creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

YA SR

SESIMB Z#919)Z @ DEVS Al E#old¢
)&% A% AY £H

Vulnerability Analysis for Armored Fighting Vehicle
using SES/MB Framework and DEVS Simulation

20151 8¢
g Frhsta et

AFE FE
A @ 7



= e Hd)e] SR SRt ® Qe

ded o HF A F ()
o g SFEE ()
dog el g A ()

20153 6¢¥ 29¢

S A R B <



List of Tables

1

List of Figures

Abstract

A1RZAE

iii
v

vi

A2 A DR AL

2.1 AE A 2" FHekA BA

2.2 SESIMB Z g i3

2.2.1 SES/MB

2.2.2 DEVS

© O O W W

Al 3 7 SES/MBE ©]&&
31 JA Axde] Tz

ok

AR Al 2¥] 2dF
h=R= b

3.1.1 SES ¥ PES

11
12
12

t

=

o]

&

w
o
> >
[ o

3.2 A=t
3.2.1
3.2.2

i
o,
1o
i

ful
b

o

do
1ns)
i
ko

g,

33 #F
3.3.1
3.3.2

o =
4 2 @ o

(
-

o
)
ry
oft

dr %2 N o2 YR
=
)
ez
=
of
ko

i
o
ofy
ko
b

17
31
31
34
38
38



47

A 47 AN R FAGE 4

4.1 A&d o]
4.2 F°F

47

pa

A

51

i

0

A

61

AsSsZAE

62

i
)

N

63

!
pk

e



List of Tables

Table 3.1 Attribute of normal component

Table 3.2 Attribute of critical component
Table 3.3 Attribute of armor

Table 3.4 Attribute of projectile

Table 3.5 Importance of attack components

Table 3.6 Importance of defense components

Table 3.7 Importance of movement components

Table 3.8 Importance of communication components

Table 3.9 Importance of detection components

Table 4.1 Set of threat for simulation

Table 4.2 Attribute of LeftArmor T
Table 4.3 Attribute of Intercom

Table 4.4 Attribute of RightArmor_T

Table 4.5 Result of simulation

Table 4.6 Component classification by criteria

Table 4.7 Importance of attacked components

Table 4.8 Data of kinetic energy projectiles : Test 1

31
32
33
33
43
44
45
46
46
47
48
49
49
50
51
52
54

Table 4.9 Penetration check and damage of components : Test 1 «eeeeeeeer

Table 4.10 Vulnerability of components and Kill-type : Test 1 sesseseeeeeeses

Table 4.11 Vulnerability analysis result : Test 1

Table 4.12 Data of chemical energy projectiles : Test 2
Table 4.13 Penetration check and damage of components : Test 2 s

Table 4.14 Vulnerability of components and Kill-type : Test 2 seseseeeeeeeeseee

Table 4.15 Vulnerability analysis result : Test 2



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

2.1 Example of SES
2.2 Example of PES
2.3 Example of model base and simulation structure
3.1 Diagram for simulation structure modeling
3.2 SES of Vulnerability Analysis System
3.3 PES of Vulnerability Analysis System
3.4 Design of Armored Fighting Vehicle
3.5 Simulation structure of Vulnerability Analysis System
3.6 Port relation of overall structure
3.7 1/0 port of Periscope
3.8 1/0 port of Cannon
3.9 /O port of Fire Control System

3.10 I/O port
3.11 I/O port
3.12 1/O port
3.13 I/O port
3.14 1/O port
3.15 I/O port
3.16 I/O port
3.17 1/O port
3.18 1/O port
3.19 I/O port
3.20 I/O port
3.21 1/O port
3.22 1/O port

List of Figures

of Sight

of Hatch

of Smoke Bomb Discharger

of Body Armor

of Turret Armor
of Wheel

of Return Roller (L)

of Return Roller (R)

of Road Wheel (L)

of Road Wheel (R)

of Projectile

of Communication Device
of Fuel Tank

_iv_

11
13
15
16
19
20
20
21
21
22
22
23
24
25
26
27
27
28
28
29
29
30



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

3.23 1/O port of Power Train

3.24 State diagram of Generator model

3.25 State diagram of Transducer model

3.26 State diagram of LeftArmor_T model

3.27 State diagram of Cannon model

3.28 State diagram of Projectile 1 model
3.29 Weight tree for functions of Armored Fighting Vehicle

3.30 Weight tree of attack components

3.31 Weight tree of defense components

3.32 Weight tree of movement components

3.33 Weight tree of communication components

3.34 Weight tree of detection components

30
34
35
35
36
37
40
40
41
42
42
43



Vulnerability Analysis for Armored Fighting Vehicle
using SES/MB Framework and DEVS Simulation

Kim, Hun Ki

Department. of Computer Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

To improve the survivability of an armored fighting vehicle,
vulnerabilities should be analyzed and improved. To analyze the
vulnerabilities, shooting real missiles to an armored fighting vehicle is
required, but it is impossible due to high cost and riskiness. In order to
overcome such constraints, this thesis proposes the modeling and simulation
methods. This thesis uses SES/MB framework for modeling armored fighting
vehicles consisting of various components. Additionally, the thesis proposes
the method to simulate the vulnerability of the armored fighting vehicle by
adopting DEVS formalism. This thesis identities whether components of the
armored fighting vehicle are penetrated or not by penetration formular
according to component types. Also, It analyzes the vulnerabilities with
component state changing which considers the relation of position by
criteria of side hit. After that, vulnerability of the armored fighting vehicle

are analyzed based on importance of damaged components.
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Fig. 3.6 Fig 359 AlE#olAd FZFol|A 7k & =dl  ‘Generator’ ,
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Fig. 3.6 Port relation of overall structure
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Fig. 3.7 I/O port of Periscope
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Fig. 3.8 I/O port of Cannon

Fig. 3.9 ‘Fire Control System’ =@ ¢ ¥ &8 X EE Yepd 19
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(M ¢ %
go] mojofgtt}, weba  ‘Turret Armor’ P2 ol &Y XEE 7}{13}.

