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ABSTRACT

Aircraft combat survivability analysis is essential process for the development of combat
aircraft. M&S methodology is the typical procedure for the aircraft combat survivability
analysis, and the last step is the expensive Live Fire Test if it is necessary. This study
introduced cost and time effective survivability analysis methodology based on the random
variable weighted score algorithm in conceptual design phase. For this study, essential
element and event analysis (E3A) is used to define the random variables and Monte-Carlo
simulation is implemented to estimate weighted score and the final value of survivability.

ofd

Atk £ ATE Slste] WRAA B Wras B4 =2 ABdold 5 5,
SAZIMES ol &3 'FEHT VoA F dadEs st A S AT
Key Words : Random Variable Weighted Score Algorithm(Z&WHF 7F5% FAHH),
ESA(@ A BEa 4 ¥417)4), Delphi-AHP Method (9 5}o]-A 53} &
23 7]H), Monte-Carlo Simulation(ZH 7}EZ Al &d o] 4)
1. M 2 Td A7 5 AT AF s F4S
WER AAZ Bgol Brasold. G
AT A 2 BN FTHAA AAW  FEG Prest A5, AE5Y, 18
W Bd A =Y geke T TE2A o 13 WEAAY F b 22F $E
slxe] 7 stoltt. B3 WEsS A% 4 AW nASd BuRY B ATANE 28 A
9 Aol woAzA Hiol vl ¥ @4, o AFEW F P& BT/ AEA (Aircraft

t Received: June 24, 2013  Accepted: October 18, 2013
** Corresponding author, E-mail : kntlee@sejong.ac.kr

http:/ /journal ksas.or.kr/
pISSN 1225-1348 / eISSN 2287-6871



884 oFZA . o

Combat Survivability) 4S5 H&Et. & &3
7] AEACIE “F3II7E FoAX dFE eA4T
T e Aol oud &4 jlol JdFHd A4
#4742 st Ad + %PE sgrolgtar =
o] Robert E. Ball? Al Aolsldch & A
d BAS S8 EEA e HAlde 78 F
T7NES NEAA GANH AEE EAHS F9
& FE7e] AEAY 54T des Bt
AAe] Rrggith FF AN E & FF
719 AER 58S -5*513]'04 @74] U =

o]~ E
o= #lE tiv &%
(Modeling & Simulation) 7IHS A5 7&¢3}te
AFE Aygle 8 A&EY 4 AEd
Fol Atk B AFeAes A

g T 71 g
A 1_71101]*1 AdHozg AEA] FES EAT
I e dagEFS AAstnA; soh B A
P Ed “FEHSF JtEA B HAET
MEAA DAAN X0z AEA] EHS
A = Qe WHESZA HET| XA FET
o] A4 Wl wE Sy FE9 W
& ¥uE 4 9= Trade StudyE 414, 7HA
SHAl AT & = AH-o] At
. 2 =

21 M=EM gl &
2.1.1 ACS (Aircraft Combat Survivability)

Ball ¥MAl= 8 37 AEA MES A

% (Susceptibility)9} F %% (Vulnerability)e]
AR FEsel AISAT, BallAs] o))
Mew fopme clEA A8 4L @
& FF7It fsA xshe ARV, 4 5_
b azA Ao Aol EAPD

oH—"‘r

—_

a

o
o T
rr

otk
ol

T
2

o Y
o
RN

n @
R

I 1o b
I
rlo
St

_VE>.1{]

=
o2t
wm
N
N
fo
& ok
et
e
0,

o o

o Tk
e

0,

o F
2%
12
i
kS

i 8

B

oo

%

N, o
O

)

ofs
i

T o
I
ot
¥0
fr
olr
I
2
X off g of
rot
o
oA }*ﬂ d
2 (o 4 o
)

°,

E 4o A
Jfa
)

i

éiLrﬂmlnm—l>£o1r££
flo X g —UH

B o

® 2

N
=
o
fru
ox
i
oX,
M
1
m&

B - A H AT 22 T B
-~ T
.ﬁﬂﬁ_
0y
B
E§ &
k i3 e,
i
g4 —time Threat warning
2 5 = On-board EA Situational awnreness
z T 7] stand-afEs Good target acquisition
g & Low signatures Mission plan. sys.
Terrain following Tactics 5
By Stand-off weapons Good target acq, e
Eg & On-board EA Situational aware,  Speed &caltitude E
-k Stand-off EA Chiaff & flares Mission plan sys. 2
E‘% Low signatures Threat warning g
On-board EA Threat warning #
= Low signatures Speed & altitude
Sy | Chotfafares Mancuverability
i
B8
E=2 Low signatures
L 2 Chaff & flares
Agility (last ditch maneuver)
o
- =
gy Fireexplosion protection Hydrodynamic ram pro [
5 & Self repairing !hghr Donl:mla Nonflammable hydra e fatd E
55 3 Rugged strocrre Py | 2
E& Armol g
=] = |
3
I i
Pg Px
The sireraft snrvives The airceaft ix killad

Scenario®

2.1.2 Kill Chain Scenario
B AT 7] wiAe] €@ Ball #AE AA G
A" G AE7] el 1 o 1 SEAME w A
Kill Chain Scenario™= $¢] Fig.1% 2t}
AZAES +EFE7Y 1 W 1 AL
A Adges v 5HIEE

:i
o
2
X
IS

2
-
2
2
rr
X
0%
o fou % Ao
0, 9 30 fo o ox N H XN fob

A



54 45

11 9% 2013. 11. SEWUG ThEA B4

885

Table 1. Probability Step on Kill Chain
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Table 6. Criteria for Score Sensitivity Analysis

