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Integrated survivability assessment given multiple penetration hits
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ABSTRACT: Survivability assessments and vulnerability reductions are required in warship design. A warship’s survivability is assessed by its
susceptibility, vulnerability, and recoverability. In this paper, an integrated survivability assessment for a warship subjected to multiple hits is
introduced. The methodology aims at integrating a survivability assessment into an early stage of warship design. The hull surface is idealized
using typical geometries for RCS (Radar Cross Section) detection probability and susceptibility. The Vulnerability is evaluated by using the
shot-line. The recoverability is estimated using a survival time analysis. This enables the variation of survivability to be assessed. Several parameters
may be varied to determine their effects on the survivability. The susceptibility is assessed by the probability of detecting the radar cross section of
the subject and the probability of being hit based on a probability density function. The vulnerability is assessed by the kill probability based on the
vulnerable area of critical components, according to the component’s layout and redundancy. Recoverability is assessed by the recovery time for

damaged critical components.
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Table 1 RCS calculation formula for simple shaped targets

Radar cross section( o)

Flat plate 4 A*| 2 (A= Flat plate area)

Cylinder 2zal*/A (a = cylinder radius, | = length)

Sphere ra* (a = radius)

Cone 87" sina/9Acos* a(a = half cone angle, L = length)

(*) 4 = The radar wavelength
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Fig. 1 Probability of false alarm according to the probability of
detection and signal-to-noise ratio(Ostin, 2005)
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Table 2 The attribute data for assumed radar

Attribute data Unit

Receiver sensitivity 1E-14 W(m)

Operation frequency 0.25 Ghz
Distance from radar 25000 m
Angle 18 0
Noise factor 2.5E-16 w
Temperature 195 F

Normal Distribution

L.O.A:120M

Warhead

Components detonation

Target area

Fig. 3 A senario for fragment hits on target area
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Fig. 4 Determination of the critical component
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Table 3 Hit number of fragment on each critical component

Critical component Presented area(mz) Hit number
Engine 1 60 0.938
Engine 2 60 0.938

Fuel oil tank 50 0.781
Gear box 1 10 0.156
GearbBox 2 10 0.156
Propeller 1 20 0.313
Propeller 2 20 0.313
The rest 70 1.1
Total 300 4.69
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Table 4 the example of Py /i for critical component

Vulnerable

Critical Presented

component area(m’) area(m’) Pr i
Engine 1 60 48 0.16
Engine 2 60 48 0.16

Fuel oil tank 50 40 0.13

Gear box 1 10 8 0.027

Gear box 2 10 8 0.027

Propeller 1 20 16 0.053

Propeller 2 20 16 0.053
The rest 70 - 0.387

Total 300 184 0.373
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Bye] Bk AEEA HE gl ohd F& FHEY &4 3
= Ze st meb SEde Fa PAE £4E

Foll Alz=gl B Eo] a7 Hy FAHMITR, Mean time
to repair)? £l W v ARl HF 1 A (MTB,
Mean time between failure) 7%= 7Fg3te] 4315 240
£ Relex' '] RAM(Reliability, Availability, Maintainability) 7]
TS T899 (Song et al, 2005), Fig. 7& &4 & B+ &

@ FMEA (Failure Mode and Effect Analysis)

FMEA - A|=% E2] (FMEA - System Tree)
EEHE =28 =8
0|8 Propulsion System |®Z %
B FTAAH FT AL
=§J Engine
T3 Intake Manifol...
T VGT turbine Component 1-2
T} Intake valve Component 1-3
) oilline Component 1-4
Component 1-S

=8

AAE Eg| A7
propulsion System
Sub-system 1
Component 1-1

ENGINE

T2 ol filter Component 2-1
T2 oil pump Component 2-2
&) pipe line Component 2-3
=§J Gear box GEAR Sub-system 3
) Gear Shaft line Component 3-1
&) Clutch Component 3-2
) Governor Component 3-3
=§J Propeller PROPELLER Sub-system ¢
) Blade Component 4-1
T Hub Component 4-2

