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A Methodology for Integrated Reliability Analysis

of Combat Systems

Hun-Gyu Hwang

Department of Computer Engineering,

Graduate School of Korea Maritime and Ocean University

Abstract

Combat systems accomplish missions in military domains and should be reliable.
The reliability of the combat systems is the ability of avoidance and tolerance of
damage from threats. To build high-reliable combat systems, reliability analysis for
each component in combat systems is required in the design phase. The component
should be improved in performance through the analysis. For this reason, many
researches have highlighted the reliability analysis of combat systems and most of them
are based on modeling and simulation because combat systems as analysis targets are
very dangerous and the purpose of analysis is limited to certain areas such as military
domains. Such researches, however, are restricted to analysis targets (eg. armored

fighting vehicles and warships) and analysis purposes (eg. penetration and flash-fire).

_iX_



In order to alleviate the limitations, this thesis proposes a methodology of integrated
reliability analysis for combat systems based on modeling and simulation. The proposed
methodology consists of four steps: The first step specifies user requirements and
defines a analysis scenario. The second step selects models of components in a combat
system and generates the models for simulation. The third step generates a simulation
architecture which consists of the models and conducts a simulation to compute hit
probabilities of the models. The final step analyzes integrated reliability for the combat
system and, for analyzing reliability, uses two methods which this thesis proposes:
The first method -calculates occurrence probabilities of kill-criteria based on hit
probabilities for function-level reliability analysis by using the fault tree analysis
(FTA) technique. The second method analyzes criticalities of components based on
importances and hit probabilities for component-level reliability analysis by using
the failure mode, effectiveness and criticality analysis (FMECA) technique. For
verifying the proposed methodology, this thesis develops a integrated reliability
analysis system for combat systems. Through various experiments, this thesis has
observed that the proposed methodology is promising for reliability analysis for

combat systems.

Consequentially, the proposed methodology can overcome the limitations of
previous researches, can analyze the reliability of combat systems against various types
of threats, and can evaluate the integrated reliability based on function-level and

component-level analysis in the design phase of combat systems.

KEY WORDS: Integrated reliability analysis; 5% 4124 41, Survivability analysis;

A& B4, Vulnerability analysis; 3 2Fd £41; Combat systems; 15 A|2El,
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Table 3.5 Selected components and type of AFV (cont.)
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Table 3.6 Selected components and type of PKM
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Table 3.6 Selected components and type of PKM (cont.)
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Fig. 3.5 3D CAD models of components for AFV(side view)
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Table 3.7 Properties for Defined threats

T 83 CRi #F A% (RHA tiH))

F& Type A KE 3mm

e
%% Type B KE 12mm
A XL E Type A KE 800mm

zg
A XL Type B CE 500mm
A o & H AL CE 400mm

u ALY
St el ALY Type A CE 600mm
ol g S| ALY Type B CE 400mm
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Fig. 3.9 Process of the importance calculation
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Table 4.2 Properties of selected components (cont.)
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Table 4.2 Properties of selected components (cont.)

T4 849 +3 A
Sl 50
27 g HE
WTEE 1.0
7 60
3 X(1) Uyl B &
Yis 1.1
sl 60
3 X](2) Uyl BE
Yis 1.1
7 60
3 %](3) g HE
Wie 1.1
7 50
i gl HE
U= 0.8
A 20
QHEI U3 Ul Rz
8= 0.5
7 20
QI UH(-%) gk HE
Yis 0.5
A =}k =59 -
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Fig. 4.4 A weighted tree for armored fighting vehicles
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Fig. 4.5 A weighted tree for components of F-Kill

T WHAZ, MKill Zd 2-8¥® 74 84 58 gGEQ yExE 47 A3
‘025, 98 B3 030, FIAAE 0200, 2ZF 025E ARG, 3-g9E F

4 aall 98 #BAEFH) 0500, AR B E(F) 0500, FHAEEF 0.507, FI
A=) 0500 Ao, 17 460 olE =453 /A EE UE
W

=

o o —

A
T
25

0.25 | 0.30 0.20
| |

e diE) dHdEd3(®) FEHAZ@E) FEHRHIZ(R)
0.50 0.50 0.50 0.50

O9H 4.6 M-Kill #&8 T4 849 75X Ed
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Fig. 4.11 A result of penetration and effectiveness analysis for components (front)
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Table 4.3 A result of penetration and effectiveness analysis for components (a part)

. (A=

195. T ZAM(P1 : 4-50.7, P2 : 4.50.7)
2} F-3& : armor bottom.igs driver.igs hatchl.igs gunner.igs
armor_bottom.igs : 3 A/HAF(FF FFAHA : 180),

=4/ 55U (commander.igs, driver.igs, gunner.igs)
driver.igs : ¥ A/AFXH TFAHA : 180)
hatchl.igs : ¥ &/#FXF{ TFAHA : 114)

gunner.igs : 3 4/AF X TFAHA - 114)

196. T ZA M (P1 : 4-50.6, P2 : 4.50.6)
W=} F-3F . armor_bottom.igs driver.igs fuel tank left.igs
armor_bottom.igs : ¥ A/AFX{ TFAUA : 180),
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fuel tank leftigs : ¥ A/ (X7 AFAHA : 180)

F7F T3] F3F : Cater_lefrigs(PM AT (EFAE : 51.11%)
F7F J3 H-3F . engineigs(HF, FHF JFAUA : 2)

. (A=
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Fig. 4.12 A result of hit probability analysis for components (front)
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Table 4.4 Front hit probabilities of components

T4 844 4 3 (He) A FE(Puc)
Fx 2 0.738007
AHA BA A& 6 2.214022
EFoF (1) 12 4.428044
BkoF71(2) 12 4.428044
EFek11(3) 16 5.904059
x5 173 63.837638
Azl 37 13.653137
A5 "Bz 5 1.845018
Az B39 5 1.845018
259 (2 29 10.701107
TE 5 ($) 29 10.701107
e 172 63.468635
A7) 60 22.140221
745 114 42.066421
5% o] AA(=hH o 0.738007
5% o] AA($) 2 0.738007
Autet WAl (3 4 1.476015
Autel HhAL7) (% 15 5.535055
)7 7 2.583026
= (1) 4 1.476015
3l %] (2) 5 1.845018
3l %] (3) 5 1.845018
=7 32 11.808118
S13= AR Ve 34 12.546125
QFE| L} (9 34 12.546125
A2 172 63.468635
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Fig. 4.13 A result of penetration and effectiveness analysis for
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Table 4.5 A result of penetration and effectiveness analysis for components (a part)

. (A=

203. A (P1 : 30.-3.8, P2 : -30.-3.8)

Wz F-3F : armor top.igs projectileBox2.igs

armor_top.igs : ¥ A/AF (7 FFAHA ¢ 100),
2R/ %

© < (commander.igs, driver.igs, gunner.igs)

=)
A=}
projectileBox2.igs : 3| 4/AF(ZF FFolHA : 100)

F7F 3 H-3F : electronic device.igs(Z5, HF TFTAHA : 60)

204. A API : 30.-3.7, P2+ -30.3.7)
WzF F-3F : armor bottom.igs
armor_bottom.igs : 3 A/HAF(FF FFAHA : 180),

=4/ 559 (commander.igs, driver.igs, gunner.igs)

. (A=
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Fig. 4.14 A result of side hit probability analysis
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Table 4.6 Side hit probabilities of components