FCS_in_fTA Fire Control FCS_out_tTA

system

FCS in_fproj

Fig. 3.9 /O port of Fire Control System
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Fig. 3.10 1/O port of Sight
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Fig. 3.11 1/O port of Hatch
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Fig. 3.12 I/O port of Smoke Bomb Discharger
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Fig. 3.13 I/O port of Body Armor
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Fig. 3.15 1/O port of Wheel
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Fig. 3.19 I/O port of Road Wheel (R)
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Fig. 3.20& ‘Projectile’ =9 ¥ 2 =¥ ZEE Uehd ¥ olth sty
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Fig. 3.20 1/O port of Projectile
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Fig. 3.21 1/O port of Communication Device
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Fuel Tank
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Fig. 3.22 1/0O port of Fuel Tank

Fig. 3.232 ‘Power Train’ 2= {48 9 =¥ ZEE Uehd Igo|th
‘Power Train’ 2dL ‘Body Armor’ R 2o} ‘Left Armor (B)’ a2 AH
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— —|  Transmission
PT in trans_in
trans_out
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PT_in_fwheel . eng_out PT out
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Fig. 3.23 1/O port of Power Train
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3.2 Az NzH9 7F 249

et BE FF 7 7=
Periscope 30 1.1
Cannon 19 1.2
Fire Control system 80 1.4
Sight 30 1.1
Hatch 60 1.1
Smoke Bomb Discharger Sl 1.1
Caterpillar 70 1.0
Idler Wheel 45 1.3
Return Roller 30 1.1
Road Wheel 55 1.2
Sprocket Wheel 55 1.3
Antenna 3 1.0
Intercom 25 1.1
Transmission 90 1.6
Engine 90 1.6
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Table 3.2 Attribute of critical component

iz
o

K
iy

‘.mo

B2, A Abolol AlEtE, Eets T2 554

}

Projectile
Fuel Tank

A7) 9

/;‘__]

AT

i
o

o)

oju

—

A

& Ao o] Folx

=k
=

2ol

Q7] WEo] Ba FL ol BE Ao ugd wet Z3

2=
T

1+
B

e

X

e

X

ol
He

N

i
o

—
o

o}
0

X
oju

0

dr

o] wel B3t Ao H|Lo] =22 Z, Table 3.37 o] Azt

AT

FA 7}

L —

) Y

‘Right Armor’

‘Turret Armor’ o] A& Az =
- 32 -

E._t_i_o.]
= =

o
50° oW, B 27417}



Table 3.3 Attribute of armor

A EF AR Az A | B 24 ve%)
Left Armor 40 75
Right Armor 40 75
Body Armor
Front Armor 30 85
Rear Armor 30 60
Left Armor 50 85
Right Armor 50 85
Turret Armor
Front Armor 40 90
Rear Armor 40 65

Table 345 91@ee] £4¢ Jehil ®olth. €5 ouAge 27de o
st BASH, 53 oA A3re] BHlolA AZwa A, wd 5o =
b MUAE ol gste] FABY. F, 53 JUARS WARIE FHOE 1
FW7A WalE 9Y = Qi ol mhel W9l THo] AMsd How WA
A Aolstanh WA W gdve 1A FEE J1FoR xF P yEO

ya

=
28 ztol H®, CAD wdlo] Zme} 33149 BE 4404 g 5
sho] @Me wE7 s AR We 12 B Fae Adwh

Table 3.4 Attribute of projectile

AP EF o)E BE ASmm | 1A E(+xy)
KE_150 150 -
=5 MR = KE_250 250 -
KE_350 350 -
CE_100 100 4.0
3}8} oA gk CE_180 180 12.5
CE_260 260 21.0
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‘Generator’ =9 2 ‘Transducer’ 2d-& X33 mE HIE =
‘passive’ AElQ} “‘busy’ HHIE 71AH, ¥ ZTES E3 Eole =
22 YoM HeEsta &8 XEE JAHE WERUWHA 2d HEj7l Hold
=3

Fig. 3.24%= “‘Generator’ =29 AJelEolH, ‘busy’ HEHIE Z7] FEI= 7}
71tk ‘Generator’ =92 AlEHolAo] AZREHTA o|F, T/, #F K%, IAX
ARE 72ty = eSS st ‘gen_out’ XTEE F3)
oA AZH AAE 9249 FF Ed=2 s ARE o
Ht=t}  ‘Generator’ =92 ‘Transducer’ RAZHE] AlEH oA F5E &

g WARAE ‘geniin’ LEE Sl A HW  ‘passive’ GEIE Ho|HT

class Threat
f
1
CString thrName; K
gen_out ThreatType Type; gen_in
double restEnergy;
double x;
double y;

b

class Stop
{ bool stopMSG; };

Fig. 3.24 State diagram of Generator model

Fig. 3.25= “‘Transducer’ 22 o] Ael=o]H, Fig. 3.5¢] ‘Armored Fighting
Vehicle” =&  ‘AFV_out” TEZ d2d 9¥gg %L A5 HHE
‘transd_in’ ZEE F3 AT AL ¢ 48 w=g o] u, 139 AlEEH

g
4 #A5IAE ZIAT 94
o}

:L

JHE FF ARz, Bl o #5H
& wol IE Ye FE
53

‘transd_out’ XEE

w3l “‘Transducer’ gL

|

golde] FRHAATS LHde WAAE



‘Generator’ a2 Rl ‘passive’ AHE FHo]HTh

class Threat

{
1

CString thrName;
ThreatType Type;
double restEnergy;
double x;

double y;

transd out  class Stop

tranSd—ln { bool stopMSG; };

Fig. 3.25 State diagram of Transducer model

Fig. 3.26& Aate] Au 2F
de ol FAY JEl WIHE spAch 2]

A
= o
‘cannon_in’ ZEE Fal f@wte] S0tk A¥Ee] oE FEFES HF

o H o

R |

‘busy’ EIE ol m, ‘cannon_ou

_‘_'6;
g 9 A5 FFe JHE g Z9d2 JGsta ‘passive’ HFEHIZ ol

35
(m
il
o
ofo
ol
2
o L &

class Threat

{ CString thrName; enum thrType;
double restEnergy;
double x; double y;
Cstring componentList[i]; };

cannon_in

class Threat
{ CString thrName; enum thrType;
double restEnergy;
double x; double y;
cannon_out Cstring componentList[i]; IX

