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A Study on the Reflection of Condition—-Based Maintenance
Requirement in the Defense Specification
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ABSTRACT

Purpose: The purpose of this study was to suggest weapon system specifications for requirements of
Condition-Based Maintenance(CBM/CBM").

Methods: The military documents and case studies with regard to condition-based maintenance were
reviewed. Representative Korea defense specifications of weapon system such as an aircraft, a C4ISR etc.
were analyzed and investigated the level of requirement for maintainability was.

Results: Condition—based maintenance was defined in both U.S. instruction and Korean directive. While depar-
ment of defense(U.S.) provide a guidebook for CBM", detailed instruction was not sufficient for Korean.
Ministry of national defense(ROK) define the CBM" by means of IPS element which should be developed
along with the system development. The maintainability was barely included in Korean defense specifications,
except for BIT(Built-in test) function. As a first step for defining the condition-based maintenance requirement
in defense specification, this study suggests a standard form for data needed to acquire according to types
of system, fault, failure, and so on.

Conclusion: The empirical researches on CMB/CBM" with domestic weapon systems are not enough, and
a logic which leads the maintenance strategy to CMB/CBM" is not solved. Through technical researches
and institutional improvements including this study, we hope that condition-based maintenance would be fully
established in the Korean defense field.
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Phase, Maintainability, Total Life Cycle Systems Management(TLCSM)
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F2AAE 1A A QA4 Eo] JopHog FA o g A f3 o] vpFatal WA 7hsAde] Erh Ed AL
& NF 7 oA Fr)A A e AN

AL A=A

o HHs &l

Corrective Maintenance

O - Fix it when it breaks or a failure/fault has found
@B’/ - No scheduled maintenance

Preventive Maintenance

~
- Maintenance based on a fixed time schedule
@ - Based on the useful life of the component forecasted during design
- Prevent the catastrophic failures, but occur unscheduled breakdowns )

Predictive Maintenance

~
- Maintenance based on current condition, forecast of remaining useful life

- Scheduled based on evidence of need
- Reduced downtime & overall maintenance costs, improved reliability

Figure 1. Evolution of maintenance strategy(DoD 2008)

A A AFEA 8] (corrective maintenance), %A1 (preventive maintenance)2 A =4 1| (predictive
maintenance)® WAt Qlom, Zb Agn] defe] £ a7l 13 vk o S5gus e 71N E (CBM/CBM',
condition based maintenance)BtalE EE|H, CBM = 1|2 FE|AE WH3lE uiy) Agke] A5z AEsl=
CBM 7Hdedl &R a4 4 (RUL, remaining useful life) 95 7]1&& U3k An)deFolt}, o2 3l oS4 n] 2] i
o x] D AXA A2](PHM, prognostics and health management) 7|22, H QA %, 7|AstsE 5 43
AAEE VlEs JES AEFETY A5 Vsdd tidt #4lo] =ri(Serradilla et al., 2020; Wang et al., 2020;
Xiang et al., 2016).

7R = S| e ol ags s Asty] wiimell ARA Agu] v &S Aze ¢ Jlom &
FE209 A £8o] 7F5sA o Kumar et al., 2018; Teixeira et al., 2021). ©]&3F FH o= <13

Pl = ok Aguldef ikl dske] Falel itk AE7INguE FoAAC A-88H7] s = e
& F50te RUHE A28S Ut ow FEdof stn, A7 AeA, T 8, A

A AANG DA ANAFE AA L FA s ofof Fro] EFdslti(Jung et al., 2017; Seo et al., 2020).
Yu et al.(2016)2 Ay Az} AAALAA Y FEaAE wkgste] A HAs B2 A A A NEEA A

Ay aet Beske FaEsplE g
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FEZINEAE] QS A =g wok it A R A8 Al A RS} sl FU1A A9 A
g 2 TES %Ho Al Wk = gl ekl el Ashaat

Review on military documents

- Department of Defense Instruction
- Department of Defense Guidebook
- Ministry of National Defense Directive

}h
Implementation cases of weapon O?/ Military standard for CBM

to include the requirement

- Health and usage monitoring system
- Army UH-60A Blackhawk, Navy Seahawk

- F-35 Joint Striker Fighter propulsion unit in the specification

Maintainability in specifications O

- Maintainability requirements N\
- Design for maintainability
- Radar, gun, helicopter etc.

