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Abstract

Before sailing, submarines with ferromagnetic hulls are demagnetized
to avoid damage and detection by sea mines and airborne systems. The
increase in the residual magnetization of the submarine body after
demagnetization due to the rising and falling can reduce the effect of
demagnetization. This study aimed to investigate how internal
hydrostatic pressure affects the magnetic signatures of a demagnetized
submarine model. Magnetic sensors were placed at specific points
under the body, and the changes in magnetic signatures were recorded
when pressure was applied from 0 to 60 bar. The results show that by
increasing the pressure up to 60 bar before demagnetization, the
magnetic field components originating from the sample's internal
stresses showed a linear increase. After depressurization, there was an
exponential decrease followed by a subsequent increase in permanent
magnetization of about 6%. However, after demagnetization, as the
pressure increased up to 60 bar, the magnetic field generated by internal
stresses in the sample increased by about 27%, but upon decreasing
pressure, this magnetic field did not decrease but remained unchanged.
This phenomenon negatively impacted the performance of the
deperming process. Also, for further investigation, the increasing trend
of magnetic signatures was evaluated at pressures of 30, 45, and 60 bar.
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Line Graph: Magnetic flux density, x component (T)
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Line Graph: -mfco.Bz (T)
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Line Graph: Magnetic flux density, x companent (T)

55+
Pl \
50 F A\ 4

454 ! \

401 / I,I
35 ||'

20 o
251 f |
201 /

151 !
\

10+ f \ 4

Magnetic flux density, ¥ component (T)

i L L L i L L L i
100 -B0 -60 40 20 (1] 20 40 &0 a0 100
x-coordinate (cm}

AJJ(..:..»;,«):@.\&‘_;)LM:Jd)wsﬁbwul.g»gb-lrﬁi)bw1° J::)

(bl Ole gl 51 e Bl VY 330 53 5 g o> (V) IS s 48 4,8 0les
A o L ol om0 ol 165 ol lr 1 glod (1)) IS el C 5 ot sl
33k 2l 53 damn mcblie 45 51 (6,8 gl (511 4 Ars e 0L 1) 63V 3 Djree 81

Ll 48 815 b litn sl Sl s 4

O e S 3 oKl 5 Sl V) S

Flash- ; Anhysteretic Deperm-ME s, aw 4 o5 slayslis <Ko o anT 5
asls L Deperm-ME 5, [¥Y]IM S-H s zass 4 4> 5 L VY] 558 ol D
U'L‘ DL 6‘5)0.!.‘ )‘ .J)‘J L‘bd}) J.LL# 43. C_,.:.m.v ng.:‘e’.’ @JJL} C&MJK Lgl.&g)la_ﬁ qul; &Lo.o

eu\.&abb)}aﬁugf%&:ﬁﬂés4...3.'\-}3‘5‘):’-\6‘}:Mw;oﬁu::))a|)\&k)ﬁ

e




VPV/VE Y Glin O ol ol Il ol a1 o813 01t (63 )87 05 oule alad

Sl K8 (1) oy s Ot (1Y) IS 4l 0L o 70 31w 5 T VWY & glas |
[=Ipe-(e), n=0,1,2,... (Y)

ol s )5 GOL 2 2l ot SL L o8 O 5 ,uaT WYl s OL 2 0 bl ol 5

1 nr\MAMW.Wkom
o v

number of shots

,g@ﬁdangdlﬁ‘):&)l{dbdkﬁ\ryl::)
Oblie Sk 51 5L eblie Ol 058 JUis 6l @Sn 80 8T 3 51 e 5 ey
5 e e 10 salols 4 b ¢ 53 45 8 S gt VY 16V 5 O e Sian

3ol ) JSKs s a5 S o g il § 15 63Y 8 O e S 1 e e YE 5 XSS

.M:@QLI:Jl;&gﬁﬂsao@b—)aqudﬁ)l}

e



Gkan o2 e 5 G e s 5 el L5 €6V 0 &5 305 &S0 pmblite (Slaaaietia y 55 S g2 o)/ VFA

bl ol ) guaien (5 58 )) 8 bl

Do S 51 e Sl YF alols & boline (6la ) guis Lot (5,851 511 D

S 8l alS O e s ad sl (Sian tbliie 5l des 3 &0 3o 55 ¢ gl tblie I e
O 1 Sian 5055 T3 plal 1 o 5 ey (e il 51 (20 (publite Ol (V)
V0 alols & &8 ol bl ) i a 0313 SO X jgoen p dbais o K& pl 55 das
O (Sian iblie 358 0 03 68 0ln .ol 3.8 515 (1S ) g S 0
Ol 1y (sdeo s Ar 5ol 2alS &S Sl ooy D3 Sn F 51 28 0 Dty s YO )