Fig. 3.26 State diagram of Cannon model
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Fig. 3.27& Xv HEFo=2 EF3+ ‘Projectie 1’ o] HeZolt}. %7]
el ‘passive’ ZJElel®, ‘projllin’ XEE B3 ¥ wo] Eoj2th HAt
of dwt FEEFI viUMAIE,  ‘LeftArmor_B’ =& ‘LeftArmor T’ &3 Z
02 BES #EI T ‘Projectile 1’ REE Eo]& Ao|ztd, ojd HE S
BEG olFe] o] BE A% 9 BEW mde] Arsl Qg P
ol #E AH53 ‘Projectie 10 2do] W3 A5E vluste #E oRE
AAFslal ‘busy’ AEIZ HolE ™, ‘projl_out’ TEZ YIS YHW ZFo
T ‘passive’ HAEHIE ZolHT} o]e} o] ‘Projectile 17 Ed Ik FEH
U3 AH ol AAFe HAAT Projectile’ B AW FFo| &=
Edojuz il BEFHE= g2A qdn. AlEdold AHE s Y
3= ‘Transducer’ R#o] WA =HE REFS] #%F AHHo|  ‘Projectile’ ,

‘Fuel Tank’ ¢} 22 AW HFo] &5 U= A9, Ay} euse= AL
2 At

.q PR class Threa
proj l—ln { CString tl:rName; enum thrType;
double restEnergy;
double x; double y;
Cstring componentList[i]; s
class Threat
{ CString thrName; enum thrType;
double restEnergy;
. double x; double y;
pl‘OJl_Ollt CstringcomponemListE,i]; I
Fig. 3.27 State diagram of Projectile 1 model

Fig. 3.28& Axzte] A3t 5 ‘LeftArmor T’ ¢ ®do] AH=ZE Yeld Ao

H, O 2% 2dE o9 2 A WHE /AT RF rdd A=
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‘passive’ el

= =
S A ARE FAAste] B I ¥F HAF F busy’ JeE ol

ot ‘busy’ AEldlME e A5 A LeftArmor T' =d9]
3}

[e)

S5 vwdEte #AE AXRE A, O A34E ‘LAT out’” TEZE YH

‘passive’ JEIZ Hol= o)

. class Threat
LAT_lIl { CString thrName; enum thrType;

double restEnergy;
double x; double y;
Cstring componentList[i]; b

class Threat
{ CString thrName; enum thrType;
double restEnergy;

LAT out double x; double y;
- Cstring componentList[i]; s

Fig. 3.28 State diagram of LeftArmor_T model
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o
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o
ol
ol
£
>
ofo
rd
=

Pres = PO - Steq (3'1)

21 B.2w FEFo g #F A4S & u AREstE Steq A4bA o]tk Table
3.1~Table 3.2°04 Aozt FZF FAE L/t HW, ¥F WTEE Rovabiiy
7F At See= A2 CAD 2] FHA|e) BT s oA ALS3t=E A
o Hils BF7] s A&ste wi&olH, Ao Stegs ALE WE Y
Al AHEE S

Y

o

o 4y

‘|_

ol

Steq = L[/(Lth X Ss'ize X RD'ur(Lbility (3'2)

AZNA, Ly » BE AR 3 BF 57
Ssize Z(ij]' HH% (= 1.2

Rpuravitiy @ &Y W=
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Steg= A4t wet =24 AAHET. 4 332 AFPeo
= ol AHESte Steq AL olH, FFO] Steq A4k el
Rpuraviity AN, 0 armors Reas 0 rms A& 3k
S 71Fo 2 397 Wl 7.87g/cm’ F& AHE@Th B3 AAe] wE&S UE
W Reaw Table 33004 A3 ghe ARESH, RHA 2525 UEtWE o

= 7.85g/cm® #+e ALgETH

L X pArmor X Ss’ize X (1 + RCA) (3 3)

PRHA

path

Steq =

AZNA, Lpan © BE AZO o3 A7+ F7
0 amor = A W= (= 7.87g/cm’)
Ssize © A2F HIE (= 1.2)
Rea @ 5 &4 vl&

0 rua - RHA U (= 785glcm3)

N
off
2
=
il
L
ofy
P
W
°c o
<,
(m
o
o
u)
=
)
rlr
N
A
Lo
A
>~
Ll
%
K3
Y
M
o

NS AA ‘FAMttack)’ , “Fol(Defense)’ , ‘olE(Movement)’ , ‘%
(Communication)’ , ‘=X (Detection)’ & EFalFor, 7z 75 W H

¥
o] 7}Fx EflE Fig. 3.30-Fig. 3348t 2tk 59T AZo A= REY 7HE

A e @ 10 oln, Aol wel BRT RES EA G EH 1 ol
o] FLAAW, B3 B4 9 o5} BAY LFL A

Ho}. AApe] 2E V)
o)

5
Aol W Ve FPss PRnE AR b % M dugew



Hir

< 7HAE 7HIH21)

Armored Fighting Vehicle

Attack Defense Movement Communication Detection

0.28 0.22 0.24 0.12 0.14

Fig. 3.29 Weight tree for functions of Armored Fighting Vehicle

Fig. 3.302 &4 FF9 7leAE yetd Edoltt. ke 74 FEe 34
719l ‘Cannon’ 2 ©& ¥4 HF W& ddHoez 2 7HSAE 7HA
o, ‘Projectile’ =3 ¥4 7]5dA Z HSE AAFEE £ JIFEHE B
Attt &4 5 WolA ‘Projectile 1° o TAEE d= &9, 4 (249
Alxk2oll whgl  ‘Projectile®] 7} X Projectile 19| 715X’ 2 AAtEH,
‘0.25 x 0.34 = 0.085" 7} ‘Projectile 1’ ¢ Q8 %7} H ).