Figure 2. Summary of research progress

2. o]&8 2 B AYAT

AE) 7)) S kA R S Akl AdR]of] A 283 Algl7F BarE 3 9) 0™ (Kim et al., 2017; Seo et al.,
2019), 2F] Fofoll A= AE)7|Hk ]4 g MQE FAFER ohlE} AlE TR Fistal UtKSeo et al.,
An )

K

2019). RIsAd o] 79, IS0 17359, 1SO 13381-1 & =AIEZ= A 71719 el Aok Jet, o5 Xk 3449 7}
w28 g e A Al tigk A ARS Algekal ATHE 1), = ool A Aej7|vgn] w1 9
AL == et R ekl FEst LA} gtk v) siEE F7IAA GE 7 R(CBMY) 482 913 3%
g, AxF T& Akl dEizIebgul o] mabA GRS Sl AAE Algskal ook vh Sl 5 Zokell A dS
A5 7|9rek el 7|9 E[(CBMY) -8 Aoshe 1142 tha vl &gk Aol & FollA= ] e 71ekd
H I 1A, A3 A7 Iebgn] 28 dstel dis AEste] AEi7IRbgn] el sl stetetarat gt
Table 1. International standard on CBM/CBM*
SPEC. Title Contents
ISO 17359 Condition monitoring and diagnostics of machines - General guidelines Overview
Condition monitoring and diagnostics of machines - Vibration condition Measurement
ISO 13373-1 . .
monitoring techniques
SO 13374-1 Condltlofl mpmtormg and dlagnostlcs of machines — Data processing Data Management
communication and presentation
Condition monitoring and diagnostics of machines - Data interpretation Diagnostics and
ISO 13379-1 . . . .
and diagnostics techniques prognostics
ISO 13381-1 Condition monitoring and diagnostics of machines - Prognostics Dlagnostlcs' and
prognostics
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2.1 = Eof A#719gu| (CBM/CBM+) ¥ 4

2.1.1 v] = A+ 3w Ay

v == DoD Instruction 4151.22, “Condition-Based Maintenance Plus for Materiel Maintenance” ol A
FEHIZISHR|(CBMY)E A9t 2 71 F71A Al 2838171 gk W3, A 55 A8kl 91.em, DoDI 4151.229

TR E A7) o] JEARl A8-& Hdl 9 7he]=5(DoD 2008)S AlE3kal vk e 7] A o
AR, =S 52 ¥ 28 g

F2IAA 85 Gl A7 E A8t of= 4 RS vhadt 2ok WA g FIIAAY] AlE =
241 AH)(RCM, reliability centered maintenance) ¥4 A3} A 7144 R](CBM")7} 7184 2 H]-& SHol| A 7}
A Astel Augeety Fr1Ed g5 5815 S7EA AIJCIDS, Joint Capabilities Integration and Development

System)Vell Aef7]19-g1] 7dS A A gth(DoD 2020). o= WEAE Xge 571 AA 857 5
Fe7IRgRlel thk e T FIAA S e o R Vs AAFSEAL §lEk DoD 7RO B Bgk AFE|7|NE
GHI(CBM") 845 AHASF7]9] 27] @0 F-8 agsljof sfr, S857]42|(TLCSM)2) 7 of2f )

2,

DoD bl E5& 4837, AT/NLFA/ % 5 olsltAAEe] Qo] Q= olalsh AFH Felugule] H gL
S|
4

el 1ol TNEEA e &0 9l duriukAnle] Ao, Alaelaast Ve 84 7 B, 7,

=

=

Table 2. Military documents(standard, handbook, etc.) on CBM/CBM*

SPEC. Title Contents
DoDI 4151 22 Condition-Based Mamtepance Plus(CBM") for Materiel Overview
Maintenance

DoD Guidebook Condition Based Maintenance Plus(CBM*) DoD Guidebook Overview
MIL-STD-3034A Reliability Centered Maintenance(RCM) Process CBM for RCM policy

OPNAVINST . . . .

A790.16A Chief of Naval Operations CBM Policy Policy
ADS 79 HDBK Condition Based Maintenance System for US Army Aircraft Overview(aircraft)

S BAE20 A8 okl 434 AT AR ES 4T FET A0kE BPHAS 2asky Yok
A6 A8 BEA FA BT 4R WY A0E R e 2 Wok B F o}
2, F0 A 9 ARA QA SRR e 0L Ny AT EE, o] AA A9 9 )
A AW TRR FFUF NI EL S ARAD, T A L RAM 17, RENS 53} 2L &
1) sHesEEsIEA AJCIDS, Joint Capabilities Integration and Development System) : Al5F 714 A] A28.7] 8ol A3} n| =+

H
o] FAAQ AXEA, FUIAAY] d5e727, WrPE 52 Aodth

2) & 57]382(TLCSM, Total Life Cycle Systems Management) : A A 2 AH]o] A~ Q.
7] JAA g, v, 71E, AR 58 T84 BHlA #Esh= AMND 2021).

