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1. Introduction

Reducing a vessel's magnetic signature is critical for evading naval mines and
detecting them by maritime systems. This signature primarily stems from the
ferromagnetic hull, eddy currents, and electrical systems, with the
ferromagnetic hull being the dominant factor, contributing both induced and
permanent magnetization. Induced magnetization varies with vessel
orientation, while permanent magnetization arises from residual magnetism
after mechanical stress and changes slowly. Deperming is removing this
permanent magnetization, typically using methods like Closed Wrap, Drive-
in, or Overrun. This study focuses on the Drive-in method, employing
Helmholtz coils, a solenoid, and magnetic sensors. The Deperm-ME current
profile is preferred for its effectiveness with non-linear magnetic properties.
Previous challenges include accurately separating permanent and induced
signatures and a lack of focus on demagnetizing steel sheets. This research
aims to design and build a laboratory setup for evaluating the deperming
process, specifically focusing on precise magnetic signature measurement and
effective Deperm-ME application on both a hollow steel cylinder and a sheet

of ST37 steel.

2. Methodology
A laboratory setup, inspired by the Drive-in method, was designed and
constructed to assess deperming and accurately measure magnetic signatures.
It integrates Helmholtz coils, a solenoid, and a linear array of magnetic
sensors. Aligned north-south to simplify the system and reduce costs, this
orientation allows for the cancellation of transverse magnetic fields,
necessitating only vertical (z-axis) and longitudinal (x-axis) Helmholtz coils.
This design enhances the accuracy of permanent magnetic signature
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measurements by eliminating induced magnetization from Earth's magnetic
field.

The Earth's magnetic field simulator was modeled in 3D using COMSOL
Multiphysics, measuring 2 x 0.88 x 0.59 cubic meters. It utilized two pairs of
longitudinal Helmholtz coils (inner and outer) and one pair of vertical coils to
cancel Earth's Bx and B, components, respectively, while the north-south
alignment naturally handled By. Simulations demonstrated approximately 5%
non-uniformity for By and B, within 1.3 meters of the simulator's center. The
simulator frame, constructed from non-magnetic 6000-series aluminum alloy,
showed good agreement with simulation results when validated with a
Bartington fluxgate 4 vector magnetic sensor.

For deperming, a 1.5-meter long, 25-cm diameter, 720-turn solenoid was
designed and fabricated. COMSOL simulations of this solenoid confirmed its
uniform magnetic field along approximately 1 meter of its axis, reaching about
0.59 milliTesla at 1 Ampere. The solenoid was built using a non-magnetic
aluminum cylindrical shell with insulated copper wire windings.

ST37 steel samples, a hollow cylinder (1m x 24cm OD x 4mm thickness) and
a sheet (Im x 20cm x 4mm thickness), were prepared. ST37 is a widely used
low-carbon, high-strength steel in marine and construction applications,
including submarine hulls. A toroid sample of ST37 steel was also
characterized using a B-H tracer, yielding initial and maximum relative
magnetic permeabilities of 328 and 976, respectively.

Magnetic signatures were measured using 10 fixed Bartington Mag 630
fluxgate magnetic sensors, spaced 15 cm apart on an aluminum rail. Samples
were placed in the north-south direction, 25 cm above the sensor array. Total
magnetic signatures were recorded first with the simulator coils off. Then,
with the x and z coils activated to cancel Earth's magnetic field, only the
permanent signature was measured. Induced magnetization was then derived
by subtracting the second measurement from the first.

3. Results and Discussion

Analysis of By, By, and B, magnetic signatures for both steel plate and hollow
cylinder samples showed that the By component was negligible due to the
north-south alignment. For the steel plate, permanent magnetization
contributed more significantly to the total signature than induced
magnetization, likely influenced by the plate's cutting direction. In contrast,
the hollow cylinder exhibited a greater induced magnetization, attributed to
stress neutralization during its rolling process. The larger volume of steel in
the cylinder also resulted in a higher induced magnetic signature compared to
the plate, with a peak induced to permanent magnetic signature ratio of 3 for
the cylinder versus 0.17 for the steel plate.

Magnetic signatures for both samples were simulated using COMSOL
Multiphysics 6.2's magnetic fields, no currents submodule. The simulations,
which calculated the magnetic field using Maxwell's equations and scalar
magnetic potential (reduced field approach), showed good agreement with

*

ALZRHRA
UNIVERSITY



LII/ Iranian Journal of Applied Physics, Vol. 15, Issue 2, Serial No. 41, Summer 2025

experimental measurements for the cylindrical sample. Minor discrepancies
were attributed to measurement errors and limited experimental data.

