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With advancing weapons systems, optimizing lifecycle
cost (LCC) and operational availability is vital in
logistics management. Recent predictive maintenance
(PdM) adoption has been active, but indiscriminate
application risks reliability issues such as false alarms
and over-investment. To avoid reckless PdM, this study
proposes a system-wide Condition-Based Maintenance
Plus (CBM+) strategy encompassing corrective (CM)
and preventive maintenance (PM). An integrated index
model was developed to quantitatively evaluate
economics, operations, and safety, verified with an
air-defense weapon system. This process ensures
logical maintenance strategies by balancing LCC
reduction and availability improvement during PdM
evaluation.

AMZ|E 7|8 H|(Reliability-Centered
Maintenance),

AENZ[HHAH]+(Condition Based Maintenance
Plus),

| gtot(Maintenance Task),

H| M2F(Maintenance Strategy),

0f| 24| (Predictive Maintenance),
AlZl4H|(Preventive Maintenance)

676

ISSN: 2635-4926
'.) Check for updates

https://doi.org/10.31818/JKNST.2026.9.9.3.676

24H| 2 2
() — 1
Zu|gor My

—
RCM-Based CBM+ Maintenance Strategy
Establishment: Maintenance Task Standardization

1* =102 1 =.
2", YIS, UsT, AE
'LIG C/HANO {2 AT O]A OJAFUA|ARIPSHTA MAATL
’LIG CIHIACHO|{ZAH|0|A OIAFUAIARIPSHTA 7Y
3LIG CIHIACHO {2 AH|O|A OJAFUAARIPSHTA ALY

Jungtae Kim"", Heewook Kim?, Yonggeun Kim', Junhyeok Kim*

"Research engineer, Missile Systems Integrated Product Support R&D (Anti-Air
missile), LIG Defense&Aerospace

Chief research engineer, Missile Systems Integrated Product Support R&D
(Anti-Air missile), LIG Defense&Aerospace

®Research engineer, Missile Systems Integrated Product Support R&D (Anti-Air
missile), LIG Defense&Aerospace

LAE

1=3t 9 EostEo] met &G FA A oA T
¥ 7] H]8 (LCC, life cycle cost) Q] X4 35}9} 71 5&
T A A = T Aot F7A A 9 A H]

S 35l AFZ A H](CM, correc-
tive maintenance)®} 113 A HH|E $3ol= AIXAHH Z B
ek AR o] 74 % g Eal ALy
(PM, preventive maintenance) Jo]E| & E3f Ale S
Zoto] Hu|E ¢ st= A E 71§ B] (CBM, condition based
maintenance) 2 W T A E] 7|84 H] (CBM) = Uo7l A d]
OJEE o= 1 AHE oA ol Zetol HuIE SPste of
Z] % H] (PdM, predictive maintenance) 7H'd-S E ol AHE]7]
"] E2] A (0] 5F CBM+) = 2 shar QlTH1].

T = 2okl A5 =Y H AL = CBM+= 13 +
71o A Holy di} F59 294284 542 185t 5
of 1 WL AZ3T A EF Hu) AYS Aese oA g

(PdM) 718 WA 02 g 1 oA R AR Y A7

)
o)
!
[
)
k1
o
A
o |
i
o
=
i

fa)
jan)
wa
2 R

IS
=
x
e

o

© 2026 Korea Society for Naval Science & Technology


https://crossmark.crossref.org/dialog/?doi=10.31818/JKNST.2026.9.9.3.676&domain=http://journal.knst.kr/&uri_scheme=http:&cm_version=v1.5

H, 2E FAF0 He FEE et oA

oo
rlo

N9
)
P
= |
g
=
=
Hz
L
[
k1
ox
o
o,
o,
s >
4 32
o

HL
P
)
fo
i)
ko)
N
('
rlo
i_g‘
X,
=g
N
1o
o, F
iN-z
Yy
;% 10

ox do ro

4~
2

A = AH[2]. EA, A FargE9
St @ 7 X (false alarm)= HAJH AH| &
AlA EL A%t A GRErdS skl
gojx g, W & u| A Z (missed alarm)
el B4 1O ojoj A v T &
A3 AA, AA oL aj A, A2 A 2] &
S52 o AR 2 g Wkol} o] F
obd 4= o, H 2 HA A|AH O] A,
A 7t A7l A7 AT 5 AHH[4]. H5ho
M=) Ju A 2719 AAG A AA 7 A
2¢ VHRES guslod AAd WA DAHE
2 2712 % 9tk

