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ABSTRACT

We conducted simulations to analyze the effects of a hard—kill-type underwater defense
system that defends friendly warships against an enemy wake—homing torpedo. Assuming
that the enemy torpedo is a wake—homing torpedo, our surface warship detours to the
prespecified evasive course by firing a hard—kill-type system, which is modeled as a passive
acoustic homing—torpedo, to attack the enemy torpedo., We analyzed the effectiveness of a
warship’s survival probability via Monte Carlo simulation, given the probabilistic angles of the
launched torpedoes, to compare two cases where one used only evasive maneuvering and
the other used the hard—kill-type underwater defense system with evasion at the same time,
By changing the maximum torpedo detection range of a warship and the torpedo’s initial
location, we observed that the resulting survival probability of a warship was above 61% with a
hard—kill-type defense system, whereas it remained at 34% without a hard—kill defense
system, the necessity of a hard—kill underwater defense system, especially against wake—homing
torpedoes.
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<Figure 1> One-sided search mode of a wake—homing torpedo
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<Figure 2> Flow chart of a wake-homing torpedo’s moving and detection models



Underwater defense system and Hard—kill / Shin, Myoungin * Hong, Wooyoung * Lee, Jinho 5

2 AFoA e it sEE 245 e AEEE VIS
000° ®3Fo & 25knotse] &80 & o e

oF &%=, g4 Aol whet hEA Yetd 4 9oy, Ku et al.(2009)9] A+ AiHE A-§5to
Figure 37} Zro] gF&jo] Whgst= Ao HAsIGrh olnf AT 42 2° 1H4 082 WA,
2 Zol(Length of wake)w= =AFEHe] shu| 2R E 4500m7} F-A|Hcka 7

<Figure 3> Wake model of a surface warship
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<Figure 4> Surface warship underwater defense
systems and anti-torpedo defense

HAA O 7 "3}y
tH(Figure 5(b), Park,
3| 9] 7|51t 21 7]5a}

Figure 5(a)= £ASR] 50 d
91k BA, WA, A& 314
2008). o]#gt FREE 7RO R 44F

S =
= Wale] SRl AAS Mg AR TSI, 24 ﬂﬁ%%ktl@ﬂlﬁliﬂ YA
A2l 1500m~2750m7H 250m 702 WAste AR AEES Adkstarh

Tactical diameter

Initial
parameter set
Horizontal

Surface ship initial distance
maneuver
(straight run)

N
Torpedo warning
YES

Evasive maneuver,
operating hard-kill
type underwater

defense system

Disable enemy
torpedo

Final diameter

Vertical
distance

Ship hit

YES

orpedo attack ship
within running time

(a) ()

<Figure 5> Flow chart of a warship’s moving model
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<Table 1> Summary of the simulation parameters

Parameters of a wake-homing torpedo

Initial location 005°~355°, 2828m
Search/max speed 35 knots / 45 knots
Wake-search model One-sided search mode
Operating duration 15 minutes
Launch angle error +3°
Parameters of a warship
Initial location (0m,0m,0m)
Initial maneuvering course 000° (Maneuvering to the x-axis direction)
Speed 25 knots
Max torpedo alarm range 1500m~2750m (increase by 250 from 1500 to 2750)

Evasive maneuvering only, Evasive maneuvering &
Hard-kill defense system launch
Evasive course/speed Evasive course determined by TACM(Park, 2008) / 25knots
Parameters of a hard-kill-type defense system

Defense system

Launch time 00 seconds after evasive maneuvering
Launch angle error +9°
Search pattern Snake search, Circle search
Sweep angle +30°
Search/max speed 35knots / 45knots
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<Figure 6> Flow chart of a hard-kill-type
underwater defense system
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<Figure 7> Example success and failure cases with a hard—kill-type underwater defense system
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<Figure 8> Average survival probabilities of a surface warship
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with of a hard-kill defense).

el A o) gAY Aol mtE AYEE&-S AHEH(Figure 9), (a), (b)E 2£335to] o
2 49 AHOA A of®] F4E W 9ol AEE0] B A UERTh ol dEHARE
2 Aot A GaRolz Auold SAT TAo] AT A%, 24T 7|5 YFoR 24
SHe 497} obd 24 715 Wl o AT 97t T walsh] dEelgich vhe
TACM &3 Ag)7t S7H0ll e kAL /49 A £25 oftjoll 4] A o 2|7} %7—3‘.3112% 85
T3] AEEC] WolAle A7 HARTH(0) ~ (). ol 4] ilﬂ“ﬁl Sof HAYsh= A

A A= & gAFHol=st Adste] tRolch. 2t s
TACM & A7k 3715He S4aHe] AEgo] S7hiths 2

3, 445H) A o2 w7 el7t 2000m o] 5l uh 4k Aol A %
= Ao SERAAS A8 A9 A8 gk A9 A
Lk o] Aol A AR ojzleh ) of el 27] 917k U 2
AwAE i 17}01 Fol 2| A 9] hitolch. uebAl 4 Aol A
23

olol e GAg
LA eL 4 ol

= =
(o, SO 2, ST 0] SEROAR AT A HA A & A3uet A
S

o o) ARG AT o 4 otk o2 B DA FHRAoj=lo] et dge] 357

h=4 o u

tlo o
<



Underwater defense system and Hard—kill / Shin, Myoungin * Hong, Wooyoung - Lee, Jinho 11

& olefoll FEIgt o] EASHA b= ARl =2 WAe] S840 284l v Axd

_— J— aetense sysiem -—- —_
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<Figure 9> Average survival probabilities depending on the maximum torpedo alarm

range of a surface warship
Note. Blue dotted lines indicate cases of evasive maneuvering only and red bold lines indicate cases of evasive
maneuvering with a hard-kill defense system.
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