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In this study, a submarine degaussing control system
that can achieve high reliability and fast response was
designed using a real time operating system
(RTOS)-based programmable logic controller. Its
functionality was verified through a scale model. The
proposed system compensates for both permanent
and induced magnetic fields in real time to reduce a
submarine’s magnetic signature. The scale model
experiments confirmed the effectiveness of magnetic
field reduction. This paper provides a foundation for
further research on performance enhancement and
functional integration for practical submarine
applications.
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Design, Implementation, and Verification of
a Submarine Degaussing Control System Using
an RTOS-Based PLC and Scale Model
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Fig. 1. Degaussing control system HW configuration

Table 1. Developent details of degaussing control sys-
tem components

3-Axis sensor Degaussing Control
/ Coil PSU Unit

Category

PCB-level design,
HW MCU control board,
custom enclosure

Wiring design,
PLC /O Setup,
custom enclosure

Firmware(C or C++),
SW Interface,
Sensor/PSU control

Full HW/SW developed  Application SW on PLC
platform

ST logic, Interface,
degaussing current
control

Development
Scope from scratch

H fo

magnetic model, 0|5} ‘WMM’) X|LA}7] 2 7|0k
FAor, ARAAZSEH F7Hor AHHPEE
FAlerol A A7 o A S )R] ARA A of
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Fig. 2. Degaussing control system operation flowchart
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Table 2. Configuration of experimental environment

Category Component Description
Scale Model - V, A, L Coils
Controller RTOS-PLC Current calculator
3-axis Probe Scale Model Mag. field
Sensors
Lab Sensor Pre/Post Measurement
Mag. Field ) .
Generator Mag. Field Gen. Apply geomag. field
External Input ~ CMS Emulator Time/Position/Attitude
. 00V, 00A,
Bi-PSU 10mA resolution
PSUs +00V, 00A,
Uni-PSU 1mA resolution (with
Polarity-Switching Relay)
Data PC Logging PC Control & Acquisition
3.3 4% dA
A Aabe oot Zol FA4EH. (2), B)H2 3
% 27| A A3k 78 WMM A 7-347] 4 7] 9
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Fig. 3. Magnetic flux density before degaussing

Table 3. Magnetic flux density before degaussing

Axis Min(nT) Max(nT) PTP(nT)
L-axis -3672.4 3109.13 6781.5
V-axis -4931.3 8038.52 12969.8
A-axis -1231.4 1759.79 2991.22

Total 0.17907 8112.64 8112.46
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Fig. 4. Magnetic flux density after degaussing (auto-
sensing)

Table 4. Magnetic flux density after degaussing (auto-
sensing)

Axis Min(nT) Max(nT) PTP(nT)
L-axis -191.44 322.013 513.451
V-axis -726.88 131.949 858.829
A-axis -995.49 1.06755 996.561

Total 0.08491 1105.36 1105.27

Table 5. Magnetic flux density degaussing rate (auto—
sensing)

Axis Min(%) Max(%) PTP(%)
L-axis 94.79 80.64 92.43
V-axis 85.26 98.36 93.38
A-axis 19.16 1.06755 66.68
Total 52.59 86.37 86.38

4.2.2 A FA7

P

A} Fig. 5, Table 6, Table 7
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Fig. 5. Magnetic flux density after degaussing (auto—
map)

Table 6. Magnetic flux density after degaussing (auto-

map)

Axis Min(nT) ‘ Max(nT) PTP(nT)
L-axis -201.18 282.302 483.478
V-axis -467.94 197.16 665.103
A-axis -710.95 192.948 903.896
Total 830.173 0.10119 830.072

Table 7. Magnetic flux density degaussing rate (auto-

map)

Axis Min(%) Max (%) PTP(%)
L-axis 94.69 90.90 92.98
V-axis 90.26 97.56 94.83
A-axis 48.14 89.51 71.85
Total 91.67 89.85 89.84
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