Attack
Cannon  Fire Control System Sight Projectile
0.45 0.15 0.15 0.25
|
Projectile 1 Projectile 2 Projectile 3
0.34 0.33 0.33

Fig. 3.30 Weight tree of attack components
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3 ‘Turret Armor’ 7} =& 7153
Armor’ & ‘Turret Armor’ ¢ F
‘Rear Armor’ & diido=s 94 ggo] W7 Wi, ¥ 7Isx& 713

=

Defense
Body Armor Turret Armor Smoke Bomb
Discharger
0.35 0.45 0.2

Smoke Bomb Smoke Bomb

Front Armor Rear Armor Side Armor Front Armor = Rear Armor Side Armor Discharger 1 Discharger 2

0.55 0.15 0.3 0.55 0.15 0.3 0.5 0.5
Left Armor Right Armor Left Armor Right Armor
0.5 0.5 0.5 0.5

Fig. 3.31 Weight tree of defense components

Fig. 3.32& ol& FF9 7FAE 4Yepd Egeo|w  ‘Return Roller 17,
‘Return Roller 3° & HAx}te] slF5S ®o| W= HEOZ  ‘Return Roller 2’

2’ , ‘Road Wheel 5’ &
O A4S & 7 Ade FEOIEE o 52 715A
2 B3t Azl AA oA ‘Caterpillar (L)’ &) FREE o 59, ‘o
T FF9 7t X Wheel®] 7}gX] x Caterpillar (L)9] 7F&32]" & A4hE o
T+ ‘024 X 04 X 0.09 = 0.00864° 7} Ao}
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Movement

Fuel Tank Power Train Wheel
0.25 0.35 0.4
/—Iﬁ /—I—’ Return Roller 1
E Return Roller 2
Fuel Tank 1 Fuel Tank2 Transmission Engine Return Roller (L)  0.07 Return Roller 3
0.5 0.5 0.5 0.5 Return Roller (R) 0.07 ﬁeturn ﬁo::er;
Idler Wheel (L) .11 eturn Roller
) Return Roller 3
Idler Wheel (R) 0.11
Road Wheel (L) 0.08 Road Wheel 1
Road Wheel 2
Road Wheel 1 0.16 Road Wheel (R) 0.08 Road Wheel 3
Road Wheel 2 0.19
Road Wheel 4
Road Wheel 3 0.15 Sprocket Wheel (L) 0.15 Rz:d Wh::l .
Road Wheel 4 0.15 Sprocket Wheel (R) o.15 Road Wheel 6
Road Wheel 5 0.19 .
Road Wheel 6 0.16 Caterpillar (L) 0.09
Caterpillar (R) 0.09

Fig. 3.32 Weight tree of movement components

Fig. 333 54 29 712X 8 U Edoln, £4 2E 3 4o
= A

= “‘Intercom’ ©] ‘Antenna’ ol vla} AAHoRE =& V=X E /X

Communication

Communication Device

1.00
Antenna Intercom
0.3 0.7
Antenna 1 Antenna 2
0.5 0.5

Fig. 3.33 Weight tree of communication components
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2 Yehd Egoltd. ‘Hatch 3° & #Hx}9
T4 F AxAo] wix=EE 9IX=Z, ‘Hatch 1° 2 ‘Hatch 2° o Hls) th&
o

Detection
Periscope Hatch
0.55 0.45
Hatch 1 Hatch 2 Hatch 3
0.33 0.33 0.34

Fig. 3.34 Weight tree of detection components

Table 3.5 ¥4 FF9 T8EE et X2, Fig. 329904 34 7]5<
7hs 21}k Fig. 3.30014 34 HF 7tsAE 4 Q4 A&t 4=t

Table 3.5 Importance of attack components

715 = TLE
Cannon 0.126
Fire Control System 0.042
Sight 0.042
37
Projectile 1 0.0238
Projectile Projectile 2 0.0231
Projectile 3 0.0231
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Table 3.6 wWo] BZF9o FQ8EE Yehd 3E =, Fig. 3.2994 ®o] 759
7FEA 9k Fig. 331004 wo] F-Fo 7teAE 4 Q4 2 &t =8ttt
Table 3.6 Importance of defense components
7 RE FoE

Front Armor 0.01155
Rear Armor 0.01155
Body Armor
Left Armor 0.04235
Side Armor
Right Armor 0.01155
Front Armor 0.01485
o]
Rear Armor 0.01485
Turret Armor
Left Armor 0.05445
Side Armor
Right Armor 0.01485
Smoke Bomb Smoke Bomb Discharger 1 0.022
Discharger Smoke Bomb Discharger 2 0.022
Table 3.7& o]& HF9 TLEE Ued =, Fig. 32994 °]F 7|59
7t A ¢t Fig. 3.32014 olF F-Fo 7IEAE 4 Q4 2 &3t =3kt
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Table 3.7 Importance of movement components

7% e TaE

. Transmission 0.042
Power Train :

Engine 0.042

Fuel Tank 1 0.03

Fuel Tank

Fuel Tank 2 0.03
Return Roller 1 0.002419
Return Roller (L) Return Roller 2 0.001882
Return Roller 3 0.002419
Return Roller 1 0.002419
Return Roller (R) Return Roller 2 0.001882
Return Roller 3 0.002419
[dler Wheel (L) 0.01056
[dler Wheel (R) 0.01056
Road Wheel 1 0.001229
Road Wheel 2 0.001459

olF
Road Wheel 3 0.001152
Road Wheel (L)
Road Wheel 4 0.001152
Road Wheel 5 0.001459
Road Wheel 6 0.001229
Road Wheel 1 0.001229
Road Wheel 2 0.001459
Road Wheel 3 0.001152
Road Wheel (R)

Road Wheel 4 0.001152
Road Wheel 5 0.001459
Road Wheel 6 0.001229

Sprocket Wheel (L) 0.0144

Sprocket Wheel (R) 0.0144
Caterpillar (L) 0.00864
Caterpillar (R) 0.00864
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Table 3.8& &4l BE9 =9%

—a

Ll

e}
7VEA 9 Fig. 333014 B4 HEFo| 71EA

EZ, Fig. 329914 F41 759
2] (240l A L3t A=A

=

Table 3.8 Importance of communication components

715 Al F= TLE
Antenna 1 0.018
Communication Antenna
Rl . Antenna 2 0.018
Device
Intercom 0.084

Table 3.9 ®©A #F FLEE UE
7+E X9} Fig. 3.3404 &R FEF9| 71F X

E=Z, Fig. 3299014 A 7]5<
2 @249 A st A=

mlm £

Table 3.9 Importance of detection components

7% A RE TLE
Periscope 0.077
Hatch 1 0.02079

A
Hatch Hatch 2 0.02079
Hatch 3 0.02142
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Al 473 AEEeld R ASFE &4