o] =27 59 MIL-STD-3034A9]= RCM<= 7]
HHOo & 3F CBM+ Ul A= A =8 =7t 55
of gLois], A% A& Al Tt} 2L BAHO] &
Agter AA, AT == 7€ 7HEAY D o]
B S5 o33 e oY H (ves/no) S 2 Wk
stol Awte] 284 |9 6l x7} Ak B4, o4
kS st 9led, 1
\=4 8 3421 84, A
o EUAA A B xAYA LA Aol
o]

of gk
2
tr

N
lo o

w2l oX

ox ol o T

2
o 28 g
I flo o
o N §2 o of flo X O o XN [H

o

-

Z RCM 7|4 CBM+ Fu| AL £33}

Auluerd Fotd WA el Y usts

= U L A w D}
N
&2

%
(Inp) BES A0 2 M 7|2 20| 9172
EEEE =

2. RCM 7]k CBM+ ul A2k St

2.1 Bt ol A u] e

=~ O

& Aol A ARbsks g
TFA S8 A, & Ao A]
71 AFolM "R &8

(maintenance task)’¥}

r
>
it
&
!
>
[>

strategy)’2] 5144 719 s AEsiste] 4]
st g
A, Heee

2 2ekAL Ao o

o

e - e
ftfo

il

iC)

ox, X

I o

4 o

o

2

o
ro,

)
ot
iy

[Oo_ﬁﬁjgﬁ
o, T -

L IOy
o i

o2k

olr
o
rle

EIN

of
o

o

o
fru
ne

oy
o2 Nl

-4

>,
s
= oX

-

o =
ox 2
o
= N
2 N
o
N
Loy Ao
k=l

N HE
o
=
s
N,

ftjo
)
A
_?L
rr

of| 2] 74 B
¥ (action) T2
Z(component

18 A8 A9

o
jn g
—~
o
o,
=
~

=)

o I oX
2 2

o o

o &
Xl

© g
+

o
jn g

level)o| A ‘o] w3t Fu] 7| &3}

O.

=)
fl
=
o
i

S0} Bo) 72

gH e 54, o F

o
lo ot
ol

N

oE P n
L
OEéo}‘:
N

= 2
o o
I_E_%JSH:_IE
uu:[_xrlrrl
= o 4> o

e
X
B o
i AU
o
T o
2

ot 49 A9 FA14 9
g FEFo A
, 3H91 9] 7iE A n)
24 AA AA 9] F
7t5E TS 54

do fob
o

-
)
o o

A

=
HY)
SN
o
A|m

2o
|o
T
o
o
[0 g

N
N o
5
— Ho
oo 1
=
@)
e}
i)
oy
A=)
Mo
oo

o S i A

A o2

=2
o
]
i
T >
i)
55
>
X
(e

B
2
o
fru

M oox
%
rO
o)
N
)
» oo
n
L
o,
)
rH
o,
)

by pe
i
f
2
9_15
-
it
1
)
ol
_?lt
N,
=)
_o|lg
b

(g rlo

(LY
+
r

=,

[

o
K
%

4>

30

i)
i)
i)
Fi
-0,
Tt:l i
i)
~|
o &

o
D)
ol

1] SiA s, B g el g el A
2 B7sto] 2o Ful e
R ES AR ES|

N o B X
jus)

MX [o

Hl2aE g AA Q] “CBM+E RCM H-4]
2 AT AA = o] o]Foj Mol gttt = U2 S ot
ok AA A Q] JAHE A =2 k<= Fig. 13} Z . Fig. 1
2 CBM+ FH|AZS 57| Yt TEAA
4 9 A E A S 2Tt 7S AE LA T

=T )
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MIL-STD-2173 = MIL-STD-3034A%] RCM &
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Step 5.
List each technology and link
to the failure mode identified

Step 2.
Are PM tasks
derived from RCM
analysis?

Step 6.
Impact Analysis of PdM
Application on
Economics/Operability/Safety

Is the derived task
classified as OC or
combined(OC-HT)?

Step7.
Based on theimpact
anaIyS|S Toip = Ageo +
ot Aoage >0
atlsfled7

Step 4.
Is applicable PdM
technology available
or the failure mode?