"U“’gs‘

B,(nT) ey ey

TS
25000

15000

10000

a3 AT 35l e 5 e 65V 58 O e (Koo iblias VPSS

e

e

S



VPA/VE T a0 ol ol b ol a1 o813 Ot (63 )87 G5 oule Lalad

b s of Sl el 63V S S 15 obys ) Jhe a&ile)T wsed gl opl o
P 15 OT (gl (gladiadlin Ik ¢ urn 355 3,15 0T 4 (F5)3 (S5l s pobos 5L &
S 0511 4 4T gla s 51 (ST 5 a5 omabliie Oln Lo 55 (518518 51 s
0 slady LL o b a5 SSkws s Hlad dd ) o3 alols OT (a7 51 0 3ea b
Ol m Sl T AT 3 3 0dion )5 4 e le 4 a5 b (6,108 lid 85 .3b Ll 1 b
IS s ao Hlid 4 b esls 2alS (65L 0 slaay Olaa b ,LF Y 51 HLES e 3 L)

s gn DL 5 O e 53 (6O 58 a3 51 o les (VD)

L)fudjjéé‘;‘f)m\aﬁ

Sz g sl WY
s L L by a0 ols ) el Jds wblian Olds 457 das o Ol lesT o]
(V) 5 (18) IS o o b slr (bys 25 o #0r dslaa) b §0 3.8 i s LS s
S F oyl gt 5l 50 Lao B Fr 5 L5 5O LS 510 s grmbliie Olios Sl i 15 5ol
Ol 1y $Kan 63 AT 5 51 s 5 i 0313 513 O3 50 5 S 51 (5 20 il YF s b
oo 4 3l (AL bl Ols L3 03, VL L b e 0> oS 48 Dlen das e
ol Ols $Kin (63 40T 3 51 i HLad 2alS 31 e Lol b o a3l 95 8 (5l o
U rblie Olin a6 AT 3 51 g Wl bl 0 2818 ples S50 0 25 51 (50
oblae Culg 53 sl (B EuleS L,y 0T 53 )b L HLd b 5 Conl asls 2alS” 235 )

e

L



Sk i g g S o s BNl L5 60V b 450 OSG pub i Slaaainin 5 A5 1 oo e/ WY

S s 4l SRl MG SUVF e sl 3 Ot 53 6Kt s Sl Lt odile L ol
Sie ol 4Bl 2T DS 50 VY e s s elile SU ells iblie Ko o AnT
LS ((VF) JSK8) Sl 0399 D 5 Ko YO 55000 55 $Kin (63 31 Lt adsl (Siar 2D like
OT 4 Ao 3 & 35d 55 Md 3 S V/F 0T 2803 5 5 (oL 7 &Sl g yun b S )8
Sibline 45 6Kin 65 AT 3 51 o STOT I s gr 55 b5 lie 457 Sl 0 033331
:}bjsut::C.«M{Jlfjé)\f)uélgc((\f)Jg)sﬁo.k:w)wjjg«.n\‘;}bqui";:w
035531 OT & Loy YV 30 45 dile 3b 5 ot 035551 0T  Kiwas [iblike 4 M 5,50 1/
b lirns B osle Gy A T )57 45T sl 5 g0 ol dins 0L 4T ((1) Jputer) ol 0k
S blae cpl 55 8l 5 b oS 508 e 0T 53 Kiaen iblias sloul o oils odbliaaly
Siaen ibliae 55 618 Sl 4 mte O e 4o 3 ls 25 ol 55 [V VY] 555 a5 Olee
S i3 AT 3 g S e Sian ibliie 53 31l 358 0 0T 53352 50
L;La,,sutl,,u'ulﬂudg,>ﬁ53u,5u6@|yawg.;ﬁ@oT@\,KﬁKj

DYl 2als boT plulid Jlas! b ois sutblianly o,bss S SV b oL s

53 T3 31 e 5 Sy (Sires bl 1 5L blite Olike anslie (V) J90rr

el 3l A s O b lie Olde S i (e lie Olbe 5T
sblie Olide (HT) s, 5L 51 (UT) 18 5Lz ’
2 Y8/5 \ Koo 65 5l S
2% B/ ¥ Koo 633l

