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Abstract. In minesweeping operations, it is difficult to get optimum sweeping width due to
complicated magnetic field distribution. Therefore the main work in thisdissertation isto find amethod
to analyze the characteristics of magnetic field and key factors which can affect minesweeping width.
First, the distribution model of magnetic field is given according to different magnet configurations.
Second, theisomagnetic linesare drawn and disscussed for different components. Finally, the optimum
sweeping width is obtained by the characteristics of isomagnetic lines. The study result shows that
different magnet configurationswill have agreat impact on the effect of mine sweeping. In addition, the
choice of different components will also determine the effect of mine sweeping.

Introduction

It isknown that when the magnetic field of the magnetic minesweeping gear has reached the point
whichis called threshold of mine, the mine can be wiped off. It isrelated to magnetic field strength that
whether the mine fuze is triggered or not[1-2]. However, for a minefield, the magnetic field of the
magnetic minesweeping gear is not uniform, its polarity and magnitude are not the same in different
locations, and even in some locations there may be dead zones [3-7]. Sometimes, athough the
magnetic field isvery large, the mine sweeping width may be small dueto the influence of the dead zone.
For the multi magnet, the final formation of the magnetic field may be enhanced or weakened owing to
the interactions with the parts of magnetic field, and it will result in a corresponding change in the
minesweeping width. Increasing the minesweeping width, reducing the dead zone and improving the
efficiency of mine clearance are important indicators to measure the efficiency of minesweeping
operations, as well as the main basis for the development of minesweeping plan. In this paper, the
magnetic field is studied based on three possible arrangements of magnets. longitudinal, transverse,
vertical. The effect of mine sweeping is analyzed according to distribution of isomagnetic line under
different circumstances.

The magnetic field ditribution models

Combined with actua situation of magnetic minesweeping gear, this paper adopts magnetic dipole
model based on the magnetization of single direction. According to different deployment, the models can
be described as follows:

magnetic field distribution of longitudinal magnetic dipole
Asshownin Fig. 1, the magnetic field generated by longitudinal magnetic dipole located at space
point P(x,Yy,2) is.
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Fig. 1 Coordinates and illustrative chart of magnetic dipole

When linear array pass through from the measuring point, the coordinates y, z remain unchanged
while x changing. The magnetic field T generated at the measuring point will take the maximum value
where X = X . The maximum value of magnetic field can be obtained as follows:

Too =Max{y/HZ + HZ +HZ} = M, ®)

p(y* +7)
magnetic field distribution of transverse magnetic dipole
For transverse magnetic dipole, the distribution of magnetic field issimilar to that of longitudinal
magnetic dipole. The magnetic field of it can be stated as follows:
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In the same way, the maximum value of magnetic field: T, = L
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magnetic field distribution of vertical magnetic dipole
In Fig. 1, if the longitudinal magnetic dipole is replaced by a vertical magnetic dipole, the
magnetic field at the point P (X, y, 2) is:
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The magnetic field T will take the maximum value where x = X :

2
TmaX:max{\/Hj+Hji+Hj}:Lx 1432 5
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Fromtype (2) and (5), it can be seen that magnetic field generated by the vertical magnetic dipoleis
larger than that of the longitudinal magnetic dipole. When the transverse coordinate y and water depth
z isequal, the numerical value of difference is about 1.6 times.

Analysis of |somagnetic Line

longitudinal magnet
Given the following parameters. minesweeping speed v=12kn , sea depth h=10m , mine
sensitivity H, =3mOe . Supose the shortest time required for mine fuze reliable action is 2s,

introducing a single longitudinal magnet whose magnetic moment is 99” 10° Ay’ as the subject, we
can obtain the distribution of isomagnetic line as shown in Fig. 2 and minesweeping width: 58/0m,
62/25m, 38/1m.
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Fig. 2 The isomagnetic line of single longitudinal magnet (H, . H, . H),)

In Fig. 2, the component of the magnetic field H, has 3 magnetic field regions: front, middle, rear.
The front and rear have opposite polarities compared with the middle, and the front can extend far
forward without dead region. We use the front region to sweep mine due to itsgood reliability. For the
component of the magnetic fieldH , there are 4 magnetic field regions that can bring a larger
minesweeping width along with a small dead zone along the center of the minesweeping gear. Unlike
other two components, the component H, has 2 magnetic field regions which have the opposite
polarities, and its minesweeping effect is poor.
transver se magnet

The magnet is placed horizontally and the other parameters of it are not changed. The isomagnetic
line of component (H, , H, andH ) can be obtained as showniin Fig. 3, then the minesweeping width
is 58/0m, 78/7m and 50/8m.
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Fig. 3 Theisomagnetic line of one transversemagnet (H, . H, . H,)

Further analysis reveds that the magnetic componentsof H, andH, are enhanced obviously, and
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the minesweeping width is greatly increased, but the magnetic of H, component is weakened.

vertical magnet

Keeping other parameters constant, we put the magnet vertically. The isomagnetic line of
component (H, , H, andH,) can be obtained asshownin Fig. 4 with the corresponding width: 38/1m,
50/8m and 60/3m.

At this time, the component H, is improved, but the other two components of the magnetic field
are relatively weakened.
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Discussions and Conclusions

The calculation results of the three configurations show that the minesweeping effect of transverse
magnet is the best, followed by that of longitudinal magnet and lastly by that of vertica magnet. In
addition, the magnetic field of each part is influenced by the superposition, it may be enhanced or
weakened, resulting in the corresponding changes in the minesweeping width.

If using component H, to take minesweeping operation, we can put magnets longitudinal cloth,

and make magnetic field polarity opposite to the adjacent magnet, then get lager minesweeping width.
For the other two components H and H,, in order to obtain larger minesweeping width,

the former requiresatransverse arrangement of the magnet with the same polarity to adjacent one, and
the latter requires a longitudinal arrangement of the magnet with the same polarity to adjacent one.
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