2, 905, £9 2 AR o)zt 44 $9F
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THF7IRE G AR IAGTER O SRR AR o2 ojuE e, 24 il FE7
BRI A A 7E R E AT

A A (MND 20218 719 H & A7) 8l vl whdd 21s fAdskar glok 2 &3 A
152284 = 98 2N 2 oS A Aoz A AlA HlolH

Aol w=w AH] g 3 ARaL o
& 283 AE7IAN(CBMN)E agjsto] F71AA 9] 714 - B4 des AR ok, A8T=(dH A9
2 SR Al A ske] gt AAEZIRPH(CBM Yol et 288 Al71E
AN SA oA Aeatat Fols) AANE dAel T 285 WEE 5 3

3
Z(AAANLZY) 2 A39F(AF D AA NG ol| = AFej 7| WA R (CBM )7} Z3-A Al A A (PS, Integrated Product
Support) 8.4 7] Jred o] FHF|aAE So] FETHVND 2021). 7R HI(CBM )7 AF A o=
AduE SFAAAL A FHFIGAE S5 £ 339 P

A dFEH, 9 FrY TR G T-EH S Pl wel, AQA 716 A AL
2 Y Al AE7Ng] A8 RS AAste]l g AANE L kit dAlol A AgulA Ao Wi ho z A
FEI7IRE R A el she S, AEl7 W] -5 A staL vk =, FUIAAl S53 T AE7 IR A
AA WS A8 5[RO0)Y 71454 s omhy gAEo], Auld AAE vhgste], i AlAS A

Table 3. Life cycle step actions of IPS element for CBM/CBM*(MND 2021)

IPS element Phase Actions

Establish the integrated product support(IPS) requirements

Requirement - Development of system support strategy including which an

Product support | institution & appropriate maintenance applied to a system, whether and what
management determi- to apply PBL (performance based logistics) and CLS(contractor
nation logistics support), whether and what to apply self failure diagnosis

and condition based maintenance (CBM"), etc.

Design for reliability and maintainability which improves the ability and
reduces the total life-cycle cost of weapon system
- Maintainability reflected design

- Maintainability analysis result reflected design

Research and System . . . . . .
. v - Failure diagnosis and prognosis reflected design for early failure
design development . L
. . identification
reflection / Production

* Expansion of self failure diagnosis ability and of condition based
maintenance(CBM") application
- Improvement of maintenance accessability and ease of use
. Design consideration of modularization, human engineering. etc.

Establish the development plan for diagnostics and prognostics

Expl . . . . . .
xploratory function(BIT, test instrument, CBM") to identify cause items of failure,

development

Maintenance to predict remaining life, and to take follow-up actions
plan and
management System Manage the development for diagnostics and prognostics function(BIT,

development | test instrument, CBM") to identify cause items of failure, to predict
/ Production | remaining life, and to take follow—-up actions
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2.2 Y Fof AE7INgv] 28 Al

HUMS(Health and Usage Monitoring System)t 48] AR 23R Au]o] F g7t sk uf An|gith= A7)
W) (CBM) N3-S WEEE AeidA] 9 obdxd A|lrdlog S8 oot HEFr}) Kilby et al.(2011)&
| S A<=23(TWV, Tactical Wheeled Vehicle)oll HUMSE 2-&317] 913 dlolH =327t =837 24
TS ¢ QIR JNRFTE S ofdel| S8] WAshE agALE HUMS Bl 2Es|, Wb 259F 11 ¥shs
deoly 7|Rtoz 3 g-S sl 890S Fiske duess g

v & UH-60A Blackhawk @258 ¢} 1] 3|t Seahawk PE]FE ] W47 f47]9)718]of(planetary car-
rier)ol|A] st Fo] WAL, o] & QI Fut UH-60A #7]9] vlgfo] 3= S =3t 7]o)9] d 443 1s
AE EA F 89l sideband ratio(SBR)7} A#AAE 71A]7] witol], HUMS(Health and Usage Monitoring

d

System) Z5-E] zzé?i} W=7 7]o] Wb H5S SAst] 99 A5 Yo R A9 B3k Y AR B
(Paris modeD)< vIE 2 7|8k 7o S W SHE|E Y dagsS 483to] 7]odlA HAE rge