The Deperm-ME method, applying exponentially decreasing magnetic fields,
was used for deperming. This process effectively achieved a 95% reduction in
the steel plate's permanent magnetization and a 92% reduction for the hollow
cylinder. These significant reductions demonstrate the high efficacy of the
Deperm-ME method within this experimental setup, surpassing reported
reductions of 85% for Deperm-ME and 60% for Anhysteretic methods in
previous studies.

4. Conclusion

This research successfully developed a laboratory setup, inspired by the
Drive-in method, for evaluating the deperming of ferromagnetic materials.
The setup effectively cancels Earth's magnetic field, enabling precise
permanent magnetic signature measurements. The Deperm-ME method
proved highly effective, achieving 95% and 92% reductions in permanent
magnetization for ST37 steel sheet and hollow cylinder samples, respectively.
These findings underscore the efficiency of the Deperm-ME method within
the established Drive-in deperming framework, offering a more precise and
effective approach. The integration of a fixed sensor array and accurate
simulation techniques minimizes measurement errors, providing a robust
platform for future research in magnetic signature reduction.

Keywords: Magnetic Signature, Induced Magnetization, Permanent
Magnetization, Deperming.
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Fig. 7 Comparison of simulated and measured data with the magnetic sensor for the
vertical magnetic field generated in the longitudinal direction (B).
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Fig. 8 compares the simulated and measured data with a magnetic sensor for
the vertical magnetic field (B.) generated along the longitudinal direction.
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Fig. 9 The solenoid designed within the Earth's magnetic field simulator in
COMSOL.
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Fig. 10 The meshing of the solenoid and its surrounding environment in COMSOL
software.
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Fig. 11 The magnetic field generated by the solenoid along its axis.
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Fig. 12 The uniformity of the magnetic field generated by the solenoid
on a plane passing through its center.
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Fig. 13 The experimental setup with the solenoid inside.
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Table 1 The dimensions of the samples employed in the deperming process.

Steel ST37 Dimensions
. 1 m in length, 24 cm outer diameter, 4 mm
Cylinder .
thickness.
Sheet 1 m in length, 20 cm width, 4 mm thickness.
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Fig. 14 The placement of the ST37 toroid in the B-H tracer.
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Fig. 15 The hysteresis curve of the ST37 sample.
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Table 2 Parameters obtained from the hysteresis curve.

Bunax £ 0.005(T) 1.365
B+ 0.1(T) 0.8
He 363+1 (A/m)
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Fig. 16 The magnetization curve of ST37 steel.
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Fig. 17 The fluxgate magnetic sensor array.
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Fig. 18 The magnetic signature plots due to total, permanent, and induced
magnetization for two types of samples: sheet (left-hand side plots) and cylinder
(right-hand side plots).
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Fig. 19 Total induction and permanent magnetic signature of two
sheet (right) and cylinder (left) samples.
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Fig. 20 The geometry employed in COMSOL for simulating the magnetic signature.
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Fig. 21 The magnetic signature profile for the (a) x, (b) z, and (¢) total components
of the cylinder at a distance of 20 cm from its base.
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Fig. 22 The one-dimensional magnetic signatures of the cylinder along a line 20 cm
from its base.

OT oS 51 g o Yo ol ay ot 55 4l gl b lie (glaliaal (gin &5 Sls 5as VY IS

S sgh e os (1) S8) (6,8 o3Il 5 (g5lwacd 31 odeT S (glasls gd aolis |
OT Ol b ol a8 Jl 533 )ls s Sslen (6,5 05101 L (g 5luaccd sla o5 5

Lol gland 4 S ‘_;J.:fajv\.}\ slrosls 0y rf D) 6;:)|A3\ o sl s 4

S



S ko s 3 (6 ilan 5 e Bl L) 16K 3 10T 3 b5 6l ARl T ol il g b/ ATY

E " — B,-simulated
B(uT) o ~ By-simulated < ~ B,-simulated B(uT) Gl *

B(uT)

— B,-measured

— B,-measured — B,-measured

X(m)

x(m)
1 05 [ 05 1 15
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Fig. 23 The current waveforms used for the de-priming process.
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Fig. 24 The obtained remanent magnetization curves derived from the applied
magnetic field for the two samples: sheet and cylinder.
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for both sheet and cylinder samples.
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