Predictive
Maintenance (PdM)

Preventive
Maintenance (PM)

Corrective
Maintenance (CM)

Fig. 1. Process for establishing CBM+ maintenance

strategy
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Step 6-1. FA|/d =3} A5

* Life Cycle Cost under Preventive Maintenance

LCCpyr = (CppeNpas) + Cryituye ®

* Life Cycle Cost under Predictive Maintenance

LCCpips = Chivest T (CraneNpanr) + Cruitire (2)

* Economic Standardization Index

/1 _ LCCPM_ LCCPdM
Eco — LCCPM

3

where
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LCCppy/ LCCpyp: AB A
G A FFPF71HE
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* Operational Availability

- MTBF
© " MTBF+ MTTR+ ALDT

©

* Operability Standardization Index

A Oper = _ (5)

Step 6-3. AW EFES}H A

o

TBEAUAE(S), T =(0) X HE=(D)E
}o] RPN (risk priority number, 9|8 449
& AbEoto] A A #E &85, RPN A
< Eq. (6)2F &t AH=% RPN gL 7|¥to =2
q. (7)3 o] A2 7] djH] 9 A H] 2§ A] RPN
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* Risk Priority Number(RPN)

RPN = SxOxD 6)

* Safety Standardization Index

ASafety - RPNPM (7)

where

Asafery: LA EF2} A5
RPNpy/RPNp;: AZAE (PM) 2
(pdM) & & A] RPN H

SAZE (1A A A R/ FFE, 1-104)
O: A= (28 3 3T g T WIE, 1~107)
D:AE= (L A= e EZ4H A, 1~108)

o 2] 74 ¥
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Step 7. YA B4 A3, Ipgpr > 091712 3. CBM+ Au|AZ 57 Al A4
6HAONA AEE EES} 55 S Eq. (8)F 2 "o 4= A|9Hgt RCM 7| ¥ CBM+ G H| A ef 4
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S0 it 71 &2 Aol 4 ). T 2 g5 2AdE 5t 5 FIAA

=
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* Predictive Maintenance Recommendation A RE A IIHES 27 BA iAo 2 7145t

Index oA 2 2 A AE F3f u| o] £ 5
42 Table 13} Zt}.

Tearr=Apco ™ Aoper * Asasets > 0 ® 271 1007 1 BE F At B 2 A A 2

@A RCM GAEH 2AZ T3 A Al A A

where Z=7F AL ARS Au| 7L R 7 8270 o] AR ]

Lz AXE B 2 (CM)Z 4 £FH AT 38ANAE g 187 A

HH (PM) FE F Te AR 2A QA FR/ZE

et Zol| 7HA Y Hu|HEg £H TEAN A ot 107] =, A 2AFO] HE 221 314 142 vl 5

ot AR RS wstel AAENE £ gag ) s grme a1 48 A Aol ¢

Fotel g AlAl E= grlol dek CBM+ BHIHE g5 mgno] gerd W) glo] 7| A B HE = o

FTEE S AT e BRE .

Table 1. Case study of process for establishing CBM+ maintenance strategy

Step Criteria at Each Step Allocation Target Allocation Result
0 Al failure modes for the system 100 -
5 Result of RCM Analysis 18 82 Items of CM allocated

(Identification of PM) (Result of RCM, 18 items of PM idetified)

15 items of PM allocated

Maintenance Task

3 ; - 3 -Servicing and lubrication(10), HT(5)
(OC or Combined (OC-HT)) (From Step 2, 3 items of OC tasks identified)
I 1 item of PM allocated
4 PdM Technology Availability 3 (Applicable PdM technology unavailable)
: 1 item of PM allocated
7 Result of Impact Analysis : 1 item of PdM allocated

(Upan >0) (Result of Impact analysis for 1 itemis Ip; 5, > 0)

Table 2. Analysis of the impact of implementing predictive maintenance compared to planned maintenance

Target PdM technology Economic index Operability index Satety Index Total Index

(OC taSkS) AVa||ab|||ty AEco Aope, ASafety [PJJI

BIT inspection for

Equipment/Component X - - - -
Inspection for Antenna Drive Gear 0 ~0.25 ~0.10 +0.20 ~0.15
Moter
Inspection for Cooling System 0 +0.50 +0.08 +0.15 +0.73

Circulation Pump
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