A/C Radar Performance
0 50Km Under
1 - 50-100
2 MSA VS 100-150
3 - 150-200
4 PESA/EASA Over 200Km
A/C Stealth Characteristics
0 1*" Generation 1% % 2™ Gen
1 2" Generation 3™ Generation
2 3 Generation S 4™ Generation
3 4/4.5th Gen 4.5th Gen
4 5" Generation 5" Generation

Table 7. Final Susceptibility Probability
Through Score Criteria"”

Score Set
A/C generation Susceptibility
& Stealth
Casel 4 &3 0.093855
Case?2 4 &2 0.0850575
Case3d 3&3 0.106913
Case4 3&2 0.115252
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Table 8. Example of Calculate Weighting
on Pup Step®

RWR | MWS | RAD | JAM G Mach | Ste
RWR | 1 Ml 1B |15 |15 | 3 |15
MWS | 3 1 3 |15 |15 ] 3|15
RAD 3 [ 13] 1 13 13 | 13|15
JAM 5 5 3 1 3 5115
G 5 5 3 1/3 1 5 115
Mach | 1/3 | 13| 3 |15 |15 | 1 |15
Ste 5 5 5 5 5 5 1
SUM | 23 17 1833 727 [eXee] 23 | 22

RWR | Mws | RAD | JAM | G | Mech | Ste | WF

RWR | ooss | ooiss | ool | ooers | oot | o013 | oo | (.05

MWS | o1 | oosss | oie% | oos | oceot | oss | omm | (.09

RAD | oms | oo | oms | ooso | omss | oos | ooe | (0.06

JAM | oz® | o2 | omew | ot | 030 | oz | oo | (.21

G 0223 | o241 | ot% | oo | otz | oz | owe | 0,16

Mach | oo | oo | oie% | ooers | ooor | oous | oo | (.05

Ste 02239 | 02041 | oz | oesst | osm4 | 0239 | oww | (.38
1
Cl 0.1783
RCI 1.32
CR 0.1226

Table 9. Final Weighting of P.p Step

dsHg 7tE x|
RWR 0.07
MWS 0.12
RADAR 0.07
JAMMER 0.18
Avoidance Maneuver 0.20
Mach 0.13
Stealth 0.24

Table 10. Calculated Weighting

=& &37| x| A2
MdsH | JIEX | MsHE | JHEAR
RWR 0.0724
MWS 0.1158
RADAR 0.0679 T.Radar 0.3646
Poia Jammer 0.1796
MAX.G 0.1969
MACH 0.1302 Fire Citrl 0.6354
Stealth 0.2372
RWR 0.1343
RADAR 0.2336 D.Radar | 0.5357
PLo Jammer 0.1335
MACH 0.4350 | RadarPlat
Shealth 0.0616 e 04643
MWS 02630 Velocity 0.1558
Jammer 0.1279
Pi CH/FL 0.1744 Range 0.1973
MAX.G 0.3516 Guide 0.4611
MACH 0.0831 Altitude 0.1857
Engine 0.3903
. 'c::rceg 8; 22: Warhead | 0.3503
Supp 01801 Fuse 0.6404

HEFHOZ AR Pup ©AY TG HlE
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PO M EFUAE 12 e EHAI} 4 '
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JFEE Al olAS o|&3te ZF dAE HF - - B} ]
_ ] L . A AZEGo]E o]&3te] HAA AEAH FE
S ES Atele WS SEUAE F83F7 ~ -
_ _ ALEE stFT dAl AF7] S #-E I
of A FAFe A7) HAeHFEy EHILEE = N -
S0 A AE 2R 2o AAbEl o M&S AZE ol FHo| AgEo(e] A
UZ}-E]- 34_;_ @Z‘—H =0 747\8]-\’4- %9’]_ %1_0] BA T o O T OBAAR T T 1_?'
e o ol M Ballfate] AAl #5d Axd AT
A ds d5es BAAHS o83 AsHs
o emme oo A malolde ol fal o]E] = Desert Storm combat data<}e] 23 7k
JopsTR SR ARAeE A Y 2 musgn. Az 9 szdn $eR9
= = O =] l:—_ 7L 4 O “" =
T AEE ARRSE RES ATE TS a%o1s R 9 F/ats A% /19 ol o
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2.2.6 GUI SOFTWARE 7H g t}. o} Table 11= F HEF7] mdd uigk &
FEWHS J1ER By 2de olg3st AE EHST UVt by EdS ol&ste #A4%
A BAS 9Fe] B Apgae zag axe AEAN FE AFRY AFVE Ho Aot
glo]ol MATLABS o] &3tal GUI Software= A A3 ALY BEde dXskANE A
st ATt B AZE ol daglE ol Atere] £33 A dEdely Ay 3k AolE
Fig. 49} 2t} £ dAjeld S 2 A Zyloly  BAD F Ak e AH AT 5
S43T e AT 7F (HAY T, Ag = E BT AGAE AEre 55 AN A
UMY 26%, BE 1750 g DBE 4 A WU Fl6C F/A18H SA6 3te] wAlsg
At AZEYOlE IA T A Wrz 7 © AFH|EE AFHoES} ALArE dA s}
Jol o=, DBE €% 4 3+ Library R .
Table 11. Survivability Probability Result
Comparison
F-16C vs. SA-6
JIE x| B Desert  Storm
LIBRARY DB Pu 0.0574 0.0005
Py 0.5985 0.43
P 00844 0.0002
Ps 0.9656 0.9998
F/A-18 vs.  SA-6
Fatch A | JtE Xl B Desert  Storm
Py 0.0653 0.0016
Analysis DB ] P 0.4358 0.0
) Pk 0.0285 0
Fig. 4. Diagram of GUI Software Structure Ps 0.9715 1
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