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A Study on the Procedures for the Application of Korean Weapon
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Abstract With the Fourth Industrial Revolution and the rapid development of information and communication
technology, the defense field is attempting to apply various technologies for Al-based military
innovation. As a technology for this, various instructions request the application of condition-based
maintenance (CBM+), a maintenance and distribution concept that supports decision-making by
diagnosing and predicting equipment failure through sensor data. Despite this, it is difficult to apply it
when developing because detailed guidelines, such as implementation procedures, are not specified.
Therefore, in this paper, CBM+ development practitioners present a work procedure for applying Korean
CBM+ from the required filing to the operational maintenance stage, along with the division of work of
related organizations for CBM+ application. Based on the work procedure, it is expected to establish

specific work in applying CBM+ to weapon systems to be newly researched and developed.

Keywords : CBM+, Condition Based Maintenance, Condition Monitoring System, RCM, Weapon System
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1. M2

421 AFEE ] d47|e2 EH o Hrolg £
A AZA %, AFEQIEY, VR/AR &2 o]E §3%t o
g EQda 22 JRBA7|EICDY o= 745
of 1, FAILCE AAH 15 AFY s U
gt HolEH &g &85t 84S =0l 7Ies0l 88
= Stk 7ESkEE 43F AR gollA SHrEgEok
E3HSEA 4.0 B9 Al S
skl §lom([1], ol& gt 7I& 5 SHHE AEi7]eHgH]
(CBM+, Condition Based Maintenance Plus)E A
gisto] ‘AT HATET I SePFT| IR
EF oA 9 WeT o8 Aastr Ut EIL
20239 12 Toll ARG o+t A893ZE “FIIA|
A HAE EA &8 30| A= oH, XM=
HAg EQY] H8 BE4E 28/AHE W1 CBM+
o AAI 7MeES Eoledl £ girh

CBM+&= A4 5& Bdfl 853t Holeg 45}
Ad5 FHE sPste 7R A5 AHE 9 EZ8
gt A E 2o MRS =01l FERAEIE A
Slol= Zlo] BxolH[2], 7|&9] THo R FB3} X5
shE Qlmeprt g wet 71E AYsh] AERW
859 ARE 14 A 9 oS €8 5= o] F
870 AR SITH3. sHAEE Z+E 7ol CBM+ =38
FRoll gt JFEAT FAA AR Fo] PAIEX|
ol |l F7IAA WL Al HEof ojzo] UTHAL
mEtA B Ao A= CBM+ 7idat £ RAFSIH S
o, = - & CBM+ ¥ 4 € A& A9sta, o]
£ HFoR 53 CBM+ 285 98] 48+, At
FH, APNEFEIE 5 GFESS AAlstelon,
TR AR v o g AQAV|ZRE LERATA
A =g CBM+ H&Z 93t g=dAE dFEAE
A ATt

I
r

]

Table 1. System failure types

2. CBM+ g & EF

2.1 CBM+ &

HElo]8E o83t HAlHYEE sk <l
71&ol tiet #ol EoAEA, AlA ElolEE &
Hlo] IFEE Aokl dlEstel AArdge st
£ Qv 9 Bg 7idl CBM+ 7F 8ii7]& & shuE
FELA Q. vEe] IARE B4 Aol mEwd,
Fig. 10 YERd v} o] AlAFIS] IFR[ES 67HA
o] P& EFskaL ATH5]. & Alte] F7FsHEA oL
FE°l THskE A, B, C9J 374 IZRI2 A &
Fd 23%71A] AFAJIAL 1o, ol2dt FHje 1 T
B2 Aol AgE Aol mEt ogAv] 8o] axt
2o}, whdof|, o 89%7H4] ARSI Q= D, E, Fo
WRFES AT 8 AlRto] Fste] a7 EAgof
gt ool o2 Agd 2ol wE ogHlel &
H7} dojict.

ol¢} T2 IARFLE A FIIAA Het AFH
@Eli= Table 13} go] 34 117o] WAYst Hsk=
ARG E] AEolA AZE 28 ARE 2 28315
ot gujshs oRHIE AA, AlLHE] AdE 2UE

ol
)
o

P

o
o

« Type of failure increase
dependent on operating time
(approximately 11~23%)