T4 844 4 3 (He) 94 FE(Puc)
Fx 38 7.786885
A B A 2 0.409836
EkoF (1) 0 0.000000
gek1(2) 8 1.639344
Ehof31(3) 8 1.639344
Iz 360 73.770492
Azl 0 0.000000
dE B33 0 0.000000
Az B39 0 0.000000
A =FD 60 12.295082
A =(F) 279 57.172131
e 359 73.565574
) 96 19.672131
2743 263 53.893443
S5 vho] AA(FH) 10 2.049180
S5 o] AA (%) 10 2.049180
Autel ¥hAL7) () 5 1.024590
Autelk A (S 5 1.024590
273 6 1.229508
32 (1) 5 1.024590
3 %1(2) 5 1.024590
3 %1 (3) 5 1.024590
247 12 2.459016
QFE V() 21 4303279
QI VH(-F) 21 4303279
A 2} 360 73.770492
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Table 4.7 Result of importance calculation for components

&) 7]+ T4 8449 TS

Fx 0.0750

ArA A A 0.0600

F-Kill ok a1(1) 0.0306

(T4 ¥4 74 84 EhoF31(2) 0.0297
elok1(3) 0.0297

A 0.0750

A=l 0.0625

s BAF 0.0375

M-Kill A= HAE 0.0375

(°ls #H 74 84 F3HAI=(Fh 0.0250
A = (5 0.0250

ZZFF 0.0625

A1) 0.0700

2 2¥ 3P 0.0700

A-Kill 5 Wl AA = 0.0200

(o] I 74 8h) 5% o] AA (S 0.0200
Auter WAL (3 0.0100

Auter WAL (S 0.0100

-7 0.0600

S-Kill 3l %] (1) 0.0306

(A #4d 74 84) 31 =1 (2) 0.0297
311 (3) 0.0297

=47 0.0300

C-Kill QFEl (= 0.0150

(B2 #E FA 24 FEIH-T) 0.0150
A 2} 0.0400
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Fig. 4.15 A result of importance calculation for components

& 7€d 44d FES E437] A =2d I4 FES hte=

FTA 7182 A§3th o8 9iste] A 74 92 L AF 74 Q20 B3
E4¢ 1% ¥, 7t 74 akie] @A AND ¥ OR ACJER ¥dH

Fault TreeE TA3%Ch WA FKille] 7%, 8Fa(l), &F1(2), &F1(3)2 I
Aol o3 stuets E4EE Ax AA IdFE = T Je AW FFol7)
ol AE 78 84AE BER/SI OR AloJER x¥

AR, goFa, F4o RE A @47} FKill Ao A2 AHo] Y 9

93, FE, A4 FA

_84_




/

e s G #@
ééb

19 416 F-Kill ¥¥d 4 249 FT
Fig. 4.16 A fault tree for F-Kill

dete &4HE A3 dAe 4ge = + g A9 BEY g 9
REog PRl OR A0ER, FAARE) 4 FIAAR(PE St 917
o &l

71w AND AloJEE %
Ho

OJ-
1>e)
3, AR, Ads B3 FIAE, 2FT58 IAl= OR AlOJERZ xHs)

| |
[w=wa | [=88= | e >
N
LT'J
(zh (%) (%)

19 417 MKill #E 74 249 FT
Fig. 4.17 A fault tree for M-Kill




Al AR =2 AKillY] 45, A 2 AHEhH= OR AlPlEZR, 5F Wol A
AEH 2 55 W] AAR)E AND Al|ER, dvtg IA|(F) 2 Aute
HALZ]($)= AND Alo]|EZE 3R oM, 222 AKille]l OR AlOJEZ ¢
At A4, 5 dol AA F Ay dAE surt o= Qs
g Ui shurt sl 715 S 3T 4 37] wEdd AND ACER
E3sPom, o] 19 4.189 =433t YENAAT

e

]

.

§y A iN)

|
=z L ssaoAA B
|

ak @ | dJ
HA (=D HAER) A7 |(Z AL (2

O 418 AKill #H 4 849 FT
Fig. 4.18 A fault tree for A-Kill
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19 419 SKill #¥E A 249 FT
Fig. 4.19 A fault tree for S-Kill
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Fig. 420 A fault tree for C-Kill
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File  Kill

‘I] Analysis
[FKil_[ AKill [ M-Kill [ 5Kill [ C-Kill | K-Kill |
a .fZFDDDnDtB$:81
0.35‘3334?02
A
I |
front : front :
D.14}052?79 0.059293?2
0, 35331 14 0, 3&338{382
A
Tont Tont Tont -
0,04425044 0,04423044 0,05904059 0,01476015 0,05535055
zide @ 0 side zide : zide : side :
0, 01639344 0, 01533344 0, 0102459 0, 0102459
kil Front Side 08 Py A
069531883 0. 76695375 ' — Side
A=Kl 05433235 0.62983024 <N M
M=Kl 0,6995756 0. 75423745 P4 |

S-Kill 0.02583515 001229614 \ / \

CKill 0, 68269425 0.74462856 04 \ / '

K-Kill 0.20008381 0, 05224202 '

o~ &= 0.2
QV
’
— = Faall AKIL MK S CHGll KKl
> N
19 422 I ZlEE A gE B4 2y
Fig. 4.22 A result of probability analysis by kill criteria
X 4.8 3| 72 A4 gE 74 A3HA/SH/HE )
Table 4.8 A result of kill probability analysis (front/side/average)

)8 7% gkl =z e
F-Kill 0.698319 0.766954 0.732637
M-Kill 0.699576 0.754237 0.589577
A-Kill 0.549324 0.62983 0.726907
S-Kill 0.025835 0.012296 0.019066
C-Kill 0.682894 0.744629 0.713762
K-Kill 0.200084 0.052242 0.126163
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3 49 FMECA 23 5 74 248 fd=
Table 4.9 A result of FMECA table with criticality of components (front/side)

o 2% |49 94|20 94| 2" | 2w
T4 8x9 | L (9% HF (BE AR RE A Y= | A¥=
- (A) (B) ©) (A x B)| (A xC)
Z3 6 2 6 12 36
AHE A A 6 4 1 24 6
ghekan() A 4 4 2 16 8
FKill | /)%
Feral) da 4 4 3 16 12
gheFa(3) 4 4 2 16 8
L 6 5 4 30 24
Uk 6 7 6 42 36
A= A 4 3 4 12 16
A8 WAT oI5| 4 3 4 12 16
MKill | 7] %
FEA=Eh PASN) 4 7 10 28 40
A E(F) 4 7 10 28 40
=FT 6 4 3 24 18
A7) 7 8 8 56 56
A1¥(3h 6 9 10 54 60
55 wol AAFH R 4 2 4 8 16
AKill | 7]%
55 ol AA) 232 4 2 4 8 16
ATEr AL () 3 3 3 9 9
At WAL (5 3 3 3 9 9
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3 49 FMECA 23 8 74 248 =A%)
Table 4.9 A result of FMECA table with criticalities of components (front/side) (cont.)