4.1 NEdHolA

S|

31 ANA AT AlEd ol olF|aAE o]&dte] M} kA 21
@<l ‘Vulnerability Analysis System’ & T&#3}3t}h.  ‘Vulnerability Analysis
System’ & Microsoft Windows 7 Professional K(64-bit) <G| 27l A

m

1=}
RUNe |

Microsoft Visual Studio Professional 2013, C++ o] & A}&3le] 7fdsldt). =
ZOHNA ALEStE A BEo i 2 A A+ Autodesk AutoCAD
20082 Arg3std AAG M BAE 7o R s, v FHAA K1 ¢
K1A19] Fx¢ F4 FF AdA¥ks & Bdojth

kg 4 A48 o= Table 419 P& TAst= A o= HAsAH
¥ ‘KE_250° 2F= °ol&S 7Fxl, “250° o #F AHess /A= ‘&%
oA’ o] Hxte] SHS ]fP_E sho] FaE (460,170) 0.2 WHALE T

Table 4.1 Set of threat for simulation

Ade
ol & KE_250
T w5 A
#F Ads(mm) 250
F3E(X,y) (460,170)

=

HAgsto] WAETE HAApe] 7 BEF 2Ele 24l FHiel 9Y
H w3ale], 172 oRE FAd3ch  ‘Turret Armor’ ¢ AR FE3Zo
‘Left Armor’ + 3 (460,170)0 dlEsl= HxS HFo|m=ZE

! Jl-l} ™
do fr

f
e
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‘LAT in> ZEE 53] ‘LeftArmor T’ 2 E9{7}A Ht}h.  ‘LeftArmor T’ =
Axpe] HF F A3rel sfdsiH, Table 3.3014 BYd A3te] £A4& 7HA L
Tt Table 4.2 ‘LeftArmor_ T’ 9] £$A4& Uehd ez FA+= ‘507, &
g AAle Hl&2 ‘85%° oltt.

o rr

Table 4.2 Attribute of LeftArmor_ T

27t M5 Azt =7 3 &A v&(%)

Turret Armor Left Armor 50 85

wF HS SsiA A G DS AREstH, S1dee] A5 A5 Ae 1250°
7} 9ot M3 A %9l Stege ‘LeftArmor_T® 7} AzFol==E 2] (3.3) o] &3}
o (4.3} 7o) “111.2828° o] =t}

. 2 X 1.
Steq = 20T 877X851 2 X185 99172828 (4.1)

ol BF o= Tk AsA, Rk Stege A G.De] Aol &5t
2] 2. Rl A Steqs wh ko] FFolm 2 g Ero]  ‘LeftArmor T’
g #5S Ae 9usta, CLeftArmor T’ & #&% o|Fo] 2o #F A5
P

P,,. = 250 — 111.2828 = 138.7172 4.2)
2l (4.2)90 4 AXR o] BAE A Pes FHE (460,170) Ao e o

|
HZol “‘Intercom’ o= HGHTE ‘Intercom’ & HE= &AL Table 4.33%

Z2om FAE ‘25, WFEE ‘117 & 7HA e FFolth
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Table 4.3 Attribute of Intercom

nE =7 W

Intercom 25 1.1

‘Intercom’ & Yyl BZof st E EZzo] AE A2l 2 3.2 F

43km, 2] 4.3)7 o] A4tso} ‘Intercom’ ¢ Steg: ‘33’ o] Hrh.

2

Steq=25x1.2x1.1 =33 (4.3)
‘LeftArmor_T’ & #53F o]|F 9 o #F H52A Puce U H3F2 IF
< AT o A7t A S, ‘Intercom’ o #F AL A (4.4} o] ALl

At A (44)ANA P FFol Ygolm=Z ., ‘Intercom’ & #EH AL on|sta

kel #F A% ‘105.7172° & Ty REOE gk
P, = 138.7172 — 33 = 105.7172 (4.4)

2 (4D A ALtE ko B#E As Pet FH3E (460,170) Aol A=
HEFQ ‘RightArmor_T' & HAE#E . ‘RightArmor T’ = Table 4.4%}
FA ‘507, B &A9 vlE&L ‘85%° & 7HAH, A sdsiEz 2
(3.3)9] Steq A2 & AHE-IT

Table 4.4 Attribute of RightArmor_T

27t ME Azt =7 53 &4 ¥&(%)

Turret Armor Right Armor 50 85
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2] 4.5+  ‘RightArmor_T’ o] Steqs A4FsE 2lojm, “111.2828° ©]
‘RightArmor_T’ ¢] %35 Al%o] At}

X 7.87 X 1.2 X 1.
Steq = 2227 877 = 55 _ 111.2828 (4.5)

‘Intercom” & #FF o|FY o #AF HF Pe= ‘RightArmor T’ & &
T Ade AT AddA A7E HW, A @63} Zo] AXMEAT. Pl kol
‘-5.5658" = AqtERom® fHeo] ‘RightArmor T® & #FshA X3 A
< Ymg

P,,. = 105.717 — 111.2828 = — 5.5658 (4.6)

Table 4.5 & ‘KE_250° & FH3E (460,170)= HALSE Ao tidk A&
olde] AxE Jehd 3Folt}.  ‘LeftArmor T’ ¢ ‘Intercom’ & #Eo] Ho]
‘100%° ¢ Haf7} dAYskF A,  ‘RightArmor T’ + AL ZAAT #FL2

HA ¢kttt ‘RightArmor T’ 7F e J&l= ‘(I8 AEME AH¥) X
100(%)° = A4 4 dom, “(105.717/111.2828) x 100 = 94.9985%° 7} =
=

Table 4.5 Result of simulation

H0Ad 7F T T 3 34 (%)

LeftArmor_T i o5 100
Intercom ARk HF w5 100

RightArmor_T et n# G 94.9985
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42 A%Y A

41489 ANEHoIA AHAE ol &t HFO FAEE J|Wog FHPS F
A g Aot "ape BES 34T, W), foler, w Al
I’ 5 st 7es 7HAH, BFY BEo g Qe T Ve s A o
Jd70] = FHekgol "ok Jlwel wWE I8 7IFS Table 4.63 o]
F-Kill(Firepower-Kill), A-Kill(Armor-Kill), M-Kill(Mobility-Kill),
C-Kill(Communication-Kill), ~ D-Kill(Detection-KilDZ &3}ttt ‘Projectile’
7 ‘Fuel Tank’ 7} s}&d A9, %S oy AY Axe dF F3ho] E7}
TY E ABZ ol dd r|EdAe Azl duEE AR ERSH

K-Kill(Catastrophic-KilDZ 7 ¢]3}$3 tH22,23].