Y

* Planed maintenance
effect high

» Type of failure increase
independent on operating time
(approximately 77~89%)

+ Planed maintenance
effect low

Fig. 1. Failure category of products[5]

Reactive Proactive maintenance
Run to fail Preventive Predictive
Fix when it breaks Scheduled Diagnostic Prognostics
. Regular maintenance inspection . . . . .
System failure 8 P / According to items state According to remaining useful life

repair

When system breaks

. Prevent failures
Function recovery

Maintenance action minimize | Predicting failures for just in time
by diagnostics maintenance
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S A7 IgICBMY) H8S A WA AT

Y2 5o LPHEES SQsto] WY B4 ol o] ]
2 st o2 gu|o] Ao Wasty gickel. ot

2bx], CBM++= Fig. 29+ Zo] CBMOll Alg]®= S417H]
(RCM, Reliability Centered Maintenance)?] 3
[84E ZFI= 71e FHoH, FEIeT A e
9] o] wEt F7AAY JHE g 9 A&t &
BoltH7]. olo] we}, CBM+= A44 o5 ¥ &g
(PHM) 7H‘r§% 2-g-5to] TlofElo] 7|uIet A|ARIQ] o4
A A 9 A Bol 2 Al AR d&ETe
2, 14 4 A QHE FFcte 59 dFS0l 87

.

714tk
]
=4

2.2 CBM+ EH

o 1x3lE 71& Fgog AAHCQ 2=y H|lL
o] &7l }lo] ol& F Akl e A7l Hasitt

olefet $BR7IMG 5 2864 ol o 60% o4

l
1,

2 A glom(g], ol A HEES PN

77] e e A u Ho]c s}, A

o] CBM+ H8-& A=lw 7t B4 e sy
RCM CBM

* Scheduled restore
+ Scheduled replacement

« Condition Based Maintenance
Analysis via RCM

-

« Failure finding tasks « H/W & S/W for predict
+ Engineering redisgn « System state
* Run to failure operation « Sensors
« Tech. data update
v

Fig. 2. CBM+ concept

Table 2. Effects of CBM+ application

Details
- Automated fault diagnosis and fault separation
- Determining the remaining life expectancy of the
system
- Predictability and productivity improvement
- Improve accuracy of prediction of required repair
parts

Goal

- Improving the reliability and safety of the system

- Increase the utilization rate by reducing the
non-operable time

- Reduce life cycle costs by reducing maintenance
costs

- Improving system dfficiency

Benefit
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u] AL CBM+E B TN A7} obd thofsh
D2AAE Bt 7P EEFQ HoR HEEH]
BAIE 2E & Q=S she HEFoF mEsta Tl
E3], CBM+& 7129 CBMo|| ti3] RCM 242 7|4t
oF A AAH 7|& 5o &8-S a7t v =
CBM+ 7lo|EEo| 4= ol=|3t CBM+ YFEXE Fig.
33t Zo] CBM+ Agd 9 71 A% oA, CBM+ +
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o= gule] MEB(ER7IEE) B4 L Su7 B 4, CBM+ B Qlma U olomE MY
8 A4S 95 A5 oAkt ozt s des) gt %
HlE mEelol CBM+ HRl] fiat Aeke SRS 4.1 BAUI|H YREE

71estal SleH11]. ®3h & &8 A39R(AT E A4 CBM+ H82 oot 7+ 2. ok wrojalaly, HE &
E‘_]_-Og) 2@—0“']1:__? iﬂ]ﬂ 'S'.‘ O"IQFZ]H] XEJZ:} E‘l 7]—%5 6(}:A(:]—% c‘)i7'|3£_ ];[_; 7HHE]—_Z[__‘,‘7‘:’|-_7]1_0’] %%;17]_7‘:]: (ﬁ%}(({})‘%
AR N8 A FE o= CBM+ S M85t 2E A ple gof Yepgiey. WA, 7 2 FAAA 284
&R ANE B 2] g ARE BASKE AL E o) ) cpMr Mg iR 244G EFee] B
£ A36E R APzE WA G T AL o) gzstolor k. YIS o)F 2AZ £88 Y
CBM+ #&< Table 3t ol AlAetal 3. 3, AFBZ EALGATEMP) 9 A 28734

