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A naval mine is an effective weapon system implemented for defending defends ports and seas, A mine is an underwater

weapon that poses a great threat to ships sailing over the sea from shallow areas, Most of the influence—type naval mines
detect magnetic field signals from ships and determine the final time of fire, Therefore, the level of underwater electro—magnetic
signatures of ships is a key requirement for determining the survival of ships in wartime situations where mines are emplaced,

The main reason why the high manganese steel is attracting attention for naval ship hulls is its nature as a non—magnetic steel,

The non—magnetic hull does not generate electro—magnetic signatures; thus, it has the advantage improving the stealth of the

ship, In this paper, | examine whether this material can be applied in the hulls material of naval ships that must be ableto reduce

underwater electro—-magnetic signatures by considering the non—-magnetic characteristics of the first developed high manganese

steel in the world,
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Table 1 The definition of high manganese stee | (Naver, 2023)

Source Definition
Having high tensile strength and ductility, this
Doosan iron alloy exhibits excellent wear resistance,

Encyclopedia | featuring low carbon content and a high
manganese content.

A steel containing 0.3~1.3% C and 10~
Mechanical [15% Mn, subjected to water quenching at
Engineering | 1000 ~ 1100°C to achieve an austenitic structure.

Glossary | Known for its excellent work hardenability, it
is employed as a wear-resistant material.
Civil An alloy steel containing manganese in the
Engineering | /@n9e of 11~14% among its alloying elements,
Ggllossar 9 |known for its excellent impact resistance and
Y |wear resistance
Chemistry | High—strength manganese steel with excellent
Dictionary | wear resistance
Railway-related
Comprehensive | Non—-magnetic structural steel
Dictionary
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Table 2 The chemical composition of high manganese
steel (Posco, 2022)

C | Mn P S Si Cr | Cu B N

0.35(22.50 < < 0.10]3.00|0.30 < <

~ 1.7 10.030/0.010/ . | ~ | T 10.00500.050

0.55(25.50] ' 0.50|4.00|0.70

Table 3 The mechanical properties of high manganese
steel (Posco, 2022)

Yield Strength Tensile Elongation [Charpy Impact
Strength N
(WPa) ) (%) Energy (J)
> 400 800 ~ 970 > 22 = 27
(@-196°C)

oflM MIAl =|Z= DUZIZFING 912 3 E EMfsE =iy
0| 24k Berlin ExpressE ._4+3P01 =2 SHEZ0| =0
Bk= 374 Ol=UCk

2.2 U7k 7|aF1 £
SXPIX| ZHekEl DUZRHZEA TR HMNA00)S| 7|&4ZE2
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27} etz Alsto|ch M| 6mm 0|2t ERY A4AF 2 10mm O
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25 Z(composite material) & si-ol KM RL

(FRP, Fiber Reinforced Plastic)&

Ze o MAMAER nafsl 2ok,
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g *7_%‘% ket HIARNZE B! SRS FAE |
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DAPA, 2023).
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Table 4 The comparison of permeability(n) (DAPA, 2023)

High mangane | Stainless steel | Aluminium FRP
1.002 1.010 1.000 1.000

Number PIRATE PRINCETON Terrorist [PIl]

of i = -

Rincke ‘Gﬁ— : I 15

b : \ SR () 1957158

PRINCETON
14 TRIPOL!

.
m 1969-1973

12 WARRINGTON
WESTCHESTER COUNTY
10 BARTON
EG. SMALL
8 WALKE
MANSFIELD
6 BRUSH

SARSI
4 PARTRIDGE
PLEDGE
2 PIRATE TRIPOLI HIGBEE COLE

P o wiserry

MINE MISSILE TORPEDO AIRCRAFT

COLE

SMALL BOAT

Since the end WW Il mines have damaged or sunk four times more
US Navy ships than all other means of attack.

Fig. 1 The cases of US navy ship attacked by weapons
(Freedberg, 2017)
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2 2 =ck

ZR MR Y ETE(l 2l$h AP | MSE X AP|E
FAoIM el WA e AAIM Afslof ofsl Ldstoy, +
NES FEo1H o2t 2Lt
AW, & Ax TFo|Me| 7| Ee= BSHo| 2l 2R
2ol Mal 2 EAiEH FFAHo=E AEiele g7 AP|E
(permanent magnetic field) Al&olc}.

M, X7 AP |2 SFHol|AM Y sheljErsk 2 P | &
of ofslf YAMeRE RII=Ee R A=l 2t R APIE
(induced magnetic field) A&olct.

M, ZZ=2(rolling), Z=R(pitching) S &8 230 25
M ZHo| dste ofMFol ost ofMF AP |EHeddy
current magnetic field) A&olct,

S, =& U TP E ©HM 3o ot
magnetic field) M&olc},

Ol & ZAW MAMHRIZ 74%sl= U8t aido| 29 7 AP [&
¥ REAP [EHME0| oFY AP e CHEES ARSIt (SNAK, 2012)
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Table 5 The comparison of ship structure materials

(SNAK, 2012)
Yield Modulus Specific Strenglth /
Index Strenath of Gravit Specific | Cost
9" | Ejasticity V' Gravity
MS 1 1 1 1 '
(235 WPa) | (205 GPa) | (7.85) |(235/7.85)
1.3
HTS-32 (315 1) 1 1 1.3 1.5~2
2.3
HY-80 (550 1) 1 1 2.3 3~4
aLsoss| 23 | 13 | SR 2 | se7
(2.78)
FRP 0.4~1 1/5~1/10f 1/5 2~5 |1.2~1.5
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Table 6 The comparison of non—magnetic materials
O 1 Good, A : Nomal, X : Disadvantageous

Non—magnetic materials
Index FRP High Stainless "
manganese Aluminium
steel
steel
Permeabilit
y (W © © © O
Strength A O O A
Corrosion O A A A
resistance
Fire
resistance X O O X
Material
supply O O X X
Productivity O O O VAN
Economic
AN
feasibility O O X
UetMoZ Aol MHMAMES HIXIMHE MEstl

=0l T2 =7biM Rl Fast S2AE((FRP)E XS

it 20170l MESH MHSIE AlRtsio] MR %

st xS ZIg F91 Z2H=9| Kormarang Aafelel 29, Al
A 2 M5t ARI7F QUEt (Pape, 2023).
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EI(FRP) CHH| D27k of
2o|geae of 2.24) MT O H|MCH

HIXA RYAZF EM H|mE Table 60l LIERF=E HIRF ZH0],
HIXIMR EME LIEk= FAE(permeability) 2 471X RHE 2
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