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Development of a Vulnerability Assessment Model for Naval Ships on a
Theater Engagement Analysis

Sungkyun Lee' - Jinyong Go : Changhwan Kim - Seungki You

In actual battlefield environment, the naval ships which have specific missions have to respond to the attack
of hostile forces. Especially, in modern warfare, the importance of the survivability of naval ships are increasing
due to the high lethality of armaments. Naval ship survivability is generally considered to encompass three
constituents, susceptibility, vulnerability and recoverability. Recently, among these three constituents, many
researches on vulnerability have been conducted. However, for the vulnerability of naval ships, most of researches
are aimed towards the detailed design stages where implementing changes is heavily constrained or even
impractical. In this paper, vulnerability assessment model for naval ships on a theater engagement is developed
by using M&S technique. By using this model, the characteristics of platform and armaments are reflected on
the damage of naval ship. The basic logic of damage assessment is also considered in detail. The damage status
of the naval ship is quantified by defining a representative state index of onboard equipment for each system.

Key words : Naval Ships, Survivability, Vulnerability, M&S, Damage assessment
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Table 1. Types of naval ships

) Number of
Type Represente}tlve compartments
naval ships - -
Length | Width | Height
Destroyer,
A Aircraft Carrier, 5 3 4
Large Frigate, etc.
Frigate, Salvage Ship,
B Surveying Ship, etc. 4 3 4
Costal Patrol Craft,
¢ Missile Gunboat, etc. 3 2 3
D Patrol. Boat, Mine ) ) 2
Sweeping Boat, etc.
E Other small boats 2 2 1
I I 1
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Fig. 2. Hull compartments of vessel type B
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Table 2. Data set of naval ship (example)

Equipment
Comp.
nO-p Hull No.| System | Prope Ukl Rfallafd
| Y P | index | O
equip.
121 (0] 1 C4l General 1 -
122 O 2 | Detect | Launcher 0 1
123 X - - - - -
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Table 3. Threshold of damage rate for each system

C41 / Detection / Electric/
Communication / Armament Maneuver
Damage
20 50
rate (%)

A E9] = Al(Seperation)™} tH]A](Redundancy)
o AL HAdu] 7ke] A == ot 2ok &
go] AHAEAQ] BHlse] BE AN E7kssE A
AAEAG o] 7Rl AHES 7HAle7L dRtez A5t
ok 7] 52 2af7)7F B ARV B
AAEZo] 715l AH e 7HgA = ARt s A5}
], o2 2 GHEe 7HAleE 00] "ok oAl
A 7h2ERle] i HAE Afole e Aol
CODOG(COmbined Diesel Or Gas-turbine) =214 A|2}



3 2 Ao Tioy s

FstithJang 5, 2017). 7182 7RAERlo] ZA
AR ol et dHglol 715 sole 9
FA etk 7HAERIo] ARE7 IR ARl HA
IKubA ARg=7h AASA el 71eel Al 71
Alaz 00] =HH, tAgdixio] 1 olgeld 7|& | <]
7HAIgE Huto 2 AshErh

A A= W Al Vs HEE SEA
o2 uefsty] flsto] AAE vl di AeAeE
gofatint. 2 AAIS disE A Sysem)= A &
8|9 o} ] 7REAleEe] FO=, A (3)I} Zol Ed
"ot o AAEA] A7 rle gl FeA
Al Y= F= Arlel7lol v AJEiA2 didelx=

Al <l s

=

ofs

]_

7
gl
o

e

=,
> oo

SI _ >:Usable index 3)

system ™ Total number of equipments

AAE T Aol gt &7 K= Table 29} 2
< Hlolg =0l A=, u|Ao] & ot ZJld).