- Z9E |d9 97|29 94| 24d | 29
T4 aav 9w He |2E A |gE 5| 9= | A=
o (A) (B) ©) (A xB)|(A xC)
CKI 6 4 3 24 18
3 =] (1) A 4 3 3 12 12
SKill | 715
3121 (2) 232 4 3 3 12 12
3 %](3) 4 3 3 12 12
371 4 6 2 24 8
QHE UH(F &2l 3 6 4 18 12
CKill | 71%
FEIH) A}2) 3 6 4 18 12
AR 5 4 3 20 15
AR BE, SYEIE 30 Yo HAidow e T ast AW

A

S
+ HEH7E 540, Aol 4, E4T} 3009 £o= U
wom, Zmel A$o] FUEHI 60, FRCHOl 56, FRA=EH 40, T
E()7F 40, FEIF 36, AzFlo] 36’9 «OoZ YERT. odF Eof, ¥
AAEEH APEE dwe) ARt ZWo Fo ®A Ueonz
FAEEHE AhRT S| A0 ¥ Be 9L /AT W

AAe AAEE Zwe ARt AWl Ao A Yehtorms dxe 2

o AzH(Hel 567, 4

1
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Table 4.10 A result of integrated criticalities

4 247 339 74 2 5% f9=

o gunner.igs 60
A3 (3h armor_bottom.igs 57
T3 cannon.igs 54
A= commander.igs 50
ZFT driver.igs 48
i) armor_top.igs 48
T =(5) Cater right.igs 32
AHA FA A fire_control.igs 27
Az engine.igs 27
F27] electronic_device.igs 24
EANA scope.igs 21

QHE UH(5- antenna_right.igs 19.5

QHEI U3 antenna_left.igs 19.5
k1 (3) projectileBox3.igs 16
Eheka1(2) projectileBox2.igs 16
3 == Cater left.igs 16
Auter AL (- smoke right.igs 12
55 Wl AAGT) APS right.igs 12
S5 W AAEF APS_left.igs 12
3 =] (2) hatch2.igs 12
3 ] (1) hatch1.igs 12
ghekar(1) projectileBox1.igs 12
3 =] (3) hatch3.igs 12
Auter AL () smoke_left.igs 9
A5 "Ba=h fuel tank left.igs 8
dE "I fuel tank right.igs 8
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Criticality Analysis

File  Rate

Importance of Component

Hit Probability(front)

Hit Probability(side)

Mame | Importance | Rate Marme | HP(frant) | Rate MName | HP(side) | Rate
antenna_left 0.015 3 antenna_left igs 0, 125846125 a antenna_left igs 0.04303279 5
antenna_right 0,015 3 antenna_right,igs 012846125 a antenna_right,igs 004303279 5
APS_left 0,02 4 APS_left igs 0.00738007 2 APS_left igs 0.0204918 4
APS_right 0,02 4 APS_right,igs 0.00738007 2 APS_right,igs 0,0204918 4
armor_bottorn 0.07 B armor_bottorn, igs 0, 42066421 9 armor_bottorn, igs 053893443 10
armaor_top 0.07 B armor_top.igs 0,22140221 a armor_top.igs 019672131 a
Cater_left 0,025 4 cannon,igs [0,00738007 b cannon,igs [0, 07786885 B
Cater_right 0,025 4 Cater_leftigs 010701107 a Cater_leftigs 012295082 a
cannon 0.07% B Cater_right,igs 010701107 a Cater_right,igs 067172131 10
cammander 0.04 5 cormmander,igs 0, 63468635 10 cormmander,igs 073770492 10
driver 00,0625 B driver,igs (1, 063468635 B driver,igs [0, 73565574 10
electronic_device 0,03 4 electronic_device.igs  0.11808118 a electronic_device.igs  0.02459016 4
engine 00625 B engine,igs 013653137 a engine,igs 0 1
fire_contral 0.06 B fire_control,igs 002214022 4 fire_control.igs 0,0409836 5
fuel_tank_left 0,037 4 fuel_tank_left igs 0.01845018 3 fuel _tank_left.igs 0 1
fuel_tank_right 0,037 4 fuel_tank_right,igs 001845018 3 fuel_tank_right,igs 1] 1
qunner 0.07% B gunner,igs 063837638 10 gunner,igs 073770492 10
hatchi 0.0306 4 hatchl,igs 0.01476015 3 hatchl,igs 0.0102459 3
hatch? 0.0297 4 hatch2.igs 0.01845018 3 hatch2.igs 0.0102459 3
hatch3 0.0297 4 hatch3,igs 0.01845018 3 hatch3,igs 0.0102459 3
projectileBox1 0.0306 4 projectileBox1.igs 0, 04428044 5 projectileBox1.igs 0 1
projectileBox2 00297 4 projectileBox2, igs 0. 04428044 5 projectileBox2.igs 001639344 3
projectileBox3 0.0297 4 projectileBox3 igs (0, 05904059 3 projectileBox 3 igs 0.01639344 3
scope 0.06 B scope.igs 002583026 4 Scope.igs 001229508 3
smoke_left 0.01 3 smoke_leftigs 001476015 3 smoke_leftigs 00102459 3
smoke_right 0.01 3 smoke_right,igs 0, 05535055 5 smoke_right,igs 00102459 3
4 113 2 4 " 2 4 i 3

Criticality(front) of Component

Criticality(side) of Component

Criticality(average) of Component

Marme | Criticality(front) Marme | Criticality{side) Marme | Criticality(average)
gunner B0 cannon B0 gunner B0
armor_bottorn 54 driver 60 arrnor_bottorn 57
cammander 50 gqunner B0 cannon b4
cannon 48 armor_bottorn 60 commander 50
engine 48 commander =] driver 48
armor_top 48 armar_top 48 armor_top 48
driver 36 Cater_right Gl Cater_right 32
electronic_device 32 fire_control 30 fire _control 27
Cater_right 32 Cater_left 24 engine a7
fire_contral 24 scope 18 electronic_device 24
antenna_left 24 electronic_device 16 scope 21
antenna_right 24 PS_left 16 antenna_right 19.5
scope 24 APS _right 16 antenna_left 19.5
projectileBox2 20 antenna_right 15 projectileBox3 16
projectileBox3 20 antenna_left 15 projectileBox2 16
projectileBox1 20 projectileBox3 12 Cater_left 16
smoke_right 15 projectileBox? 12 smoke_right 12
fuel_tank_left 12 hatch2 12 APS_right 12
hatchi 12 hatch3 12 APS_left 12
fuel_tank_right 12 hatchi 12 hatzch2 12
hatch3 12 smoke_left o hatchi 12
hatch2 12 smoke_right 9 projectileBox1 12
smoke_left 9 engine B hatzh3 12
Cater_left a projectileBox1 4 smoke_left 9
APS _right f fuel_tank_left 4 fuel _tank_left f
APS_left a fuel_tank_right 4 fuel_tank_right a

9 423 A4 24E Y9I =

Fig. 4.23 A result of criticality analysis for
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Table 4.11 Properties of selected components

T4 24w 3 &4
A 500 — 800
R EATENS A7} A (L x) RHA(7.85)
=5 U AN (RHA)
A 400 — 800
27313 A7} A (L x) RHA(7.85)
CRi S A2 (RHA)
3) AEdH A 7= A 2 AEHNA T3
- AW 2 S99 174 FE 24 AlEg oA
28AIA AAE REE Z[RoE AlE#HOA FX2E AAIFoH, I

B 7} o] uwh
AsA @R = AL A & F Y. T3 FAHOZ % HFFEYo] W=
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Table 4.12 Comparisons of hit probabilities of components (front/after enhanced)

T4 841 4 FEEHT ) v FEEF T
FE 0.738007 0.738007
AHA FA A 2.214022 2.214022
BkoF31(1) 4.428044 0.000000
EFoF11(2) 4.428044 0.000000
EkoF 71(3) 5.904059 0.000000
X 63.837638 42.435424
A=l 13.653137 0.000000
AZ B3F 1.845018 0.000000
AF BIA(F 1.845018 0.000000
T == 10.701107 8.856089
T =(F) 10.701107 8.856089
ZETT 63.468635 42.066421
A1) 22.140221 22.140221
A1 (sh 42.066421 42.066421
S5 ol AAEh 0.738007 0.738007
& Wol AA T 0.738007 0.738007
Autgk WA (F 1.476015 0.738007
Aeter WAL (7 5.535055 0.369004
-7 2.583026 2.583026
3l %] (1) 1.476015 1.476015
3l %] (2) 1.845018 1.845018
3l 21 (3) 1.845018 0.000000
27 11.808118 0.000000
QHEl V(= 12.546125 6.642066
HEI V() 12.546125 6.642066
Az 63.468635 42.066421
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Table 4.13 Comparisons of hit probabilities of components (side/after enhanced)