A71E 011325}7]4‘ g tHVachtsevanos et al., 2006).

o] ]| F-35 Joint Striker Fighter 5%17]3% W 9#(debris)oll 93+ 93} 4 2 A (Powrie and Novis
2006) & F7IAA Al ez nlE 483 Abel7h B3k HaE 7w Anh o SA4HE E3Fete] A
7IRHIE FIAAC] A&sty] 9% 7]=A] W, Al AAp sl g AksHAle] At Ekdtrh(Adhikari
and Buderath, 2016; Choi, 2019; Jo et al., 2021; Kim et al., 2019; Park et al., 2019; Rabeno and Bounds,
2009; Tinga, 2013).

3.1 Al B 14 WE 8%

3.1.1 =l F8 F7AA 44 Baxd A%
FAFAE Sl Al ks FUIAAY Ve dexd ASUs 71Ed SA et 2
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E, 2R oY T 2 8§ vy ARE PO AEr|vAn| R S 7hsAdo] wrhe A &m|rt At
Table 4. Review of Weapon system specifications for maintainability
Requirement for maintainability Built-In Test(BIT) system Condition monitoring system
Local
air defense ra- B Must have self-diagnosis B
dar function
(TPS-880)
Thermiilgmag Must be able to
- independently check the -
system function of component
(TAS-815K)
Maintainability
- The extent that can be
returned to the specified HUMS
Utility heli- state within the specified - Condition monitoring for
copter period Included in HUMS engine, transmission,
(KUH-1) - MTTR(Mean Time To rotor, rotor brake etc.
Repair), Maintenance - BIT included
Man- Hour per Flight
Hour, etc.
Must be a function to
Wheeled execute periodic inspection
air defense B and a function to display the B
artillery gun failure based on the
(K-30W) inspection for each
component

3.1.2 NEA el A kg B

2.1.20014 AFE A AALAPS)S 71E9 F A YALS, Integrated Logistics Support)< 343k 71d
o7 RIAAY 5 +85Y FA das A5 S-S oveit). ‘A 9 A WS FFAAAY
84 FovE, T SETHEECFsE) I FHFINE TAE A 0R AR, AulAd ANt S X3
Star Slek ohk, AR TEeAR ey, S T R d T Sol ARl Ak S gl
o9 AH] A S ol shar QIkFE e aAE Wit AT 1A EY o, AAl ILS A AEE
Q1 AgHAd A BaAo e ] 2] 1 g1, 31 {8 1A A A, ARARE @5 ] AA WA ARE gR1E
T AT ok ol gk AHEES A A2 5 AR A7 vk AlElER dRd SAle] A WA 4
el & 31,1004 A A3} o] BITBuilt-In Test) 9ol Ztolr 7| 35t}

I A A QR o] o BRAAAY 8AGE 3 FR)eA Dk R 3 aGdAE F
g 271307 APEE e AN B A g 5 S 9 AE 7Rl (CBMY) A8 g E A dEshr] 9

3] nlod
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3.2 =7 Mg 8% et ke Wkt

e 7 R A 2B 0] 7] Al Abe) ZA(CM, condition monitoring)9F I T B o] 4= of Sof] Ut
el BUE R AA U 24 Az %%%74 g /M= 2le@d, AE, 5%, 28, AR, A, 949, 7% 9)E
AAFo mA Ao s e 9 53 = e Aotk WE 4 Ve 7P A FHEUHT Ve,
E3] Hojd #=lste] Ak AZl(seriousness), LA A (source), A& (growth) 52 F4% 4 A Kumar
et al.,, 2018). Seo et al.(2018) @4 2157} ofue} i} F59] d3las UHehlle As, 2%, Ed &

b

a

A g e AEHATE A5t FHUSEES AR divh. gzl vy} ol o Sl 285 =
< 747, SVM(Support Vector Machine), #¢]#|¢HBayesian) 4], HMM(Hidden Markov Model), ¥*
Fuzzy logic) &°] 9 THShin and Jun, 2015; Gang et al., 2010). &3] 3t 7= oyt A%
] 3 tlolelE o9A Tk 7t weh 289y 1 rE e 7iubgn] Al 2~Ed figh Qe A By
HE 3 #ad A7 Zho|=eRlE 7Ivie g FEEUHP I JAd 2 oS daggs NEse s Ve dex
Ae FAgste j?“}ﬁﬁ"ﬂ g d = s Aoltk