S L - -, - -
i) 4 L
.-.-.T‘, . N f"f
. b)
.
& ‘ P(bar)

AT 350 i 5l e 580 5 L7 B0 5Lis 5 20 5 A0 bl Oldae Slss Hla el V8 IS

o




WAVE T a8 ol ol Jl ol a1 o83 0t (63 )87 G5 pule Lalad

1200
6.0 . ¢..0...¢ ®..0..9
1000 o
.
800
(=
g 600
m
400
o
200 *
0 8
0 10 20 30 40 50 60 70
P(bar)
AT 3 50 s 5l Ao 80 5 L% B0 5Las 1 a5 518U wdbliie Ol O uis ls 505 VY JCH
-&:ﬂﬁé.}

o 03,13 (6 e ol $Kin 563 Sl Sl s (gmblie (Sldainie Ol i S 20T
AL 55 LS T ¥ Gl 5l pblite (Sladainie Ol il Ly edalie 5 g
Sl g yden 25 1 EL bline Oldis O i (6ls 515 505 (M) B (5) (gla JSKo bk duns i
wals HlEd 55l L sss e odss & 4,80k das e OLES |y Oldse daeio 4w a (gl

GIB 5 O @y blae 5 50 ekias LA &S Sl il 2131 bl slaadd 50

ol OT
-] o 500 =] <]
oo
= —e—30bar
=)
E —s—45har
60bar
100
-1 @ -200 o <]

X(cm)

S



Gkan 2 e 5 G o s B oMl Loy 660V b &5 gai &S0 panblite (Sladaieiie y 25 1 g oy 2/ WYY

% —s—30bar
=-100 100
c’a —e—45bar
—e— 60bar
X(cm)
DL ST O slajles 45 a5 1 EL  cebliie Olibe el go ks 14 D
=
=) —8— 30bar
]
m —e8— 45har
-100

100
—8— 60bar

-1000
X(cm)

BTN (A dh)ué);ﬂ)'lgil; _lal.‘.:'u()L\.:» ‘54_3}‘ Q|m’3r' ’::.

Glaad g b ¥ 51l alBILasi eeds (Y0) 5 (V4) OA) gla JSKa 53 &7 4 S las
JSKs il Bl 2l 56 B ¥ Frr Oasl g S5 4 mblike Ol Z 5 Y X

Ans n OLE LB L2115l ey 5 e |y smabliie Ole (slaadl sa (3t (YY)

S



WE/VF T a0 ol ol Jl ol a1 o813 01t (63 )87 G5 oule Lalad

1500

1000

x{cm)

a6 &) 3l o @S S 3l g 5 i smbliie Olubs slaad) o (oD | V) S

Verr i By s M A sds L FY HLas 2l 5l e 0355 e 03 S 6 S Olen
dliiin duslin b uomad ol &y 53 Llowy 25 5l odal 5 oS obile 3LBz 55 Ss U
dain i did &S 355 0 ok SIS Gl s e ey IS bl
b ldie ol a8 (YY) JSK8) ol amdls (ool 331 Ao 53 YV 0511 0 (650087 5L 31 oy o liko
Sin 3 T3 o b GBI OTos 035 0l YU ST 5 sld Slles o595 13l
35T o ol 15 0T G5 sosls i35 506 o |

700 | By(nT) —e—Obar

—e—60bar

6000

5000
3000

1000

X(cm)
0
-100 -80 60 -40 -20 0 20 40 60 80 100

Kn 63 Sl 3l e GME S 51 s 5 L JS blike duabuiin e VY JCH

S



S i g g S st s BNl L5 60V 3 & 50 O bl Glaaaieio 5 25 S| o2 )/ WVF

& 5 aoms ¥

($530° (SSln sy 5L S16 b3 05 (qmeblibe 6 AT B gy (812 S 02l 0
o g bRl AT 351 ey 5 S (23 5 ke 503 6 (peblie Glanatie
Slakols 55 oks Il blie gl Ko oSS 4 5L #0 b a1 L8 )87 L
S e b P Bl I3 L s E 0T cbliae Glaaaiein Gl i (Bd 55 jabia
ol Sy 4 AT bl b 8L n B as ) dsudiwu;buw;u;@uu
5w Ll s o350 0T Kiwes Jibliae 4 dusys & 35 3 Culg )3 5 S5 ialS
PRI st Do 4 gl (G55 25 ) el pucblia Ols slaadl po (o135 tb ke
Olen 5 S35 2alS & gad cueblite Oltas saadl o 5L Jao b L2328 L o 5 3L
O o S Lo OT 53 5 S 21531 o3 YV Ol 4 Lilawy 25 51 (G50 cbline