T4 841 4 FEEHT ) v FEEF T
F3x 7.786885 7.786885
AHE A A 0.409836 0.409836
BkoF31(1) 0.000000 0.000000
EFoF11(2) 1.639344 0.000000
EkoF 71(3) 1.639344 0.000000
X 73.770492 9.221311
A=l 0.000000 0.000000
A5 "33 0.000000 0.000000
AF BIA(F 0.000000 0.000000
T == 12.295082 12.295082
T =(F) 57.172131 57.172131
=TT 73.565574 9.016393
A1) 19.672131 19.672131
A1 (sh 53.893443 53.893443
& Wo AAEF 2.049180 0.000000
& Wol AA T 2.049180 2.049180
Autgt FAZ(F 1.024590 0.409836
Aeter WAL (7 1.024590 0.409836
-7 1.229508 1.229508
3l %] (1) 1.024590 1.024590
3 2] (2) 1.024590 1.024590
3l 21 (3) 1.024590 0.000000
27 2.459016 0.000000
QHEl V(=) 4.303279 2.663934
HEI V() 4.303279 2.663934
Az 73.770492 9.221311
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Table 4.14 Comparisons for loss of kill criteria (after enhanced)

sl 7& AHEZR ) | AQEZR ¥ | SHEZ ) | SHET F)
F-Kill 0.698319 0.441253 0.766954 0.166332
A-Kill 0.549324 0.548967 0.629830 0.629642
M-Kill 0.699576 0.425208 0.754237 0.154120
S-Kill 0.025835 0.025830 0.012296 0.012295
C-Kill 0.682894 0.423220 0.744629 0.092857
K-Kill 0.200084 0.000000 0.052242 0.000000

- 101 -




K-Kill

S—Kill

A—Kill

----- Kill probabilities of front (before) ——Kill probabilities of front (after)

O 424 93 7]FE A4 gE BladW)

Fig. 4.24 Comparisons of loss of kill criteria (front)
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Fig. 4.25 Comparisons of loss of kill criteria (side)
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Table 4.15 Comparisons of criticalities (after enhanced)

4 247 A 74 aan | (AT | R HES
SHEI U3 antenna_left.igs 19.5 15
QI UH(-) antenna_right.igs 19.5 15

%5 Wl AAEF APS_left.igs 12 6
55 Wl AAT) APS_right.igs 12 12
A3 (3h armor_bottom.igs 57 57
A1) armor_top.igs 48 48
F3 cannon.igs 54 51
3 =& Cater_left.igs 16 16
T =(5) Cater right.igs 32 30
A= commander.igs 50 40
ZFTT driver.igs 48 48
F37] electronic_device.igs 24 4
Azl engine.igs 27 6
AHE A AA fire control.igs 27 15
ds "= fuel tank left.igs 8 4
A5 BT fuel tank right.igs 8 4
o gunner.igs 60 48
3 =] (1) hatchl.igs 12 12
3 =] (2) hatch2.igs 12 12
3l =] (3) hatch3.igs 12 4
EFoF (1) projectileBox1.igs 12 4
EFoF11(2) projectileBox2.igs 16 4
k11 (3) projectileBox3.igs 16 4
A7 scope.igs 21 21
Auter AL () smoke_left.igs 9 4.5
Auter AL (- smoke_right.igs 12 3
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Fig. 4.27 Comparisons of criticality analysis result (after enhanced)
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Table 4.16 Comparisons between related works and this thesis

S [14-15] [16] [17-19] [20] [21] [41] [43] [45] [54] [56] [57] £ =
FHED | V|V v o vV v |V v
Ei - H(F) Vv v 4
FHAE) v v v
g | TAEZE) v v v v v v
z3 2D v v
o 3D v \/ v | Vv v oV v
BE v |V v
B e Vo v oAby | v | Y v
(@ | HAED v v v v
%2 v
qer | TA 9 v ol Y
T | dE sw v v
AT L agae | v | v VoV VoV v
M&S o % v v v
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Table A.2 Selected components and type of PKM (cont.)
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Table A.2 Selected components and type of PKM (cont.)
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= Property_Armor Elr% le;erEg-uM}g Type A E
Armortype ZHE M= @ 600 mm =

i Total Hits @ 422 =

| Densty 0 e e A_crew!.las Hits | 854 Frabaniiity : 83.856256(()

‘Weight Component Mame : A_crew2.igs Hits | 354 Probability @ 83.88625G(%)

2E SR 47 Component Mame @ A_crewd.igs Hits @ 357 Probability : B4.597156(%)

Component Mame : A_crewd.igs Hits | 355 Probabllity @ B4.123223(%)
Component Mame ! A_crewS.igs Hits ! 35% Probability : B4.123223(1)

~ |Component Wame : antenna_left.igs Hits : 16 Probability @ 3, 79146902
Export | Component Mame @ antenna_right.igs Hits : 19 Probability : 4.50237(%)

29 A9 AW T4 add 94 FE 24 23
Fig. A9 A result of hit probability analysis for components (front)

F A4 T4 84 A4 94 gE
Table A.4 Front hit probabilities of components

PEY 14 5% N7 FE(Pao)

Z(1) 44 10.426540

Z©2) 46 10.900474

Z(3) 45 10.663507

EkoF71(1) 25 5.9241710
oF

5

1(2) 20 47393360

-
EloF 71(3) 25 5.9241710

- 130 -



F A4 TH a2 A9 94 gE(AS)
Table A.4 Front hit probabilities of components (cont.)

5 uA 3= 94 B-E(Puc)
&% 352 83.412322
Z S 356 84.360190
I FFUQ) 354 83.886256
R ()] 352 83.412322
R e (()) 352 83.412322
A= 66 15.639810
ZE}) 16 3.791469
SR ETED! 15 3.554502
AEH F(9) 15 3.554502
»3F zzdA 3 11 2.606635
23F z2H($) 13 3.080569
7184 355 84.123223
ZER 356 84.360190
713 SFA() 354 83.886256
71%_FFH(Q) 355 84.123223
713 +FAQ3) 357 84.597156
&2 (E) 26 6.161137
A7HF) 149 35.308057
2743 177 41.943128

1) 354 83.886256

2) 354 83.886256

3) 357 84.597156

4) 355 84.123223

o] SH-2(5) 355 84.123223
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Table A.4 Front hit probabilities of components (cont.)

