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ABSTRACT

There are many researches which analyze vulnerability for combat systems, have been progressing, and apply the
analyzed result to reflect on design phase. Recently, there have been requirements for integrating the previous module
based researches which conducted independently. In this paper, we propose an integrated vulnerability analysis
method for the combat system considering characteristics of threats and protection performance of armors through an
analysis of the advanced research. In addition, by applying the proposed method improves the existing hit probability
analysis program and we are verified based on scenarios for improving survivability of PKM (Petrol Killer Medium)
for vulnerability analysis confirmed the results. The proposed method improves reliability of vulnerability analysis by
considering threats and defense ability. Also it able to satisfied with the integration requirements. Furthermore, we
became buildup for the development of applied system and the method and integrated vulnerability analysis method for
combat systems.
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Table. 1 Comparisons of previous studies
Analysis . . Adopted Considering Considering
targets el LTSS Carsioares & s methods properties of threat | defense ability
} . - Penetration energy of threat Equation of
[1-2]|  Armors Armor penetration | _ Thickness and density of armor |  penetration X ©
[3-4] Armors and | System and function | - Weight of function Importance X X
components | level vulnerability | - Weight of component estimation
[5] Armors and Function !eyel - Hit probability of component FTA X X
components vulnerability
Armorsand | Component level | - Importance of component
[6] components vulnerability - Hit probability of component FMECA X X
Armors and System, function and | - Weight of function Importance
[7-8] components component level | - Weight of component estimation, FTA X X
P vulnerability - Hit probability of component and FMECA
This | Armorsand | All of the above | Penetration of armor/component All of the above
aper | components urposes - Importance of component methods” © ©
Pap P purp - Hit probability of component
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Table. 2 Properties for defined threats

L Penetration depth

Category Description Type (RHA)
Bullet Type A (plstol) KE 3mm
Type B (rifle) KE 12mm

.| Type A (Anti tank) KE 800mm

Projectile Type B (Anti tank) CE 500mm

Missile Type A (Ship to ship) CE 600mm

Type B (Ground to air) | CE 400mm

Torpedo | Type A (Ship to ship) CE 400mm
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Table. 3 Changing rate for defense ability

Threat type Armor type | Spa(changing rate of DA)
KE RHA 11
(Kinetic energy) CA 0.9
CE RHA 0.8
(Chemical energy) CA 1.2
b Po (szzq x SDA) (4)

2 = (omor) 7} 4glemPoletal 71451 H, RHA tiju] #Fs
AJ5(STeg) 2] (1)l 2] 600 x 4/ 7.85 = 305.73’¢]
Hrek =3 fEe S577F 2t oAU AHCE)o) L,
£ A%(Po)o] 500mmoleti 7gshd, WE AdsQl
STeqi= 0.99] Hi &= 71A17] 2ol X7 ¥ 35 (Pres)
2 2] (4)°l] ©J3} ‘500 - (305.73 x 0.9) = 224.84’ 7} ¥t}
uheba] tol Yol osf B E AL, R BE s
o] ‘22484’ et= A& &+ Qlek 71 &, #7417} 50mm,
W=7E 1191 Gk 5] T A=, 4 (2)f 23] &
HF 5-32-0] W5 (Deomponent) = 50 x 1.1 = 55’7} =] 1,

A5 E AT A Q9 RE YRS 4 (3)0]
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HES WY FO| AR BE AL '16084%0]ek
A& o 4 ik olefat W oE AR AR BE A
52 5 W A4 o g thE TH RE] L 2
H5t7] Sl5to] AHE-HCH16]

Rest of p i Rest of i
energy : 224.84 energy : 169.84

Hit Penetration Damage
Analysis | Componeml Analysis

Threat Shot line >

| | [Component property]

[Threat property]
- Type: CE - Thickness : 50mm
- Penetration - Durability : 1.1
depth: 500mm [Armor property]
- Type: CA
- Thickness : 600mm
- Density : 4g/m?

Fig. 1 Conceptual diagram of penetration analysis
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Fig. 2 Petrol Killer Medium (PKM) modelling
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600/6002.2 A4 s}k A2z o 2 1144 A (hull)
o] Z7i= 15~30T(1.5~3cm) A =2 A7Fo 2 K 7]of|=
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rolut A& wol7] fItt 7 252 A2 55 1L
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o, AT Al @of TRt W8 3F 4of A E]shith

Table 4 Defined two scenarios for vulnerability analysis

Scenario no. Armor name | Thickness | Armor type
Armor(top) 200 RHA
Scenario 1 -
(before enhanced) Armor(mid.) 300 RHA
Armor(bot.) 300 RHA
Armor(top) 400 CA
Scenario 2 -
(after enhanced) Armor(mid.) 600 CA
Armor(bot.) 600 CA
3% Threat : Missile Type A (Ship to ship) / CE / 600mm

M o
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Fig. 3 An example of analysis for hit probabilities (case
of scenario 2 / side of PKM model)
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