s Ko 65 g3 iblre AnT 35 Shes

ST 9 paai L0
L35 6ok sy opl o bl W 5 Cotle (S4B O Ses aled I dbews sl

S ot S oo

&b

[1] Chung, H.]., Bae, KW, Yang, C.S. and Jung, W.]., “Magnetic Treatment Techniques for
Magnetic Field Reduction of a Naval Ship without Degaussing Coil”, Dpibia 28(2), 41-
2,2018. https://doi.org/10.13910/en16548874.

[2] Im, S. H., Lee, H. Y. and Park, G. S, “Novel Deperming Protocols to Reduce
Demagnetizing Time and Improve the Performance for the Magnetic Silence of
Warships”, Energies 14(19), 6295, 2021. https://doi.org/10.3390/en14196295.

[3] Zivieri, R, Palomba, G., Consolo, G. and Proverbio, E., “Static magnetic signature of a
ghost-ship propulsor system as a composite ferromagnetic medium”, AIP Advances
13(9), 9-13, 2023. http://dx.doi.org/10.1063/5.0163553.

[4] Yadav, R. D., Gautam, V., “Effect of Magnetic Field on Deformation Behavior of a Steel
Sheet in Uniaxial Tension”, Journal of Testing and Evaluation, 51-53, 2024.
https://doi.org/10.3390/en15249363

[5] Im, S. H,, Park, G. S., “Research on the demagnetizing factors for magnetic hollow
cylinders”, 21st International Conference on Electrical Machines and Systems (ICEMS),
IEEE Xplore, 60-65, 2018. https://doi.org/10.23919/ICEMS.2018.8548969.

[6] Kildishev, A. V., Nyenhuis, J. A, Dobrodeyev, P. N., Volokhov, S. A, “Deperming
technology in large ferromagnetic pipes”, IEEE transactions on magnetics 35(5), 3907-
9,1999. https://doi.org/10.1109/20.800704.




AWVO/VE Y a8 ol ol Tl ol a1 o805 D1l (63,87 805 oule liboad

[7] Ozima, M., Joshima M, Kinosmta, H., “Magnetic properties of submarine basalts and the
implications on the structure of the oceanic crust”, Journal of geomagnetism and
geoelectricity 26(3), 335-54, 1974. https://doi.org/10.5636/jgg.26.335.

[8] Wotoszyn, M., Jankowski, P., “Ship’s de-perming process using coils lying on seabed”,
Metrology and Measurement Systems 26(3), 569-79, 2019.
http://dx.doi.org/10.24425/mms.2019.129582.

[9] Zhao, Y., Zhang, |, Li, ],, Liu, S., Miao, P., Shi, Y. and Zhao, E., “A brief review of magnetic
anomaly detection”, Measurement Science and Technology 32(4), 042002, 2021.
http://dx.doi.org/10.1088/1361-6501/abd055.

[10] Holmes, J. J., “Reduction of a ship's magnetic field signatures. Synthesis lectures on
computational electromagnetics”, Morgan & Claypool, New York 3(1), 1-68, 2008.
[11] Holmes, ].J., “Exploitation of a ship's magnetic field signatures. Synthesis Lectures on
Computational Electromagnetics”, Morgan & Claypool, New Yor, 1(1), 1-78, 2006.

[12] Kim, J.W,, Kim, S.H., Kim, ].H., Lee, H.B. and Chung, H.]., “Study on efficient deperming
protocol search technique of Vessel”, Proceedings of the KIEE Conference, The Korean
Institute of Electrical Engineers, 2017.
http://dx.doi.org/10.4283/JMAG.2017.22.1.085.

[13] Holmes, J. ], “Modeling a ship’s ferromagnetic signatures”, Synthesis Lectures on
Computational Electromagnetics, Morgan & Claypool, New York 2(1), 1-75, 2022.

This article is an open-access article distributed under the terms and conditions of the
Creative Commons Attribution-Noncommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).