\_/—4

P

e BUEHPE del8 AARE 24 ol wleld £ 71, QA 14 o, £4 dole FFHE Agslo
aaFel Jolg Fal, vold 4 7] 2L Ag A olie 1A

GGE 5. dolEle] AAE 54 ol ey
ste] Aol Ak R ol okme|el wheh AR A Ass el weh 84 Aolw

Table 5. Guideline for condition monitoring system design

Type of design
Data acquisition On-line(Real-time) Off-line
Monitoring period Periodic monitoring Continuous monitoring
Warning Limit Static limit Dynamic limit
Data Vibration, temperature, current, voltage etc.

A dolelsh AP 7k ATAAL A28 A gho] FASEE s, 2.20] 2718 Abelsh Zo] A
W o] F- 7]Ee] T AdH RUEE AlAEE o] gste] AH7IMEHIE A8ty v = dHolE 5 &
& AN 7 FASEAR S0kl dolsel va TEerel Basieh TuA o Hey|ugulst Fag
T ojoRdty = 8t of) ANt ] Abgel A F QAR AFE 7] folv gk i v S
2 TEHA JAF vl BHS /woR A 2 43k Aol ¥ Asicha pEE. Tens AA &
HRlE 23479 3 553 Ve T TR S Ao E g A, F5 sl whet



Son & Kim : A Study on the Reflection of Condition—Based Maintenance Requirement in the Defense Specificaton 277

W= A AT AW = g ¥
el 7164 Bz B e L3 5 9 zaM w349 nam el B iyl
O Aoyl wong H - i

t|o] Bl (condition data)ol] thdk =<t
AYE 71 H] A A A 7]
Fol WS W) Aol S

] 3}

A =

7 e 7IWH S aresly] 91% 7}0 ERlo R 4 dolH EFE Ao, A A Ef}\o, A, TS
& A

Al

“‘_8:
?‘_I‘
%4>
;;z ftlo
obo_E
o <
&
2N
riré
= N
N
o
e
N
4 2
(T~
4 > o o

of wzt A a3l dele
o= Agd =S
el dlolelol] #3 A5 Fal 2 =l A At & }i%‘rﬁﬁl%é‘ 01]% ojtt. o3| =i
AAE ez sh, Je7Iign] AAR-E S 2843 vg S| asipdel ag 454 A7+
ARz =] ZEALTE SEA] tdob @A) F7IAA T Aol S
L ATE vEske] BEINPERIE F7IA A A88h7] 93 71sA 2

il
Q‘L
X
is
&2
o
O
o
ot
>
o,
=,

0]
i)
=
SN
r&
o,
g
==
o ik
2y
)
2,
X

>

ol

REFERENCES

Adhikari PP and Buderath M. 2016. A framework for aircraft maintenance strategy including CBM. Proceedings
of European Conference of the Prognostics and Health Management 3(1):1-10.

Choi CH. 2019. A case study on application of R&D quality assuarance to secure high quality for military supplies.
Journal of the Korean Society for Quality Management 47(1):151-162.

DAPA(Defense Acquisition Program Administration). 2017. Korean defense specification: radar set, local air defense.
DAPA(Defense Acquisition Program Administration). 2020. Korean defense specification: helicopter, utility.

DAPA(Defense Acquisition Program Administration). 2021. Korean defense specification: gun, air defense artillery,
30mm, wheeled, self-propelled.

DAPA(Defense Acquisition Program Administration). 2021. Korean defense specification: thermal imaging system.
DoD(Department of Defense). 2008. Condition Based Maintenance Plus DoD Guidebook.

DoD(Department of Defense). 2020. Instruction 4151.22 Condition-Based Maintenance Plus for Materiel
Maintenance.

Gang Niu, Yang BS, and Pecht M. 2010. Development of an optimized condition—-based maintenance system by data
fusion and reliability-centered maintenance. Reliability Engineering and System Safety. 95(7). 786-796.

Jo G, Cho Y, and Jang J. 2021. An experimental study on CBM+ of trasmission in depot maintenance for missile
vehicle system. Journal of the Military Operations Research Society of Korea 47(1):46-62.

Jung IH, Seo S, and Jang BK. 2017. A case study on the quality control strengthening in development phase of
weapon systems. Journal of the Korean Society for Quality Management 45(3):349-364.

Kilby TS, Rabeno E, and Earvey J. 2011. Enabling condition based maintenance with health and usage monitoring
systems. Proceedings of 7th DSTO international conference on Health and Usage Monitoring; 2011 Feb 28
— Mar 2; Melbourne Australia.