N

(2

Table 4.6 Component classification by criteria

715 = o3| 7%
Cannon
=4 Sight F-Kill
Fire Control System
Body Armor
o Turret Armor A-Kill
Smoke Bomb Discharger
Power Train
ol-& M-Kill
Wheel
Al Communication Device C-Kill
Periscope
= D-Kill
Hatch
Projectile
23k K-Kill
Fuel Tank

_51_



BEY A 4 U
5 4% ol As)e Ax
nEol Aokde wahd AR

Vulnerability

I

D
IC

o 7] A,

=9

i

Table 4.7& A&
£3ld g5 22
‘0.01485° o],

dglonz

NAYH REY A mE

0.11295” 7} = of AA Hefde

= iDIIQ
i=1

¢ 45 o

dolAde Ay thsh
R0z AH
‘Intercom’ ¢ &
‘0.01485° o], 4.14 9

(94.9985/100) x 0.01485

EEEE

T8 =

sk

1_. .

Fsw

e},

AlEdold Z2HolA=
= 0.0141" o HIFAH =

‘0.01485 + 0.084 + 0.0141 =
‘0.11295° 7} #H}.

2ol Agdrh shbe] REA g Ackde ¥
BE FAES] FOE AN, WAYH BE

4.7)
2, 2 (4N FHeFAE ALk A
‘LeftArmor T’ & =8+

0.084° o]t} “RightArmor_ T’ ¢]
©94.9985° ©| ]3|
7HAA Bt

Table 4.7 Importance of attacked components

vA4d 7 3] 3(%) TLE

LeftArmor_T 100 0.01485
Intercom 100 0.084
RightArmor_T 94.9985 0.0141

rok

3.3.24d A A2

) &l 7]Fo wE FHFA
‘LeftArmor T’ <}

Aol

B 3¢
e

7ol mE TS AE

(o)
< B4 &
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=

‘Intercom’ & ‘&4 FFolth. F, v 7|ES A-Kill# C-Kille] =Hw, 2
(4.89)%] ALl ALstH o3 2o o’ BEL JITE ER7dA
‘0.22° 9 7}=EXE MR wekA ‘LeftArmor T° ¢ T3] 7]1&Fd wWE F
ofM e ‘0.01485 x 0.22 = 0.003267° , ‘RightArmor_T’ ¢ FFAH &
‘0.0141 x 0.22 = 0.003102° 7} ¥ 1 &2 °0.006396° o] Ho, ‘o’

BEF dA HEF ‘17 F 0.006396° ¢ A-Kille] TS ATt =29
ot T3, ‘Intercom’ & ‘TA7 FEFOZ J]FHE JlEsA= ‘0127 & VMR
o A 4.8 Ak &t ALketH 0.084 x 012 = 0.01008" ©] =
of, ‘TAl’ FF AA HEF ‘17 S 0.01008" & C-Kille] H¥F AL
& ATk

Vulenerability, = 2]1 V. WE, 4.8)

A7, x - FF I8 71E
x = {F(Firepower), A(Armor), M(Mobility),
C(Communication), D(Detection), K(Catastrophic)}
V3 A
WE : 715l & 754
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AE 1A= Table 4.87% 2 &5 AUAES AFToE HASAT 9
ek ‘KE_150" , ‘KE_250" , ‘KE_350° o=  7Z}7}¢ “150mm”
‘250mm”’ , ‘350mm’ ¢ #E M /HRT =3 Y PEo] WALE = FHE

= (770,130)20.2 A As 9T}

Table 4.8 Data of kinetic energy projectiles : Test 1

HEe A= o= #HE A5 (mm) ZFEXY)
1 KE_150 150
2 KE_250 250 (770,130)
3 KE_350 350

Table 4.9+ Table 4.89] 9FES WALSte] Algdolde] AAE Aozl
F9 #F oAF ¥ Y HE=E Jehd Folth. A" ‘KE_150°
‘LeftArmor_B’ & #E3ste]  “100%” o IAsE FA, ‘Caterpﬂlar L’
#E3HA Eshar ‘78316652%° < FEE FAT. AF "KE_250
‘LeftArmor_B’ ¢} ‘Caterpillar_L.> & I&Fstd Z+2H “100%° & H3&

flo -lu:

flo rlo

-[N

A,  ‘Transmission’ & IFstA Eslal  47.314229%° o IsE FIATh
¥Eet ‘KE_350° & ‘LeftArmor_B’ , ‘Caterpillar_L’ , ‘Transmission’ <
#Este] 2z ‘100% o HE FA3, ‘Engine’ & #HFA Zsta

5.200224%° | HsE F3AH.
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Table 4.9 Penetration check and damage of components : Test 1

AE A" FF s Gl 3 3} (%)
LeftArmor_B o 100
! Caterpillar_L v|#F 78.316652
LeftArmor_B a5 100
2 Caterpillar_L o5 100
Transmission V&5 47.314229
LeftArmor_B a5 100
Caterpillar_L o5 100
’ Transmission #5 100
Engine v 5 5.200224
Table 4102 IAH FF Fkd 2 Jaf 7] UERH sEolth

‘KE_150° & HIE3 BE fgete] #AFS  ‘LeftArmor B’ <
@79 Aol wel €0.04235° 7} =8, Ztol
A-Kille] #t}.  ‘Caterpillar_L” £]

o= #EHA A}

B S
£78.316652%" ©]

‘0.006767" o] =™, f¥de ‘KE_250° ® ‘KE_350°
Lo BEHe (100%° o WAE Y:
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Table 4.10 Vulnerability of components and kill-type : Test 1