Bz o3 A A &E(Puc)
# ol 44 10.426540
R 353 83.649289
Ehx] S I2(1) 354 83.886256
HA_eFU(2) 354 83.886256
CIR= IBFEN 16 3.791469
SHE LH($) 19 4.502470
E A7} 354 83.886256
A=) 358 84.834123
E X AH] 9 2.132701
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3) 1%4e) 29 97 HE 24 AgHolA
Ay 7z AAPdE Algdeld x5 7Ivte =z u&H4g9] 33 4
22 2l ZUE V|FOR OF AANE AHste] AEHAE FHS
I, 9 24 BAo ARE 19 A103 F ASl YeRleH, 1174 gE
w40 A5 IY Al1F F A6l JERAATH
Integrated Reliability Analysis System @\
File Setting Analysis Simulation Criticality Calculator  FTA Analysis
o089 6% *00|30 |
ReportForm s
H48d %8 -¥H S7 (AKX ¥EY Type B, 72 : CE, #& g5 : 500

200, AP :30-3,11. P2 : -30-3,11)
WA SE ¢ armar_top, \E FroéecmleBoxE |?s =
armor_top.igs : 1I&/, ZHEH 100}, =H/AT &
projectieBox2 igs ¢ LLIR'/IFE (ME ZHEMH LA ¢ 100}

ZIH s 2 ZHEHUA

B & {commander,igs, driver.igs, gunner.igs)

2EZ  electronic_device igs(2HE, E& B0}

201, LLP'"‘(Pl 30,-3, WD P2 —SD =310}
WAL= PS,rl ht igs armor_tap, i S%I’GIECIHEEDXZ igs APS_leftigs
APS r\ght \gs oZ ﬁ

ulmg
==

armor_top,igs : II=H [ERA 5E|) /ME.* SR & (commander.igs, driverigs. gunnet,igs)
projectieBox2 igs ¢ EIR'/ FE LT

ZFH LGl 55 ¢ electronic_device. ige(2tE, 215 ZHEHULA @ 60

APS leftigs : I/ /0IBE(2 3 : 100%)

202, LLP""‘(PI 30 —39 P2 :-30,-3.9)

i = S ES armar_f tn ol sjﬁ:rn]ectlleEnx? igs APS_leftigs

APS r\ght \gs =] 2/'7’- =R

armor_top, s : 0| H/ZE(ES

ERE Sl 0. =
prn]ecll\eEan\gs LLI-Z“./:'-F%(BEEEMIHII

/Mc.* 2 &{commander,.igs, driverigs. gunner.igs)

ZFHLal 525 ¢ electronic_device igs(2HE, &5 ZHE
APS leftigs : /012023 100%;

203 WAL : 3038, P21 30 -3.8)

ui 25 *armor_top, \ ruéect\leBule _
armor_top,igs : Il = _\:F HUAT: 100), ==H/AS &
nro]ecll\eonE igs ¢ LLI-'/"/J';FE IPE ELEMILAF : 100y

7t Waf 2 ZEHLIF

HLAL : B0)

B2 (commander,igs, driver,igs, gunner,igs)

HE | electronic_device igs(BHE . BF 2+

Gl

204, WA (P12 30 37 P2 -30,-3.7)
WA SE ¢ armor_both ?
armor_bottom.igs @ LI“[S%(NE ZHEHLA ¢ 180), S A2

b =23 (commander.igs, driver.igs. gunner.igs)

[0

u

ol
=

g9 A0 ¥ 74 248 HF

Fig. A.10 A result of penetration and effectiveness analysis for

o &F

F 4

Al
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Table A.5 A result of penetration and effectiveness analysis for components (a part)

.. (A

624. A (P1 : 30.-10.2, P2 : -30.-10.2)

Wz} F-3F : armor bottom.igs fuel tank right.igs fuel tank left.igs

armor_bottom.igs : ¥ A/AFTXtF TFANHA : 359.388535031847),

A/ SFY(A crewl.igs, A crew2.igs, A crew3.igs, A crew4.igs,
A crew5.igs, C captain.igs, C crew.igs, F captain.igs, F crewl.igs, F crew?2.igs,
F crew3.igs, F _crew4.igs, M_captain.igs, M _crewl.igs, M_crew2.igs, M_crew3.igs,
M engineer.igs, S captain.igs, S_crewl.igs, S crew2.igs)

fuel tank rightigs : ¥ 4/&5 (X7 #HE A © 359.388535031847)

ol

F7F 3l F3F : engine.igs(F]FT(EFAE : 92%(-8))

!

fuel tank left.igs : ¥ 4/H-S(XF TEAHA : 359.388535031847)

1

[ol0

71 o . engine.igs(M| HE(EFAHE © 92%(-8))

i

.. (A=
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File Setting Analysis Simulation Criticality Calculator  FTA Analysis

i projectile_box1.igs
projectile_box2.igs
projectile_box3igs
=08 i
254

F_captain igs

F_crewl.igs
F_crew? igs
F_crew3igs
F_crewd.igs
=1 M-Kill
-~ engine,igs
steeting_gear,igs
= 8g 83
i fuel tank_lett.igs

2

= Importance Analysis
Weight 0,25

= Propery
Filenarne  F-Kill
Marne
Parent

SPHp oOOHDOEOY *60|38 |
Architecture Viewsr
L—_IIEHI -
[ 1
i cannonl.igs
i cannonZ.igs
L. cannond,igs
= e 3

Type

25 Y HF 2,
= Property_Armor BE nggﬁgm;\}g Type A

Armortype ZHE M= @ 600 mm

i Total Hits @ 1586
_,P_E”,S'Wuiﬂﬂ Companent Mame : A_crewl.igs Hits : 1338 Probability i &7.583885(%)
‘Weight Component Mame © A_crew2.igs Hits : 1398 Probability @ 87.593985(%)
HE J1ER 4F Component Name @ A_crewd,iss Hits © 1396 Probability : 07.593885(%)
Component Mame : A_crewd.igs Hits | 1308 Probability : B7.5893885(%)

Component Mame ! A_crew5.igs Hits : 1398 Probability @ 87.593985(%)
~ ||Component Mame : antenna_left.igs Hits : 16 Probability : 1,002506(% )
Export | Component Mame @ antenna_right.igs Hits : 19 Probability © 1, 190476(%)

T >

O" All 59 T4 a4d 94 g5 54 A%

Fig. A.11 A result of side hit probability analysis

® A6 T 848 59 94 FE
Table A.6 Side hit probabilities of components

BE 97 34

94 S5 (Puc)

Z(1) 65

4.072682

Z(2) 65

4.072682

Z(3) 66

4.135338

BkoF31(1) 25

1.566416

ok
ok

5

31(2) 20

1.253133

-
ehoF31(3) 25

1.566416
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Table A.6 Side hit probabilities of components (cont.)

59 4 3 A FE(Puc)
z&H 1401 87.781955
I () 1402 87.844612
A (#) 1398 87.593985
D ()] 1402 87.844612
DA E) 1398 87.593985
Azl 210 13.157895
ZE}H7] 12 0.751880
AS " A= 51 3.195489
ASEA(T) 51 3.195489
237 ZEH2(F 4 0.250627
235 Z2HH($) 4 0.250627
7187 1398 87.593985
ZEMH 1398 87.593985
718 _F5F4Q0) 1398 87.593985
718 _F5F4Q) 1398 87.593985
718 _+5F40) 1398 87.593985
) 14 0.877193
BHF) 319 19.987470
A3 (Eh 1065 66.729320
ol _SFA(1) 1398 87.593985
ol _S74Q) 1398 87.593985
ol _S74@3) 1398 87.593985
ol _S744) 1398 87.593985
ol _SFA(5) 1398 87.593985
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Table A.6 Side hit probabilities of components (cont.)

)
FHV922566550
SIS |T|8Z[(5/82]/&|8
v | TS| S| =S| ool
v [ T | T 0 ©O | N &N| &N | ©
|| R|R® | 5 |S| =0 0| —
< T I o I S A o I B O o Y S B
ﬁwl oo | O | o0 oo | o0
B
¢
oK N | = 0 | %
600069993
| ENRM ISR S S A B R (A
B
~ | ~ ~~
SEEERE
F BT E || P |
mOMﬂouTuTWWMouTno
LS | oo [ o | 2|2 |||
~ | ®° <
o | T __HHEO_EO
X | K |2 | oF <
W] e o

1) 8% A4A

el
Gl
™

0

qr

A.128} 2o
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Table A.7 A result of importance calculation for components

&) 7]+ 539 TLE
(1) 0.0340

Z(2) 0.0330

E(3) 0.0330

EkoF1(]) 0.0170

EloF1(2) 0.0165

F-Kill EFoF1(3) 0.0165
reH 0.0200

I SHFA) 0.0200

X FHUQ) 0.0200

X FFHUQR) 0.0200

X SsEL@ 0.0200

M= 0.1200

ZEH7] 0.0400

A=® A= 0.0400

A=ZEA(F) 0.0400

235 Z28 () 0.0300

M-Kill 3% ZEH YD) 0.0300
71 8% 0.0200

ZEMA 0.0200

718 F5F40) 0.0200

718 F574Q) 0.0200

718 SHFE0) 0.0200
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Table A.7 A result of importance calculation for components (cont.)