Total System Life Cycle

CBM* May Be
Initiated or
Improved at Any
Point in the Life
Cycle

Define/Redefine
Business Processes
Continuous
Process

Im proverne nt

Measure

Performance
CBM* Planning/ CBM* CBM*
Technology Selection Implementation Operations
Actions Actions Actions
+ Obtain Management Support = Acquire CBM* Capabilities (Sensors, « Continuously Analyze Condition
« Perform RCM/Reliability Analysis Communications, Data Repositories) Data at All Levels
« Form CBM~ Team = Acquire Health Management Software * Revalidate RCM/Reliability Approaches
= Identify CBM* Target Application + Demonstrate Data Management Approach * Develop Performance Baselines
+ Accomplish Proof-of-Principle * Revalidate RCM/Reliability Analysis « Continuously Review CBM* metrics
* Prepare Implementation Plan * Demonstrate CBM* Element Interoperability » Refresh Enabling Technologies
+ Examine New Technologies * Demonstrate CBM* Functionality * Revalidate Human Interfaces
+ Develop Data Strategy « Complete Pilot Program Field Test « Periodically Update CBM* Business
+ Develop Architecture * Resolve Performance and Cost Issues Case
+ Set Life Cycle Metrics = Train Stakeholders and Users + Continuously Update Resources

+ Develop Deployment/Support Strategy = Revise Implementation Plan Strategy & Integrated Budget
+ Complete Business Case
+ Develop Resources Strategy/Budget = Acquire Full Production Capability

+ Update Supportability Strategy + Optimize Maintenance Strategies

= Accomplish CBM* Deployment

Fig. 3. CBM+ activities in total life cycle[9]

Table 3. IPS factor-specific activities over the total life cycle

IPS factor Step Details
Product R R . L .
Demand/determin | - Establish the IPS requirement(development of system support strategies : appropriate system
support : oo . ) )
e requirement application stage, PBL / CLS, self-failure diagnosis, CBM+, etc.)
management

Reflected design of reliability and maintenance to reduce maintenance costs and improve
availability of weapon systems

Researc.h and System * Reflect maintenance design : reflected design for early fault identification through fault
design development / ) X i
reflections Production diagnosis and prognosis
* Expansion of self-failure diagnosis capabilities and application of condition-based
maintenance (CBM+)
Exploratory - Development plan for diagnostic and prognostic functions (BIT, test equipment, CBM+) for
development identifying the items causing the failure and predict the remaining useful life/action
Maintenance Full scale - Development and management of diagnostic and prognostic functions (self-failure diagnosis,
plan and development / condition-based maintenance(CBM+), test equipment) for identifying items that cause failure
management production and predicting remaining useful life/action

Operating and
support

Failure diagnosis and prognosis management (preventive maintenance and inventory
measures by predicting the remaining useful life of failed parts, etc)
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Table 4. The division of duties of related institutes for CBM+ application

Ministry & Administraion Details

Requirement military

Requirement for application CBM+ weapon systems
Offer operation data of similar weapon systems
Reviewing CBM+ Application Plan(draft)

Reviewing CBM+ work-related output

Joint chiefs of staff

Determination of weapon system application requirements for CBM+

Reflections of CBM+ related test & evaluation master plan, development test & evaluation
plan

Coordination and control of CBM+ test evaluation work

Department for
planning & coordination

Establishment and implementation of job training plan for CBM+ work-related office

Defense industry policy

- Coordination and control of task among CBM+ related organizations
- Coordination and control of CBM+ tasks by acquisition phase

; division - Publication and management of CBM+ business guidelines and business manuals
Defense

acquisition - Generalization and system development of major policy and planning for CBM+
program Defense technology |- Development of roadmap for the application of CBM+ technology phase acquisition task

administration

policy & security bureau

Review, coordination and control of mid- and long-term plan and budget formulation
related to CBM+

Integrated product team

Make requirements for CBM+ application
Reviewing and approving CBM+ application plan(draft)