A uAd 55 - s 7l&

LeftArmor_B 0.04235 A-Kill

! Caterpillar_L 0.006767 M-Kill
LeftArmor_B 0.04235 A-Kill

2 Caterpillar_L 0.00864 M-Kill
Transmission 0.019872 M-Kill
LeftArmor_B 0.04235 A-Kill
Caterpillar_L 0.00864 M-Kill

’ Transmission 0.042 M-Kill
Engine 0.002184 M-Kill

Table 4.11& Table 4.9 % Table 4.109] A¥E Fa =& FHFH 4
ANE el xolth. A3 loAs #E B =24 HAT A A
‘KE_150" , ‘KE_250° , ‘KE_350" <& WA}stHar, v
2 FYsitt. HxE (7701300 si@stEA 7 HxE aAHEs BES
‘LeftArmor_B’ o]az, Al $@ & Z%7} ‘LeftArmor_ B’ & #5533t} Table
4119 FA Azl @ FHFgNA Al  #HPEe BES

o)
A€ Olt #%OJ ‘RightArmor_B’ 77}111— J?ﬂr% dsol AEHA Eeala,

ek f1EE KE_350° Boh o] & #F Aes iz el o8 A=
o™ ‘RightArmor_B’ 714 #5¢ % Jdtt. M-Kild= ‘Caterpillar L’ ,
‘Transmission” , ‘Engine’ o] si@stH, A& #& Aol @& s A

ol TAsES FHeFAdol ALtEH A
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Table 4.11 Vulnerability analysis result : Test 1

Ag e 3] 7)Zo) w2 ok WA H A
F-Kill 0
A-Kill 0.04235
1 M-Kill 0.006767 0.049117
C-Kill 0
D-Kill 0
F-Kill 0
A-Kill 0.04235
2 M-Kill 0.028512 0.070862
C-Kill 0
D-Kill 0
F-Kill 0
A-Kill 0.04235
3 M-Kill 0.052824 0.095174
C-Kill 0
D-Kill 0
2 49 2
Ag 24 H3 ouAwe ddBoE  MPRAL,  AFTL
‘CE_100° , °‘CE_180° , °‘CE_260° < Z+zy ‘100mm’ ,  “180mm’ ,

260mm’ o] #F e 7HATh BF 38 A ge Table 342 oo
wel 974 MAs JhAE Aze] wies 120 2 AAsiy] wEe, d¥e
‘CE_100" , ‘CE_180", ‘CE_260" & ztz} ‘48, *7.2°, ‘96" ¢ =4
WeE 7R,

_57_



Table 4.12 Data of chemical energy projectiles : Test 2

A | e o]2 | #E HAmm) | IF HY(xxy) | FHEXY)
1 CE_100 100 4.8
2 CE_180 180 15 (480,191)
3 CE_260 260 25.2

Table 4.132 Table 4.129] YPetS LAISI A EHolde AAE ozl
&9 #% oF ¥ e H=E YvERE Folth Y¥" ‘CE_100" 2
‘LeftArmor_T* o] “89.861144%° ¢ IH3& FAx, $1¥= ‘CE_180° &
‘LeftArmor_T* ¢} ‘Intercom’ & #S3t ZHZb *100%° o H3iE FUch
= ek ‘CE_260° & ‘LeftArmor T’ ¢ ‘Intercom’ , ‘Hatch 2’
#Este] 22k 100%° o HlE FlaL, “Sight” o=  ©98.8282%° ¢ 3|

Ll

o
f

Table 4.13 Penetration check and damage of components : Test 2

A= A" FF 5= TN 3 54 (%)
1 LeftArmor_T v 35 89.861144
LeftArmor_T = 100
’ Intercom s 100
LeftArmor_T = 100
Intercom a5 100
’ Hatch 2 oE 100
Sight u#E 98.8282

N
o
<
o,
Y
=3
o
v}
do
o
.

Table 4.14= AA"H FFo FHd 2 Jsf 7]
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‘CE_100" o <3l #A" HEFL  ‘LeftArmor T’ o]H, $gdeko] #H31A
7] wiitol  “89.861144%° o el tHd FHeFAd  ©0.048929° & Xt
$1ge ‘CE_180° % ‘CE_260" & ‘LeftArmor_T’ ¢} ‘Intercom’ & I%
stRal, H¥E  ‘CE_260° & A ®HLo ujrlj)r ‘Hatch 2° & #%3ta,
‘Sight” dlx= ds& FAoh. ‘Sight” & 34s WAAN #AFHA= Fhe

o2 °98.8282% < Iafol ok ‘0.041508° 9] HeFAH-E 7HRITh

Table 4.14 Vulnerability of components and kill-type : Test 2
Age | wZdE 2E 2 Ao 3 712

1 LeftArmor_T 0.048929 A-Kill

LeftArmor_T 0.05445 A-Kill

’ Intercom 0.084 C-Kill

LeftArmor_T 0.05445 A-Kill

Intercom 0.084 C-Kill

’ Hatch 2 0.02079 D-Kill

Sight 0.041508 F-Kill
Table 4.15= Table 4.13 ¥ Table 4.149] 23 & F3] =¥ HIFAH E49
A3}E Uil otk 43 204+ #5 As 2 94 B E g=EA 2R
A fgg ‘CE_100° , ‘CE_180° , ‘CE_260° & TAbslal, dAE FHEs
(480,19D% Fdslth. & oduAES TAG A 13= 28 34 HHY7t
AHEJA7] wFoll, AP ‘CE_180° % ‘CE_260" ¢ ZA-fe #5 4%
ol & FA®E ofUg G Wl Y REFE L mHL 1 ARt

HE = AT
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Table 4.15 Vulnerability analysis result : Test 2

AE= & 7lE mE b4 A H A
F-Kill 0
A-Kill 0.048929
M-Kill 0 0.048929
C-Kill 0
D-Kill 0
F-Kill 0
A-Kill 0.05445
M-Kill 0 0.13845
C-Kill 0.084
D-Kill 0
F-Kill 0.041508
A-Kill 0.05445
M-Kill 0 0.200748
C-Kill 0.084
D-Kill 0.02079

_60_




AsS5d 2 &

Bl

SEX

=A== SESIMB Z#|dd¢l= % DEVS &

B

)

—_
o

oju

stgjom,

R

o
=

dr

)A
r

)

)
RO
oF

o
oju
<
;r
o
o
H

=

S

Heo| Antz AR AANA AX
WelA AAsE L&

1=}
L

s 7=

=i
=

=, A% AA 2ok

71\

=
=

—
o

X
fig
oju

A

3

g}:

o A5 & i, o= AFE Alz=Hle]

Fol TEHAY Eo] WAYL

-

=y

S|

F7H S A7 E8

)
~
o

oju

ol
He

_61_



aAY 2

7K

—

.AH
ig

A gl =

HH

u

=gyt

o, I%<eke] HAge oAl gk AL

4.