3. AEdFolA 2%

3.1 AIE8[0[Md AlLi2|2

M Z2O9S Sgsto] Al ol Aluele 4
oflxe] egol Fobde Brsleith AR 2e
Xz &Y ARRE 'Y &4, 2ea
ZH] ZF AT7IA] o) dglo] RO B A&
SRISISITE Fig. 4= AAE AUe| o5 HojErh it
A2 g E=EHASM, Air-to-Surface Missile)o] 2]
12} 2 A %], o]2|(Torpedo)ol| 23+ 94, 7]¥|(Mine)
Ozt 1A, T1e]ar tighrgte] ot 71 ujAof ¢
3 s EAEE Ay ol & AU o
7HA gsRat 27] oE A4 A7 B s ke
H Ao, TRt Aol &=t A8EE &
gk 4= &R SRt

Table 4= AlEd|o]de] &85 A9 7|2 FRE
HojFm, 2 o] tigt -3, S H(Wh), HS
9IX|(Hit Point)E Table 5o YeRHSITE. 591 2] oAl
o] B HEkiE(u, w, w)E B FHUHS ¥
S FEA(x1, yi, 20)2 S H AR (X0, Yo, 20)F
2-gsto] A5t ARE HEAE(HEHA 2 7
SRS Z-goto] Algdlold Al FHx AA| &
gglo] A7ETh

% Lok

2o

9]

=

(b) 2™ damage
(by Torpedo)

(a) 1" damage
(by ASM)

(d) 4™ damage
(by ASM, Sink)

(c) 3" damage
(by Mine)

Fig. 4. Simulation scenario

Table 4. Principal dimensions of naval ship

Type Dimension (m) Draft Displacement
P L x Wx H) (m) (ton)

A 100 x 30 x 20 10 3,000

Table 5. Armaments data

Scenario Type Wh (kg) Hit Point
1* damage ASM 145 (10, 20, 10)
2" damage Torpedo 200 (40, 0, -20)
3" damage Mine 400 (-40, 20, -10)
4™ damage ASM 145 (-30, -20, 30)
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Fig. 5. Relation Diagram of equipments

Table 6. List of onboard equipments
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Table 7. Status of equipments (1* damage)

Relevant
|| s | ey |
No.
1 121 Detection General -
2 223 Armament Launcher -
3 324 Detection General -
4 323 C41 Command | 2, 7, 8
5 321 C41 Command | 2, 7, 8
6 424 | Communication |  General -
7 433 Armament Launcher -
8 523 Armament Launcher -
9 521 Maneuver General -
10 411 Maneuver Gas turbine 9
11 431 Maneuver Gas turbine 9
12 | 421 | Maneuver g;sr‘i 9
13 321 Electric Generator
14 323 Electric Generator 1,2, 3
15 | 321 Electric Distributor | 6, 7, 8
16 323 Electric Distributor

3 - 41 & Electric
=1 : petection

=] : Ccommunication
[ - armament

10

Width[m]

Fig. 6. Arrangement of equipments
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. Status index
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0.5 1 1 0.6667 1
433
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Fig. 7. Hull damage by ASM (Ist damage)



Table 8. Status of equipments (2 damage)

Disabled

; Status index
equipment
E?llélp ' C;)lglp C4I | Detection | Communication | Armament | Maneuver
1 121
4 323
5 321
0 0.5 1 0.3333 1
7 433
13 | 321
15 | 321

Length[m]
Width[m]

Fig. 8. Hull damage by Torpedo (2™ damage)
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Table 9. Status of equipments (3™ damage)

D1§abled Status index
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Egzlp : C;)lglp CAI | Detection | Communication | Armament| Maneuver
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11 | 431

12 | 421

13 | 321

15 | 321
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Fig. 9. Hull damage by Mine (3" damage)

Fig. 102 90| tiekgmstel os) 27} w45 4
Fom ARle] £ £4Eo] 7123 08 Hol 9l
3] SAEE A9oltk olejd Aol BE Aul5o)
SR Afejx|47t 002 AgEle, ole] Zopy B} of
Aol A2k

D, : 0.9200

Height[m]
o oW
o o o

fo A
oo o

Length[m]
Width[m]

Fig. 10. Hull damage by ASM (4™ damage)
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