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Abstract It is very important to set an optimized RAM target value at the initial acquisition stage to
acquire a reliable weapon system. Based on this recognition, a model was recently proposed to set the
reliability target value of the warship weapon system by statistically analyzing the results of field data
RAM analysis performed by the Defense Agency for Technology and Quality. However, efforts to
continuously improve the accuracy and the need for additional research to verify the model are raised
to use this model when acquiring an actual warship weapon system. In this study, to improve the
accuracy, the reliability of each ship work breakdown structure group was set as a dependent variable,
and multiple linear regression analysis was performed on each of the six independent variables. Through
this, a new model was presented with the calculated independent variables for the work division
structure group of each ship and the corresponding linear coefficient. The reliability target values were
calculated for five ship types and compared with the actual field data RAM analysis results to verify the
accuracy of the presented model. As a result, the reliability of this study was 0.07%-10.32% closer to the
field data RAM analysis results than the ship weapon system reliability target value setting model
proposed in the previous study.

Keywords : RAM, Setting Target Reliability, Statistical Analysis, SWBS, Warship Weapon System

*Corresponding Author : Eun-Byeol Jo(Defense Reliability Research Center, Defense Agency for Technology and Quality)
email: jeb0525@dtaq.re.kr

Received April 30, 2024 Revised May 28, 2024

Accepted July 5, 2024 Published July 31, 2024

370



Y FIAA NS Exg AF 2 FIT P o] Ht A7

=

—

1. M

3y =

F71AAL A=/d2 87 Ao AEE 5
Blsfiof sz F71AIA9] 8442 B Rls] Fa5)
o QIAEL it} TlEo] FHZole FIIAAZE HAt
A3t ExsE] w2t 4835t & e A Frleke
F71AA S S8/AME sl g5 27] dA0A
HE 2E8R/AHE £017] sl A= F7IAA A
o FFF1ISIES st= 5 F7AA G5 Al Al=/ge]
A 7AYol MAL F7kskal Sl

UAAAEL F7IAAY AE8e FHsE] s F
ZIAA 85 27] dAlelIA RAMReliability, Availability,
Maintainability, ©]3} RAM) 2X3FS AA3ic} ol%
AN A3E RAM 5232 @45 9
of 1gEE, 17 A9l 59 A= ZAE st A
Aot A= AA JFE H3TH, 2] W=k RAM
ER2 A= e FUIAAE 5517 g 2489
9] 37270 REA YEHA 27| XH RAM Fi
e Aok A2 Wie S5t & 4 ok

RAM =3ghE A4l dish ¥¥ 740l RA
g Aol TRt ALt Falsks EA9 FF 5
Al=lo] 9t} SFAIEF RAM E3HFHS Aok Wik
AlElo] QU] QITH(1,2]. wEbA EFEa Sk 9
&(Operational Mode Summary / Mission Profile,
ols} OMS/MP)e}t -FAFgH|9] AHE &85t RAM &
S Ask=(3-5] Wt 5 A9 RAM EXS 4
Aot HRtol B A BARE P

Y F7IAAE o= g RAM B3zt A% wiet
o T3t AFE A&HA FRE Gl on, dbt F7)AA
o FAKSHA OMS/MPE &-85t] RAM &34t F 28
7HE RIS Aok Hiktel e A+, T 7
AA G2 AH|9] RAM EXgS AAske AT 50l &
FEATHG,7]. ol Y FIIAA Y] AEle Zxgh
ARES ol T IEEALoNA FIAA & ARE
8oto] A& RAM 24ZTE tide=E B4 24
< F5to] Y FUIAA AFE Byt A 2dS
AAE A7 AATHS]
2HH ] F71AAE GSolARE &< o277t
g FIAAL B8 gRlsty] A ohger e
28str k. dlE 0] ¥ FIAA 27] A
Ao A= FAF T8 F7IAAREE A2 oj=v|dE
(Admiralty) Al=E &8st 5 AIAA T F71A
A9l 48 ulEE AMEsty glon, 2 Hos 28

2 g}
=2 =2

o=
o oF o o

Mo r

=

:

371

FAACNME S+ F71AA L] ST sl
oIS glske We ARl Sl
2Pt Hde ooRl AA digks Al&shal
HaEAe & ¢ RS SIEE HREE
Aol B Al 5o] st ddio] A=
of={et TolA RAM =3t A4 2dl Qoj= wIZk A
o+ FIAAC bRt EAA e T 5T
AU, xR 7R s d&she AT
= ARI7E AAEHO-11].

SHAIRE oA"Y AA| 3 7 1AIA AADACIA &8
P7] HeidE B2 ATE S Ae=rt dEL, B
<> A=E 28319 A5k A 2790 mebA
22 NEE A FIAA e SRt 24 28]
<, AA T F71AA RAM F3xgE A 28]
HeA = A& Bde] JL=E Pt ol AT
She 79 "a/go] ArldH.