&) 7]+ BE% TLE
A1) 0.0080
AH(F) 0.0320
A1¥(3h 0.0400
Hho] S I3A(1) 0.0040
A-Kill
o] $3A(2) 0.0040
Hho] $3A(3) 0.0040
o] S3EA4) 0.0040
o] SF-A(5) 0.0040
ol 0.0900
A=k 0.0204
S-Kill
A S5F4() 0.0198
1= () 0.0198
QFE|LH(F) 0.0150
HE H(F) 0.0150
C-Kill A% 0.0150
A S 0.0150
A7 0.0400
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LBEBL ogogBesgdy *840(80

Impertance of components Viewer

Component | Importance %

Farent

Result

Type
= Property_Armor
Arrnortype

Density 1} ;J
Weight |
2E & 22

Export ]

9 AR 74 848 29w A A7)

Fig. A.12 A result of importance calculation for components
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I8 A3 F-Kill &8 FEZ9) FT
Fig. A.13 A fault tree for F-Kill

I9 Al4 MKill #H FFC] FT
Fig. A.14 A fault tree for M-Kill
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9 AlS AKill #9E FFO] FT
Fig. A.15 A fault tree for A-Kill

9 Al6 SKill #¥ FEFO FT
Fig. A.16 A fault tree for S-Kill

24

ol
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[Lt

9 Al7 CKill #¥d FF9 FT
Fig. A.17 A fault tree for C-Kill

&

|
el 70 D Cenan
& (=)

I8 A18 K-Kill &8 RZE9) FT
Fig. A.18 A fault tree for K-Kill
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TA = Fault TreeZS 7|HFo

f
K
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[N
e
ox
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b
et
o
Mz
1
rot
kW)
)
i
rot
=

5 Azde B3 AEA B4 Azde W) sE

¥ A8 A A

File  Kill Analysis

[kl [ A=Kl [ m=Kill [l [ G-l | K-l |

front
0,21575773
side
0,10339509

kil Front | Side .~/ 08 A
041150671 0.51977195 J IR
A-Kill 0,42655478 ' 0.51623612 " N\
M=Kl 056524352 ' 0.60881433 i e
S-Kill 0,631562346 : 0.68466193 ' ] \\
kil | 07121339 ' 0.7672984 ' 04 =]
K-Kill 0.21578773 0,10339509 \
0.2
F-Kill Akl M-KI S-Kill C-Kill KKl

I8 A9 T 7)FE A B8 2 Ax

Fig. A.19 A result of probability analysis by kill criteria
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Table A.8 A result of kill probability analysis (front/side/average)

s 71+ A 4 A
F-Kill 0.411507 0.519772 0.465640
M-Kill 0.426559 0.516236 0.471398
A-Kill 0.565244 0.608814 0.587029
S-Kill 0.631523 0.684662 0.658093
C-Kill 0.712134 0.767298 0.739716
K-Kill 0.215788 0.103395 0.159592

4) A" A 74 248 AdE Y

FMECA 71" 79te] 74 244 fds &4& 9ste] 44" T8x 3
4" 94 FEo M VIEe AEsden, & A9t Zo] I FH
3 74 248 3 R, v 9, A@=] B3 FMECA £& =E313
=3
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Table A.9 A result of FMECA table with criticalities of components (front/side)

TaE | AHY oA | 59 94| A9 =

321 2% lag| 1+ |98 u+|28 95| 99s | 99=

T (A) (B) © |AxB)|@AxC
(1) 4 8 5 32 20
2(2) 4 8 5 32 20
Z(3) 4 8 5 32 20
reH 4 10 10 40 40
2 ST 27 4 10 10 40 40
R (¢ 7% 4 10 10 40 40
= 25903 Gl 10 10 40 40
I s54@ 4 10 10 40 40
BFoF (1) 3 5 3 15 9
Elok11(2) 3 5 3 15 9
BkoF71(3) 3 5 3 15 9
A=l 8 8 8 64 64
dE B33 5 4 4 20 20
A5 BHAT) 5 4 4 20 20
71 8% 4 10 10 40 40
ZEpA ol % 4 10 10 40 40
718 SHFHQ) 7% 4 10 10 40 40
718 £FA0Q) Ry 10 10 40 40
718 F5F40) 4 10 10 40 40
2A5F Z=32(F 4 4 1 16 4
3% ZEI(9) 4 4 1 16 4
ZE}7) 5 4 1 20 4
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Table A.9 A result of FMECA table with criticalities of components (front/side) (cont.)

-
a2t
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J
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F <
o i A
SR N = A T T = T B N - N = = o T Yo T =T =
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F <
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EREPN o o o o o o o o o o o
2
.Zﬂ,
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RGP ) o o o o o o = o o
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Table A.10 A result of integrated criticality
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Table A.10 A result of integrated criticality

32k 74 84T T4 847 =% Ad=
% hels S captain.igs 40
X 5H©2) F crew2.igs 40
71874 M _engineer.igs 40
AH(F) armor_middle.igs 34
IR (¢ S_crew2.igs 30
T4 54 C_crew.igs 30
A _sHFA) S_crewl.igs 30
A C captain.igs 30
3E((2) cannon?2.igs 26
(1) cannonl.igs 26
3E(3) cannon3.igs 26
A5 BT fuel tank right.igs 20
ds "= fuel tank left.igs 20
ZE}] steering_gear.igs 15
T comm_device.igs 12.5
EHeFa1(2) projectile box2.igs 12
QHE| V(- antenna_right.igs 12
EHeF31(3) projectile box3.igs 12
EFoF (1) projectile box1.igs 12
QHEI U3 antenna_left.igs 10.5
ol SHEYUO3) A crew3.igs 10
ol 544 A crew4.igs 10
o] FF(1) A crewl.igs 10
o] FF(2) A crew2.igs 10
237 =23 (F screw_propeller_left.igs 10
235 Z=238(F screw_propeller_right.igs 10
o] FF(05) A crews5.igs 10
A armor_top.igs 8
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" Crticality Analysis N —OCGe¢

File  Rate

Importance of Component

Hit Probability(front)

Clear |

Hit Probability(side)