Kim GY, Hwang JK, Im YK, and Ha SW. 2019. Roadmap configuration for technical elements acquisition of military
fixed wing aircraft parts PHM and verification of parts selection phase. Journal of the Korean Society for



278 J Korean Soc Qual Manag Vol. 49, No. 3: 269-279, September 2021

Aeronautical & Space Sciences 47(9):665-677.

Kim SJ, Choe BH, and Kim W. 2017. Prognostics for Industry 4.0 and its application to fitness—for—service assessment
of corroded gas pipelines. Journal of the Korean Society for Quality Management 45(4):649-664.

Kumar S, Goyal D, Dang RK, Dharni SS, and Mabla BS. 2018. Condition based maintenance of bearing and gears
for fault detection-a review. Materials today: Proceedings 5(2):6128-6237.

MND(Ministry of National Defense). 2021. Directive on defense force development.

MND(Ministry of National Defense). 2021. Directive on total life cycle management.

Park YM, Kim BU, Kim SH, and Noh SW. 2019. A study on durability life improvement of blower for military armored
vehicle and self-propelled artillery. Journal of the Korean Society for Quality Management 47(3):453-465.

Powrie H and Novis A. 2006. Gas path debris monitoring for F-35 Joint Striker Fighter propulsion system PHM.
Proceedings of aerospace conference IEEE; 2006 Mar 4-11; MT USA.

Rabeno E and Bounds M. 2009. Condition based maintenance of military ground vehicles. Proceedings of aerospace
conference IEEE; 2009 Mar 7-14; MT USA.

Seo BS, Hwang TW, Jang BC, Song JH, Sohn YH, Lee DG, and Yoon BD. 2019. Introduction of the 4th industrial
revolition and seccess stories through PHM technology. Journal of the Korean Society of Mechanical Engineers
59(1):32-37.

Seo BW, Yim SO, Choi YH, and Kim BH. 2020. A methodology research on development stage of submarine vessel
through QMST/QCG system. Journal of the Korean Society for Quality Management 48(3):521-534.

Seo MK and Yun WY. 2019. Condition monitoring and diagnosis of a hot strip roughing mill using an autoencoder
47(1):75-86.

Seo YH, Kim SR, Kim BK, and Ma PS. 2018. Life prediction of bearing by statistical estimation of state index.
Journal of the Korean Society for Noise and Vibration Engineering 28(3):339-347.

Serradilla O, Zugasti E, Cernuda C, Aranburu A, Okariz JR, and Zurutuza U. 2020. Interpreting remaining useful
life estimations combining explainable artificial intelligence and domain knowledge in industrial machinery.
Proceedings of IEEE international conference on Fuzzy Systems;19-42 July 2020; Glasglow UK.

Shin JK and Jun HB. 2015. On condition based maintenance policy. Journal of Computational Design and Engineering
2(2):119-227.

Teixeira HN, Lopes I, and Braga, AC. 2020. Condition—based maintenance implementation: a literature review.
Procedia Manufacturing 51:228-235.

Tinga T. 2013. Predictive maintenance of military systems based on physical failure models. Chemical Engineering
Transactions 33:295-300.

Vachtsevanos G, Lewis F, Roemer M, Hess A, and Wu B. 2006. Intelligent fault diagnosis and prognosis for engineer—
ing systems. 1st ed. Huboken, New Jersey; John Wiley and Sons Inc..

Wang Y, Zhao Y, and Addepalli S. 2020. Remaining useful life prediction using deep learning approaches: a review.
Procedia Manufacturing 49:81-88.

Xiang L, Qian D, and Jian—-Qiao S. 2018. Remaining useful life estimation in prognostics using deep convolution
neural networks. Reliability Engineering and System Safety 172:1-11.

Yu BY, Honda T, Zubair SM, Sharqawy MH, and Yang MC. 2016. A maintenance—-focused approach to complex
system design. Artificial Intelligence for Engineering Design, Analysis and Manufacturing 30(3):263-276.



Son & Kim : A Study on the Reflection of Condition—Based Maintenance Requirement in the Defense Specification 279

oy
of
wy,

KAIST 7IAl& sk £9ieta, sishdold Hatetele H53om, @A l7leddded drdoes

Folth
dot AR Eelete] AL AT MRS ASdow, A F71LFAL
Qo AH Folth $y Lok dold, ek}, BA Folth