- CBM+ business management in the weapon system acquisition phase

Reviewing and management CBM+ work-related output

Government-

funded /

Agency for defense
development

Support for CBM+ policy and system development
Reviewing CBM+ application plan(draft)
Reviewing CBM+ work-related output

Defense agency for
technology & quality

Reviewing CBM+ Application Plan(draft)
Reviewing CBM+ work-related output
Data management on results of application to CBM+ and output

Defense rapid acquisition)|

government- technoloay research |~ Reviewing CBM+ Application Plan(draft)
contributed i gy - Reviewing CBM+ work-related output
research institute
institute - Review of CBM+ application target(draft) and presentation of performance indicators(draft)

Korea research institute
for defense technology
planning &
advancement

during prior research survey and analysis

Policy and planning support for CBM+ in the field of defense technology research and
development projects

Reviewing CBM+ application plan(draft)

Reviewing CBM+ work-related output

Research and development agency
(ADD, defense company)

Make and support of CBM+ related test and evaluation master plan(draft) and development
test and evaluation plan(draft)

Reviewing all matters related to setting CBM+ performance indicators(draft)

Reviewing CBM+ application plan(draft)

Perform development phase CBM+ task

Standardization and shape management related to CBM+

of ¥rdah, CBM+ AlgB7t 955

/\]_itl ()

A2 CBM+ dE&AEd(QhI CBM+ AF I AEES

gtk 193, A2 CBM+Y]
o} SEHAE CBM+ ¥%o 24 -
CBM+ YPFA - JFHs I3t 5 stojof gict. &
gk, CBM+ol| gt 8 33 - 7|89 T 9 A=A
3 34, CBM+9] E5AF 18 &9 2447 CBM+
T 37148 9rg E iAol B9k HE -2 4
BAE FFstoiof gtk E3], [PTE CBM+ 28AE
A A 718 B 9 A AR AYAIE A S
of m3hotal, F7AA & AE CBM+ AFHEE
AAJstofok gty TSt H3td, 7|8, A4 9 =7

o o
IL.

AESI [PTE X Ydtofof gk, mixgto g A
FW7)1 A, FA)S CBM+ T TEMP(QHT} 7t
A H7HAEARDE A/dsta, CBM+ ATA 7D A4
A B Ak ARRS AESH, CBM+ 2848 49

- Alegstolof g,

4.2 olOgt =

2714 A CBM+2-82 9JsiAE Fig. 4°] Uerd
ol Zho] A&, 7)<, |, © =T SdoA Qe 7
Zo| Fosith WA, AL HopojlA FHFHLHYT
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S B9 opt oA dEE Aol CBM+ &89 & B9l CBM+ &-&o] Zagt i F7AAE AAlsH
%ﬁ*e}ﬂr 713 gFEC] gt fEo] stgElojoR gt 1, I7|A2 APAT RAFEAS B3 FIIAAC]
1_’ ‘_}g-%] CBM+Q} RCMoﬂ 5] 7]-0]1:1:1 o) xl S CBM+ 14_9_ 7Hu1- 7]_‘_—_H :_['LH]—J,]-O]—7]$_/’\_E_’ 7]/’\14.
AL, % Au|e] 27k o] o8 9 Aujdole] AR ek BA, 98 of a2 52 Sagsiolo}
£ Fok= AAE Zstotojof 3itt. & HAR 7[& & $ith 223 HAPE9] IPT+ CBM+ d8 33 48 9
offAE FoHY BAE 7Re R FUIAAY ARAAS A el 3 FU1AE §E ¥ AiEAE AAlsH,
d&sta Aokt 8% Hloly £33 dueEE  CBM+ 38 ti E53 JIAAE 55 ZAR CBM+
B3 AEFY AESE Sl BAVeS TEAAT  AEHREE AR S 7]k gEGsfjof gt

ok Al WA= 1283, =t BopollA= HlolH 52
g_]*a]- q.o}-—]- Al /\1—4,]- qu].uy]%;]/_quTM)_
Fi-g Ay HEAH|(PMA) 55 skl AH|xde