Criticality(front) of Component

Criticality(side) of Component

Mame | Importance | Rate » | Name | HP(frant) | Rate » | Name | HP{side) | Rate
A_crewl igs 0,004 1 A_crewl igs 0, 83886256 10 A_crewligs 0,87593985 10
A_crewe igs 0,004 1 A_crew? igs 0, 83886256 10 A_crewe?,igs 0,87593985 10
A_crewdigs 0,004 1 A_crewd igs [0, 84597156 10 A_crewd igs (1, 8759398k 10
A_crewd igs 0,004 1 A_crewd, igs 084123223 10 A_crewd igs 0,875939585 10
A_crewh,igs 0,004 1 A_crewh,igs 084123223 10 A_crewh,igs 0,87593985 10
antenna_left,igs 0.015 3 antenna_left igs 0,03791469 4 antenna_left igs 0,01002506 3
antenna_tight igs 0.0k 3 antenna_right igs [0, 0450237 5 antenna_tight igs 001190476 3
armor_bottorn, igs 0.04 5 armor_bottorn,igs 041943128 9 armor_bottorn, igs 066729323 10
armor_middle.igs 0.032 4 _| |armmor_middle.igs 0, 35308057 9 _| |armor_middle.igs 019957469 a
armor_top,igs 0,008 2 =| | armor_top.igs 006161137 B =| | armor_top.igs 000877193 2
C_captain,igs 0.0k 3 C_captain,igs (1, 83886256 10 C_captain,igs [0, 87593985 10
C_crew,igs 0,015 3 C_crew,igs 084834123 10 C_crew,igs 0, 875939585 10
cannonl.igs 0,034 4 cannonl,igs 0, 1042654 a cannonl.igs 004072682 5
cannoné,igs 0,033 4 cannong,igs 010900474 a cannong,igs 004072682 5
cannon3.igs 0,033 4 cannon3.igs 0, 10663507 a cannon3.igs (0.04135338 5
comm_device,igs 0.04 5 comm_device,igs 002132701 4 comm_device,igs 00018797 1
engine,igs 012 a engine,igs 0, 1563981 a engine,igs 013157895 a
F_captain.igs 0.02 4 F_captain.igs 0.83412322 10 F_captain.igs 087781955 10
F_crewl.igs 0.02 4 F_crewl.igs [0.8436019 10 F_crewl.igs (0. 87544612 10
F_crew?igs 0.02 4 F_crew?igs 0, 83886256 10 F_crew?igs 0, 87593985 10
F_crewd.igs 0.02 4 F_crewdigs 0.83412322 10 F_crewdigs 087844612 10
F_crewd.igs 0.02 4 F_crewd.igs 0.83412322 10 F_crewd.igs 0875939585 10
fuel_tank_letft igs 0.04 5 fuel_tank_left igs [0, 03554502 4 fuel tank_left.igs (0,03195489 4
fuel_tank_right,igs 0.04 5 fuel_tank_right,igs 0, 03554502 4 fuel_tank_right.igs 0,03195489 4
M_captain,igs 0.02 4 M_captain,igs 08436019 10 M_captain,igs 0,87593985 10
M_crewl.igs 0.02 4 M_crewl.igs 0, 83886256 10 M_crewl.igs 0,87593985 10
M_crew? igs 0.02 4 M_crew? igs 0. 84123223 10 M_crew? igs [0, 87593985 10
M_crewdias .02 4 T | M_crew3d.ias 0.84597156 10 T I M_crewdios 0.87593985 10
4 I 4 n 4 11

Criticality(average) of Component

m

4 1

4 1

Marne | Criticality(front) » | Mame | Criticality{side) » | Mame | Criticality(average)
engine,igs B4 engine,igs E4 engine,igs B4
radar,igs 56 armor_bottorn, igs 50 armor_bottorn,igs 475
armor_bottorn, igs 45 M_crewl.igs 40 radar,igs 42
F_crewd. igs 40 M_captain,igs 40 | M_captain,igs 40
M_crewl igs a0 M_crew? igs 40 | M_crew? igs a0
M_crew? igs 40 M_crewd igs 40 | | M_crewd.igs 40
M_captain,igs 40 F_crewl.igs 40 | || M_crewl,igs 40
F_captain.igs 40 F_captain.igs 40 | || F_crewl igs 40
M_crewsd igs a0 = F_crewd. igs a0 | "I F_captain,igs a0
F_crewd.igs 40 =| | F_crew3igs 40 |Z F_crewd, igs 40
F_crewl.igs 40 | | M_engineer, igs 40 | F_crew3.igs 40
F_crew?igs 40 || Focrew?, igs 40 || | 5_captain.igs 40
S _captain.igs L] 5_captain.igs 40 | I Focrew?. igs a0
M_engineer,igs 40 armor_middle,igs 22 M_engineer.igs 40
armor_middle,.igs 36 S_crewed igs 30 armor_middle.igs 34
cannonl.igs 32 S_crewl igs 30 S_crewl.igs 30
cannon3.igs 32 C_captain,igs 30 S_crew?d igs a0
cannoné,igs 32 C_crew,igs 30 C_captain.igs 30
S_crewl.igs 30 radar,igs 28 | C_crew.igs 30
S_crewed igs 30 cannond,igs 20 cannon3,igs 26
C_crew,igs 1] cannon3.igs 20 cannonl.igs 26
C_captain.igs 30 fuel_tank_right.igs 20 cannond,igs 26
comm_device,igs 20 fuel_tank_left igs 20 fuel_tank_right.igs 20
fuel_tank_right,igs 20 cannonl,igs 20 fuel_tank_left,igs 20
fuel_tank_lett igs 20 A_crew? igs 10 steering_gear.igs 15
steering_gear,igs 20 A_crewd igs 10 cormnm_device,igs 12.5
screw_propeller_left igs 16 A_crewd, igs 10 projectile_box3.igs 12
screw_oropeller_riaht iag. 16 T | A_crewl.ias 10 T | antenna_riaht.igs 12
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A.19 A result of criticality analysis for components
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Table A.11 Properties of selected components

T4 849 +3 A
7 100
oAl = Uyl BE
UT+= 1.0 = 1.5

B) AEFNA T A R AEFC

&
4
og[g

Hde 9 A4E wdg smoz Agdold T2E AT, 94 48

tot

Fl

e A% AEdoIAS FANA WA BE B4 AEHlH AR wm

E X A129 E A3 AHEsIEE. ol& Fa AUl e} o] Aol wet

E AR 74 84 dH 94 & vuoild A/$)

Table A.12 Comparisons of hit probabilities of components (front/after enhanced)

&8 A gE5id Ad) a4 FE0Hd %)
Z(1) 10.42654 10.42654
Z(2) 10.900474 10.900474
Z(3) 10.663507 10.663507
geki(]) 5.924171 5.924171
Ekek11(2) 4739336 4739336
gkek11(3) 5.924171 5.924171
z&% 83.412322 83.412322
E FEH0 84.36019 84.36019
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Table A.12 Comparisons of hit probabilities of components (front/after enhanced) (cont.)

! 4 FECIA ) a4 FEUIA F)
D ()] 83.886256 83.886256
D ()] 83.412322 83.412322
I @) 83.412322 83.412322

Az 15.63981 10.900474

ZE}H7] 3.791469 3.791469
AS"IF 3.554502 3.554502
ASEA(T) 3.554502 3.554502

3% Z2A(FH) 2.606635 2.606635
237 Z2AH(9) 3.080569 3.080569
7183 84.123223 84.123223
ZEHE 84.36019 84.36019

71# FHFA0) 83.886256 83.886256

718 FHFHQ) 84.123223 84.123223

718 _F5F4Q) 84.597156 84.597156

) 6.161137 6.161137

BHF) 35.308057 35.308057

A3 (Eh 41.943128 41.943128

ol 74 83.886256 83.886256
ol _S74Q) 83.886256 83.886256
ol _S7403) 84.597156 84.597156
ol sHFd@) 84.123223 84.123223
ol _SF4(5) 84.123223 84.123223
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Table A.12 Comparisons of hit probabilities of components (front/after enhanced) (cont.)