T Tube Shaft line

Component 4-3

A 5 A2y B4 3 75
ZAZEE ARG oojt). =AY 8 FAF E FF9
g 9 HE FEAREE 85 AEE Frletath

6. B S8 MZEH(Survivability, Psuvie) 41

oM AFE NE AEY FH 2xl WA, Aok, 8
e AAFoEM ofdlel o] AEA BA AAE Aelsy
o (1) el 4 AsgAgulel wEso s2e] Hrka 7}
gatel dolr] WA B e WAHELS HEST ()
o] clgEs Aaw 8 PFHES Aok MAow wgos
Aok 8L WHAT. () IR FEH A% A A
29 FHE £ 58S NS AR BAstEc,

A& B0, I AEY TAH8A0 Uigt B4 Al AFS 9
74 AAZEC] 814%°]11L Be A AXd uigt

A Azl HFEEo] 82.6%EH, XWE(Killability)E 2]
7)3 o] °F 67.2% = ot 4= glom, AEFEL 4] ()
I o) 328% % AT F Utk 1Ela B A AT
AlollA g 3]Eg0 ARE FEEHQ] IRl opd 3| EA
e 7o ® FIE87] il I8 e AL GE A
At TEA § AR &4 A 35T e ARe R
B7reRth ol FF &4 ARE FEZ XL F U=

WS st AESE Askalol] WP o F ol
Btasiiey = By - By = 0.814%0.826 = 0.672 @)
Py =1-10.672]=0.328 28)
7.2 B
B A7 34 5 AEAH MES BHoz AEAS
T4 84 944, R, IHAY A 24 dAE A

@ FMEA: Component’s MTTR & damage

MTTR S&: (MTTR Type) NE= Designated -
REE mrR(s): (MTTR) 60,000000

H& |&: AN -

NEE HIS: w0

DZE |Y: (Failure Type) KNEEL, D28 Designated v %

NEE DEE: (Failure Rate) 0.133000 \

RIZEl mMT8F: # .4 "‘.
v
® analyze the repair time after damage

l\\. U= Z I (PredictedResult)

o i

JUs JE= (Failure Rate) 0.373000

MIBF, HEE  (MTBF) 3e+006

N2|T, &S (Reliability) 0.999963

84 (Availability) 1.000000

MTTR 0.610417

[ MTTR: 0.61 Hr. ]

Fig. 7 The example of recoverability assessment for the damaged component
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AlBtRom, ol5S TS AEAR B4 HAE IS 98 F
sto] Argslilty. 53] AAX I FHepde vASES FHokt
B9 2e FEEAQ ARE AAsaeH, SuAS & 3
EAREoZ Aojaiqitt 1y, Al ] AEE 24 S
NAE Bt Tt e Aok 24 7S A 8ste] H71s
of gt ¥1A /<] %RCS ojglol Aol 54, FF WA &
& 54(URN) 5& Wtgste] 97 &5 A8t of &, &
weke] o gl vk % of °J& FHoF &&4 Fol FHeHd Bt
o F7t2 W ofof gtk ek 315G &4 I HATE ]9
o ex99 I8 58 Fd AL, 5ol w2 5U4, A T
A 8 ol id 35| g ojof g} E=F & AT
& st ol dol= 7Pg3 vF I YaKShotline) 7
HARE A2t = e daEFol FrlE oot &
T ATEE WA AFT TR AEA B 0|85 Bt
o8 77 AYgeE 1T M&S(Modeling & Simulation)
71Rke] S AEA 4 WS d7E Aotk

ol FHHATL AEAL 7 il
ACFHE UD1200190D) ¥ A E4AM A B2+ 3
ZSWEEA SISt K S SZHEEA S S| A& who}

FEAFH:
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