TGS oI, ST ERHEAADELISE 7HAd
sto] QT nARES SIS 4= = A dlo]
EI7} =3 & qlofof gtk mhA|etez, 4] FopollA
+ 8ol golRt A FIIAAR] AAL, A 5=

Oh
L

LGk
\:‘l\,_

B o BAAR §93 FREIIAAR BB 5
o8 JA GE 5 s dASHE FAAL(Master
Plan) $=¥o| €8s}t
43 M2 Y CBM+ $3l%
28A71/47% SANA 2+ & 52 Table 59 Het
o Hle} o] AR 9 olg AELUAA Su £
Framework Technology
- Reflecting relevant regulations + Modelling and Algorithms
+ Strengthening of the Operation and + Data Collection and
Maintenance Data Collection Syﬁ?% Engineering analysis
+ Writing and publishing CBM+ and System integration
RCM guidebook
Equipment Tool

+ Priority Application of Ground weap\&

system : Armoured vehicle, Tank, etc

IETMs, Sensors, Information Tools
+ Improve DELIIS(Real/Detail Data)

+ Application of Ground — Ship — Aircraft
- Portable Maintenance Aids (PMAs)

weapons in Order

% Phased Master Plan Establishment - Automatic Identification Technology (AIT)

Fig. 4. Infrastructure for CBM+

Table 5. Step-by-step CBM+ performance task

AT 2 AANE 2710lk= Bl LERH Blet 2
o] AAFEANA =2d A8 t F5(DI A
2 gl dit 7l Al
7 ﬁé “rEstolof gt mebA, CBM+
F71AA19] RCM & A== 248 53 AA
TA Yoy} yARCEE 30l CBM+ A8 thit
F5ol| ek Aol 2 Y137F HEZ} Eofof s, A

7154

QF pug i

IR O] OiRt 78 M4 24 52 AAIStelof jitt
AANL 57] dAl= CBM+ A& A F50l o

& AA,
22 CBM+ 7l&52 #8skaL, AdB7kE AA

£, ol 4%, B4, 34 e 9l 1o}
s

.9_ Q}ib‘}r% —,—_8_ ﬁ ] ],]-]ﬂ-],ﬁ H]_g', 7]-01 '5”/‘\:1
B9 52 w7 s % 52 dgos A4 A4
ZEE At/On/Off AAH 59 golg 47 Hell A

A & AAsH EolEE gssia, AdE o
olfle 1 At & oA 52 sl FH9 daElE
< Asior stH, F71AA 28 89 % A¥| 89S
Pt 1 Xk 9 A7) T wSA=T} A s ofof B

2&FAGA = CBM+E 2FstaA 229 Ay
AAE 78t 7heEe AL FEF7HE=
dRstodof jtt. 8 A= o] UErd ve} o] of
AolA 82 & Hujg o] 8olH] RYE]
< &l 7HE, E7FsAIRE AHElE 59 CBM+ A3
AE G4 oFE HAdlofF ettt E3E CBM+E 2831

TE v

Exploratory development or early phase of
full scale development

End phase of full scale development

Phase of operation and maintenance

Obtain management support

Form CBM+ team

Perform RCM/Reliability Analysis
Identify CBM+ target application
Establishment of CBM+ application plan

repositories)

- Acquire CBM+ technical capabilities
(sensors, communications, and data

- Acquire health management software

- Demonstrate data management approach

- Demonstrate CBM+ functionality

- Train stakeholders and users

- Updating various data

- Development of CBM+ applied weapon
system completed/force Integration

- Monitoring / analysis of field operations
data

- Continuously review CBM+ metrics

- Update CBM+ application

- Optimize maintenance strategies
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A 2% A7

HA AR o S2E= oFd 28
Zdof shEHolHE fHo|Esh: 5
o] Fg= IS A AEHA E50

olE TSI, 28A471/2% DA CBM+ H&
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Al dlolg A 3 249 Zleride] a7 n: B3
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Sto] FHAlskoks k2ol Wast. ol2%t CBM+ A%
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5. 48
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NEF7 S 59 JFET Q=et 1% 84S
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A Aol AQA7/A, APAE, A /AA
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