2 dFME 7180l AigE I FIAA AFE
SR A4 Bdo] HEEE PIoke 9E AlAS
AL, olfet {eke A8t Ky 7|E Heye BluE
3 ] A RS AISIA. 20
FAA A Sagh 47 2do] o= Pt
WS ARSI H, 3AE AARE Bt 283t
A BA AAE HEUSlH. 40lAE A 24
SaYsto] Aetert e A FIAA A
474 Hdg AASL olg AS9IHH

B =ode 3 et gHste] 9 A=

A5 AABIAL ATE lE i

A=

% =

oL,

e}

7

4
o

p

o

L
g

=

=

B4 Iolxs SPIRIAETT(Ship Wor
Structure, ©]5} SWBS)EHL E2l= =X}
TFZE ZEolo] AuEE B 9 X5kt

o, A&FN5]
Mg ST

SWBS THS ¥4 F1AAC
Ex3 715e Hio A
7AAL 2871858 7)) o] 2t

i)

=

o= =2



p=4

ke Eaiiia

2] A2549 A75, 2024

S IeH %’—Q-QI’. t}. E3] SWBS 10| wel &
FE AHEL SWBS 15 7o A= o2 Lt
yEg Hg 3% AR 717, 529 ¢ 59 S
e T 2H[9-12]914= SWBS IFEE FHESt
of AEe 34 BdS AASkL Ut} SWBS 15E §
59} 15HEE oY Table 10 YeRHACT

8\ o=

= EXOo
T 1032

Analysis)& Bl A7gstal, tRE5A/3(Multicollinearity)
EAIE sidstr] flsf 439 Sws 7ol AuA
HX(Correlation Analysis)& 33t} thsoAA &
A7t =l S8us7 AYE Afole g 599
T 2%E AQsta oA v A% IHAEAE 3
ot oA EAZE BASR] dogeta 01
7HA] ol8 gt WAL wHESto] FE SWBS 1F

P

T
oX
i)

JPﬂ
il
o g & o

Table 1. SWBS Group Number and Name 5 Adst] T g FUIAA A== %—’iﬁ A
ndg =&t
SWBS Group SWBS Group Name
Number
100 Hull Structure
200 Propulsion Plant Data Collection from Field Data
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Fig. 1. The Statistical Analysis Process to Improve
the Accuracy of the Warship Weapon System
Target Reliability Setting Model
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Table 2. The Coefficients of Chosen Independent Variables by SWBS Groups

Maximum Annual Post-Delive;
Displacement | Cruising Speed Cruising Range Operating very Y-
SWBS Group Speed Year
D(ton) Ve(knot) Van(knot) C(km) Hours Yyear) Intercept
H(hour) ¥
Hull Structure -0.013 - 15.051 - - - -261.389
Propulsion -0.028 41.828 - - - -5.205 -417.525
Plant
Electric Plant 0.010 -28.248 - - - - 644.865
Command and -0.010 - 1.985 - - - 70.114
Surveillance
Auxiliary -0.011 - 5.586 - - -1.710 -27.100
System
Outfit and - -122.884 - -0.570 - 53.767 8,057.370
Furnishing
Armament - -98.696 - - - -22.128 2,299.731
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Table 3. The Results of the Linear Regression
Analysis by SWBS Groups

g ~ Adjusted
SWBS Group F-Value R-Square R-Square
Hull Structure 0.000047 0.917394 0.896743
Propulsion 0.000947 | 0891167 | 0.844524
Plant
Electric Plant 0.000252 0.874018 0.842523
Command and |4 55500, 0.965967 | 0.957458
Surveillance
Auxiliary 0.000012 | 0968970 | 0.955672
System
Outfit and 0.000025 | 0961920 | 0.945600
Furnishing
Armament 0.000000 0.988892 0.986115
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Table 4. The Variance Inflation Factors of Chosen Independent Variables by SWBS Groups

Displacement Cruising Speed | Maximum Speed | Cruising Range Annual Operating|  Post-Delivery
SWBS Group Diton) Ve(knon) Van(knon Clkm) Hours Year
H(hour) Y(year)
Hull Structure 2.027 - 2.027 - - -
Propulsion
9.002 7.723 - - 1.684
Plant
Electric Plant 5.475 5.475 - - -
CommeAtnd and 2.027 _ 2.027 _ _ _
Surveillance
Auxiliary 2.064 _ 2162 - - 1.273
System
Outfi't a'nd B 2.548 8.736 - 6.363
Furnishing
Armament - 1.024 - - 1.024
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Table 5. The Comparison of System Reliability by Field Data RAM Analysis Results with the Presented and

Existing Models

Difference between Field data Difference between Field data
Presented Target Reliability Existing Target Reliability
Ship Setting Model RAMP:-A;ZIJ:;Z 1};2?;1 and Setting Model[8] RAM F“,\;:::tlr;;s ﬁ:zl;llt and

(MTBF, hr) % (MTBF, hr) %

A 11.77 0.56 11.77 0.63

B 17.28 1.07 15.15 11.39

C 24.52 10.96 24.90 12.66

D 35.98 0.10 36.50 1.52

E 14.55 0.35 14.91 2.84
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