core 25.4
mm X 190.5 mm, 36 turns

Multimete: Fluke
125

Figure 2. Instrumentations for magnetic field generation.
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Figure 3. The setup for the plane coordinate system, generator
and magnetic probe.

The same instrumentation was used for all of the experiments in
this study. Several hundreds of points were measured in different
locations to obtain a field distribution covering an area of 0.9 m Xx
2.4m.

Experimental setups

There were three setups in this study: in the first, the system was
positioned with no metal body nearby; the second setup positioned the
system close to a CMM with no wire mesh present (Figure 4); and the
third setup positioned the system between the CMM and a wire mesh
wall in a simulated coal mine entry (Figure 5). The first setup produced
a baseline field distribution with no external metallic influences. The
second setup produced a field with the influence of a CMM only. The
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third setup produced a field with the influence of both the CMM and
wire mesh.

In both the second and third setups, a 6 cm (2.4") gap was set
between the generator and the body of the CMM. The wire mesh is a
15.24 cm (6") square pattern of 4-mm (0.162") steel wire. The
dimensions of the simulated mesh entry are 12.2 m x 5.5 m x 3 m (40’
x 18’ x 10’). The mesh covers the roof and both ribs.

Gaussian meter

Figure 5. The experimental system positioned between the CMM and
the wire mesh rib.

The influence of the CMM, in the absence of mesh on the
magnetic field is illustrated with two sets of half shells in Figure 6,
corresponding to magnetic flux densities of 340 mG and 6.5 mG both
with and without the CMM present.
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Figure 6. Comparison of magnetic field shells with and without the
presence of the CMM.

Figure 6 clearly shows an enlargement of the shells when the
generator was close to the CMM, indicating an enhancement of the
field by the CMM steel body. It also shows that the farther the
measurement is made from the generator (or the smaller the B value),
the greater the enhancement appears. This is due to the fact that the
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magnetic field distribution is highly nonlinear with distance from the
generator.

This is, however, not always the case when a wire mesh is
introduced into the field. The influence of the mesh on the magnetic
field is illustrated in Figures 7 and 8.

Figure 7 shows two sets of magnetic field distribution shells near
the CMM in the space between the CMM and the mesh. The smaller
set of three shells was obtained with a measurement B of 275 mG and
the large set of three shells with 21 mG. Measurements were taken
within an area between the generator and two third of the way to the
mesh. Within this area, there was no discernible influence of the mesh
as compared to the influence of the CMM along. This suggests that
any enhancement of the field due to the mesh is minor in this area.
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Figure 7. Part of magnetic field distribution close to the CMM. The
straight dash line on the top represents the wire mesh. The position of
the mesh wall as it relates to the generator is also illustrated.

Figure 8 provides one shell of the field distribution when a
measurement is closer to the mesh. The figure shows the difference
between the actual field measurements of B = 8.8 mG, indicated by
diamond markers, and the model prediction in a solid curve. The
measurements clearly show a departure from the model when taken
closer to the mesh. The measurements show that the magnetic flux
density can increase rather than decrease as the measurement
approaches very closely to the mesh. This suggests that the mesh
gradually strengthens its influence within 20 cm (approximately 87),
and starts to significantly distort the field near it when closer than 15
cm (approximately 6”) to the wire mesh.
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Figure 8. Comparison of the measured and modeled magnetic fields
between the CMM and the mesh.

The steel of the CMM body and wire mesh can not only change
the magnetic field nearby, but also alter the electrical parameters of the
generator as shown in Table 1. This is due to the fact that steel is one
type of electrical conductor which can serve as a load on the generator
and modify the measured electrical parameters. A change of these
parameters will lead to a change of generator impedance, resulting in a
generator current change and field flux density change if not

SME Annual Meeting
Feb. 25 - 28, 2018, Minneapolis, MN

compensated. Consequently, a location calculated based on a
magnetic density measurement can be affected.

Table 1. Measured generator electrical parameters at f = 73.6 kHz (L:
Inductance, R: Resistance, Q: Quality factor).

Generator
electrical No rz:;e;lbmass 6 cm from CMM Be;vr\]/gerg e(;'t\]/lM
parameters Y
L (uH) 174.18 165.21 164.06
R (Q) 0.4449 1.256 1.094
Q 181.06 60.62 69.32
LIMITATIONS

This study was limited to one laboratory experimental
environment, and the measurements were conducted within a small
area. Additional work may be required in order to acquire more
measurements for an analysis of the influence of CMM and mesh on
an extended space or/and different environment. The method and
measurement results presented in this paper can serve as a reference
for the future study. The following items can be considered for future
work.

This paper presents measurements for the magnetic field
distributions with and without the presence of a CMM and/or wire mesh
on a plane perpendicular to one side of the vertical surfaces of the
CMM. The method can be adapted to any other angles. The results
may be different depending on the particular angle used.

The measurements given in Figure 6 show that the CMM
strengthens the magnetic field in the open space in front of the
generator. The field distribution behind the CMM can be different from
that in front because of a shielding effect caused by the steel body of
the CMM. The measurements and models in the open space in front
may not apply to that behind the CMM. The field behind the CMM
needs to be modeled with the separate measurements.

The enhancement of the magnetic field in front of the generator
can be different on a machine different from a CMM because of its size
and differences in steel electromagnetic properties. The magnetic field
needs to be modeled with the measurements for a given machine. The
measurements, and the model presented in this paper can serve as a
reference, and the method can be adapted for such a study.

As shown in Figure 8, the wire mesh can have a stronger
influence at a closer proximity. This suggests that the mesh can have a
significant influence on the magnetic field far from the generator and
close to the mesh. This also suggests that the influence of the mesh
can cover a much greater space beyond the area covered in this study
because of the large volume of the mesh compared to that of the
generator. The wire mesh can help the magnetic energy propagate
along it for a greater distance than the magnetic field produced by the
generator alone.

The modifications of the electrical parameters under influence of
the steel body of the CMM and mesh can lead to a magnetic field
change. A field change can, in turn, alter the position calculated from
the field measurements. An automated current control system could be
used to stabilize the generator current against electrical parameter
changes. The automated control system can also be incorporated with
other technologies to better handle the influence of wire mesh and
other disturbing factors to improve the system performance of a
proximity detection system given proper approval and testing.

CONCLUSIONS

This paper presents a study of the influence of the steel body of a
CMM and of wire mesh on magnetic field from a proximity detection
system. The mesh was installed on the roof and both ribs in a
simulated coal mine entry. The study’s measurements show that the
steel body of the CMM can enhance the magnetic field in the open
space in front of the PDS generator. The mesh can also enhance the
field in the space close to it. The closer to the mesh and the farther
from the generator, the greater the enhancement. The measurements
also show that the steel body of the CMM and the mesh can alter the
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electrical parameters of the generator. Understanding their influence
on a proximity detection system can lead to improved design and
accuracy of PDSs by minimizing adverse influences. An accurate PDS
can make a CMM safer to operate, which in turn will increase miners
safety.
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