I

Eld

w

FA AL

oju

o [e)
‘C‘E_—Tg

12 Y ool YES B

SFA
o}

AlERUS. =, o

H7F = A

-

ol
Nio

gyl

o]

o}

SHAl H A

b &

o

B

=g 18R

S|

of of

E=e) =
Efa gL F

AAZAA A}

FUh

2

257} Ho) FA 3,

RER

g

g 2ol %

SFA
o}

Uk o

22

=
T

o}

o)
)

il

o

_—

A4 A=A obAglel AeEs)Fa

ATFAIAE A =E YT

w

ulJ
=

o

oju

2 7tE S BAEFA L

il

)
o=

.
o

ba ApEU

AN

I sA.

i

sAo R MATYS ARE S

U

%l

)

_62_



F1ER

[1] Michael O. Said, 1995. Theory and practice of total ship survivability for
ship design. Naval Engineers Journal, 107(4), pp.191-203.

[2]1 &, A77], oA, 2012. A& A =" HEAF £4E5 ST doHE
ZIgk - 2dEg 2 AEgold.  IFFEHELY]I =7, 16(12),
pp.2581-2588.

[3] A=z, HA, 1992. AEAFe] AR &4 B 27|, 744 Js,
166, pp.48-55.

[4] CONDAT GSS, http://www.condat-scheyern.de/

[5] Alion Science and Technology MOTISS, http://www.alionscience.com/

[6] Ball, R.E., 1985. The Fundamentals of Aircraft Combat Survivability

Analysis and Design. AIAA education series: New York

[7] &2+, A7), oA, o=, WFA, 2018 AF A28 5 A=A
BAS 93 A% )4 mZeade] Mt 201395 A8 7]« 8)
3] Fg=os]. pp.1997-1998.

[8] &, olAlS, oA, HEA, 2015. AT A=l AEH £S5 A

32kl #F M ZEIOH R Ax RES o R
8}5] =], 19(1), pp.244-250.

[9] FFaf, o1 BAl, o1, Wi, olsi®, 2013. AT A=we] &3t A
dZ =z N FFYHEES=ES, 17(1), pp.255-261.

[10] &3, A&A7], o)A, oldF, o]&Rl, ols, 2013. =3t ZpAje] <
g AT A=E HoRY 24 2O N 20139 E S5 ARt

S
Hy
ox
ke
ol
[

[111 Z1332], o]4d, A&, 2011, FHeFHZ 7]wke] 4 FHopA Ito] B7E
ol ek AT bieFRI 5 =5/, 48(5), pp.404-413.

_63_



[13] &4, HIX, o148, A&, 2012. A&7 /MNd2A EAS Fuzzy

oJEE Hed HEY AGE BAVN AT WI24E FFIFLFY

H} Jod, 2014, AAAAEZTF] HFH HILE 93 8o
EA  wlm. 20149E  3IFCAD CAMS}3]  SHAstenfs =27

Lo

[15] &=+f, vhEs, W, ol8A, 72, 2014 FFE 1% ¢ 2 o
A S AFste AEE dy AlZ=H 7H‘%. = op e =] L] of & 5f

3] 7], 38(4), pp.456-462.

[16] &7, A7), ol AS, o1&, 2014. AT Az®l Y24 BHS 7
Fo BEO FAE AA /W AT 2004 A13] YA s BE

(17] &5, olAE, TR, oA, 2015. FFe $8EE5 &83 334
Az zmd Ziuk AEA B Al2H N Y H ERE

TN

19(5).
[18] Zeigler, B.P., 1990. Object-oriented Simulation with Hierarchical,

Modular Models: Intelligent Agents and Endomorphic systems, Academic

Press.

[19] Zeigler, B.P., 1984. Multifacetted Modeling and Discrete Event

Simulation, Academic Press.

[20] &7, &&qF, A9, olZA, 2015, M3k HFAE £4<& 3 DEVS
71k AlEE ol oI |A AA. 2015 st AR Sl <53 et

3.

- b4 -



[21] W. E. Baker, J. H Smith and W. A Winner, 1993.
Vulnerability/Lethality Modeling of Armored Combat Vehicles - Status

and Recommendations. Army Research Laboratory, U. S.
[22] Michael V. Carras Jr, 2006. BDA Enhancement Methodology using

Situational Parameter Adjustments. Air Force Institute of Technology.

(23] M. D. Burdeshaw, J. M. Abell, S. K. Price, and L. K. Roach, 1993.
Degraded States Vulnerability Analysis of a Foreign Armored Fighting
Vehicle. Army Research Laboratory, U. S.

_65_



	제 1 장 서 론  
	제 2 장 관련 연구  
	2.1 전투 시스템의 취약성 분석 
	2.2 SES/MB 프레임워크 
	2.2.1 SES/MB 
	2.2.2 DEVS 


	제 3 장 SES/MB를 이용한 전차 시스템 모델링  
	3.1 전차 시스템의 구조 모델링 
	3.1.1 SES 및 PES 
	3.1.2 시뮬레이션 구조 

	3.2 전차 시스템의 부품 모델링 
	3.2.1 부품 및 위협탄 모델링 
	3.2.2 모델 상태도 

	3.3 관통 해석 및 전차 부품 중요도 
	3.3.1 부품 및 장갑 관통 해석 
	3.3.2 전차 부품의 중요도 


	제 4 장 시뮬레이션 및 취약성 분석  
	4.1 시뮬레이션 
	4.2 취약성 분석 

	제 5 장 결 론  
	감사의 글  
	참고문헌  