539 a4 50 ) 9074 FE0IA $)
A% 83.649289 83.649289
g2 FFA(1) 83.886256 83.886256
g2 FFA(2) 83.886256 83.886256
QFEl () 3.791469 3.791469
HEUH(-7) 4.50247 4.50247
A% 83.886256 83.886256
A SFA0) 84.834123 84.834123
A7 2.132701 2.132701
ol 10.42654 10.42654
A% 83.649289 83.649289
g FFA(1) 83.886256 83.886256
g2 FF4(2) 83.886256 83.886256
QFEl () 3.791469 3.791469
HEIUH(-7) 4.50247 4.50247
A% 83.886256 83.886256
T2 SFA0) 84.834123 84.834123
A1 7] 2.132701 2.132701
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Table A.13 Comparisons of hit probabilities of components (front/after enhanced)

59 4 FECHA ) a4 FEUIA F)
(1) 4.072682 4.072682
Z(2) 4.072682 4.072682
Z(3) 4.135338 4.135338
Ehok (1) 1.566416 1.566416
EFoF11(2) 1.253133 1.253133
EoF31(3) 1.566416 1.566416
reH 87.781955 87.781955
xS 87.844612 87.844612
I Q) 87.593985 87.593985
D () 87.844612 87.844612
I Sd@) 87.593985 87.593985
Az 13.157895 9.899749
ZEH] 0.75188 0.75188
A=A 3.195489 3.195489
AZEA(S) 3.195489 3.195489
23F Z248F 0.250627 0.250627
235 TR ($) 0.250627 0.250627
7183 87.593985 87.593985
ZEH 87.593985 87.593985
718 _F5F40) 87.593985 87.593985
718 _F5F4Q) 87.593985 87.593985
718 _S5F940) 87.593985 87.593985
A 0.877193 0.877193
BHF) 19.98747 19.98747
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Table A.13 Comparisons of hit probabilities of components (front/after enhanced) (cont.)

59 a4 FE0HA ) 9024 FE0IA $)
A1¥(3h 66.72932 66.72932
o] FF(1) 87.593985 87.593985
o] SHFU(Q) 87.593985 87.593985
o] S5 3) 87.593985 87.593985
o SFd4) 87.593985 87.593985
o S5 (5) 87.593985 87.593985
ol 2.255639 2.255639
A% 87.844612 87.844612
g2 FFA(1) 87.844612 87.844612
g2 FFH(2) 87.781955 87.781955
QFEl (2 1.002506 1.002506
HE () 1.190476 1.190476
A% 87.593985 87.593985
FA_SFH() 87.593985 87.593985
A7 H] 0.187970 0.187970
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Table A.14 Comparisons for loss of the kill criteria (after enhanced)

& 7]+ AHEIA AL AREIAA.F) SE0IA A) | EE00A ¥
F-Kill 0.411507 0.411507 0.519772 0.519772
A-Kill 0.426559 0.426559 0.516236 0.516236
M-Kill 0.565244 0.540819 0.608814 0.594138
S-Kill 0.631523 0.631523 0.684662 0.684662
C-Kill 0.712134 0.712134 0.767298 0.767298
K-Kill 0.215788 0.215788 0.103395 0.103395
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Fig. A.20 Comparisons of loss of kill criteria (front)
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Fig. A.21 Comparisons of loss of kill criteria (side)
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Table A.15 Comparisons of criticalities (after enhanced)

74 229 EEE RIS B Rl B iae

engine.igs Azl 64 60
armor_bottom.igs A3 47.5 47.5

radar.igs dolg 42 42
M_crewl.igs ol s FF() 40 40
M crew3.igs ol 7?3 40 40
M crew2.igs ol FHFHQ2) 40 40
F crewl.igs X 540 40 40
F captain.igs =% 40 40
F crew3.igs X 542 40 40
M _captain.igs ZEFA 40 40
F crew4.igs X s5Fd@ 40 40
S captain.igs =k 40 40
F crew2.igs X 542 40 40
M _engineer.igs 7187 40 40
armor_middle.igs AH(F) 34 34
C_crew.igs A 54 30 30
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Table A.15 Comparisons of criticalities (after enhanced) (cont.)

4 axn A 74 eay | R AT RO AES

S crew2.igs 22 S54Q) 30 30

S crewl.igs 22 540 30 30
C_captain.igs A 30 30
cannon2.igs 3E(Q2) 26 26
cannonl.igs (1) 26 26
cannon3.igs 3E(3) 26 26
fuel tank right.igs A5 BIAT) 20 20
fuel tank left.igs ds "I 20 20
steering_gear.igs ZE}] 15 15

comm_device.igs A7 12.5 12.5
projectile_box2.igs EFoka1(2) 12 12
antenna_right.igs I UH(%) 12 12
projectile_box3.igs EFeF31(3) 12 12
projectile_box1.igs eFeka(1) 12 12

antenna_left.igs QHEI U3 10.5 10.5
A crew3.igs ol SHFHLO3) 10 10

A crew4.igs o] FFH@) 10 10
A crewl.igs o] FF(1) 10 10
A crew?2.igs o] FF(2) 10 10
screw_propeller_left.igs 237 =232 10 10
screw_propeller_right.igs 237 2 (9 10 10
A crewS5.igs o] FF(5) 10 10
armor_top.igs () 8 8
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Fig. B.5 Property settings of component (Category/Normal component)

- 168 -




-—BE TT=

Expont

Export

Architecture Architecture Architecture
= F-Kill - =1~ F-Kill i = F-Kill A
“- cannan,igs - cannan,igs T L cannan,igs =
. fire_contral,igs . fire_control.igs . fire_control.igs
W unnerigs L. gunner,igs - gunnetr,igs
5 EFeFD = EE & ErerD
L. projectileBox1.igs i projectileBox1.igs M DrojectileBox],igs
- projectileBoxZ,igs | - projectileBoxZ, igs - projectileBoxe igs
L.projectileBox3igs  |E i..projectileBox3igs  |E| L.projectileBox3igs  |E
=- M=Kl =- M-Kill =- M=Kl
o driver,igs - driver,igs - driverigs
L. Bngine,igs L. engine, igs - engine,igs
B FEHE = FEHE 0 FEHE
o Cater_leftigs o - Cater_leftigs i Cater_leftigs
¢ L.Cater_right igs i e Cater_right.igs ¢ L. Cater_right,igs _
g-HE B3 g-HE #H3 g-HE ®3
- fuel tank_left igs L fuel tank_leftigs L fuel tank_leftigs
L fuel _tank_right,igs L fuel_tank_right, igs i fuel_tank_right igs
= S-Kill = S-Kill =- s-Kill
;ugcnpejgs L. soope,igs ;ugcppejgs
=- =- T E =- i &
- hatchligs - hatchligs - hatchligs
. hatch? igs L hatche igs i hatchd. igs
i hatchdigs I8 i hatch3 igs I i hatch3igs K
— —=kill — C=kill =Kl
Property Property
E=El I EulE
‘= Importance Analysis ||| 2 Importance Analysis ~ +||| = Importance Analysis -
Weight 0.2% = igight 0.3 iiaight 0.34
2 Property {2 Property {2 Property
Filenarme  gunner.igs { Filename = Er2ED Filename  projectileBoxl,
Mame A | Mame _Hi Mame Eror1(1)
Parent F-kill Parent Farent Er2kl
Type Crew ‘ Tupe Type Critical
'8 Property_Amor B Property_Amor [{||E2 Property_Ammor
Armnortype | Armmortype armotype
Density 0 =) || Density 0 <l Densiy 0 =l
Type Weight [Name '
E& 73 (B2E MNEAEE 0g

Export ]

O9¥ B6 74 84 4 AA9 9 2

Fig. B.6 Property settings of component (Crew/Critical component)
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Fig. B.9 A result of effectiveness analysis
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Fig. B.13 A process of kill probability analysis (hit probability mapping)
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Fig. B.18 A result of criticality analysis
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