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A Study on the Probability-Based Planned
Maintenance Effectiveness of
Naval Combat Ships

Planned-Maintenance prevents major accidents that may occur during equipment
operation and reduces maintenance budgets. Therefore, Planned-Maintenance
should be performed at the right time. The failure probability distribution can be a
criterion for establishing the planned maintenance timing. In previous studies, it is
known that equipment failure takes the form of a bathtub. This means that the
probability of failure depends on its lifetime. In this study, we propose
Probability-Based-Maintenance(PBM). PBM performs Planned Maintenance when the
probability of failure is accumulated over a certain level. The engine failure data
of 98 naval ships were used to derive the failure function by life, and derived by
the hierarchical bayesian estimate. The failure function was applied to the system
dynamics simulation and compared with the Period-Fixed-Maintenance(PFM) being
implemented by the navy. The maintenance efficiency of both models(PBM, PFM)
was measured.

Keywords.  Failure rate Maintenance  System dynamics, Naval ship engine dhata,
Probability based Period fixed

1. A&
11 AT 73

ot T dutdgoz A 23]9 FU|ZHQ AFAHHE FYstt ol QAFFEEH FHI7L
A RERET. A7 A 8% AHHE WEe &7 ARY sYES iRt
21 A5 w3 A wEk AGAH AlE A7) 254 d2AT F Aole glth s
o A AF&FQl AR A ZAL vl Eel= MTBF(Mean Time Between Failure)o| we} 3

rl
Al
é (
Lo
:(|>L_‘4
)
ot
o
=3
N
N
o
B
B>
A\
fo
M e

U
!
2
™,
>~
>
tlo o
>
)
i)
N
*=
(@)
[a)
(@)
>
o
£
O
rT‘
>
b

ey
rr
w
R
o
wu
T
X
N
e
N
tote
o
B
ot
o
=
rr
1L
foN
S
toie
4 o
Og‘:“;
21'4
=
o
it
=
o2
2
of,
>
Q‘E
£
2
[N}



B Aulde] 774, 2018). & AFolA

3]

o3 ek

ol

ZJ 8] (Period Fixed Maintenance)2til

[¢]

g A1 04

oy
o

o
H

veel

X
TR

)

—
o

o

ok Aol "AE Hkek o] 0599 F7]4

2

SR

Z] o]
b B S

o
el
W
w
)

;o_l
H

oy
0

X

ToR
o|)
K

mETa

KN
=

4-Z X % (Bathtub)

2t

0

TRF &

_&0

ARy Ao e

L
L

T o] Aol A

ez A8guel

o] s

(-
il

vee]

X
,..@o

M

ulz} \ok e,

e

tel WS AASHA do GA]

3|

ol H2u® F717F =9

= Ao A9 4

71 b g W)

= I~
FIHT

)
T

o Eol Aullgo] BT

0

M
-

g

o] A

T

o] #o] Bulel

]

AU 2 o]

12 A+53

of

~

el

el
T

AFolM= o] =

¥ ARIMA®} Prophet®}

oy

2 J)|Ed 4=

=
T

&

al

==
3}H7]

o},

of & A7l AR
Fac AA

S

i\

—_—
o

K

.mo

B

N2E tolibele A B0 ol A4

al

Zx

r

o wet 717 34

rick Al male) W

o] w4
5

3]

Eis

of whel ARz 2HAe] o

]

Fa B

S

T


Hyunji Moon


AvRi, e 24 dolE st fm 8o 3 H%ﬁ&t} 3 A AT
2 | Awsianh adoln 1ARs 2AAT A8
2 A A5

)
A o] FHT(ARIMA), A% (exponencial smoothing),
trend decomposition) ¢ o8 WHo=Z IFFFE T=E3H7] gt ="HEo| UG
(Hyndman and Athanasopoulos, 2018). FHZole AAIE€S THOE FA|(trend), F71
(seasonal) ¢} TFE 37 22E5S Iuk3}l 71H ¥ (General Additive Model) WHlog 2
3sle Z 23 (Prophet) €aElES o83 dF Wil ALHIIE & HTH(Taylor, SJ,
and Letham, B., 2018).
Aule] 1Y BEE GHtH oz 8 FF Y (Bathtub shape)s HEAT ¢# A Aok AHF
Xz S #5317 A8l 9Fo]E(Weibull), Zo}bs(Poisson) w329 I}
HEHE Agste d77F AUt Wang and Yin(2019)= SF25 49 #HE 33 (EE
£ &8st 24 7319 etrEE Hitsto
FA 842 Afsta 4 o g8 84E AV T olsHTHOE AFeunh
Sherbrooke(2006)> ¥ol% ®IEXE 7wto=z3 IYE FHHF Li1g]F(Constructive
algorithm)< 7#st=d Setrg A3 EAZ dutste gugFoz &&37)de
A7 AR Zammori et al.(2020)> AAIE ¢tolE #EE o]&ste] TepwlyH A
A Ao #g AFE AT gF wX9 v HE HFste AT Yolx o Xt
HENIE o]43 AAYD A=W (Dikis, K. and Lazakis, 1. , 2019), AS3 E24
(Analytic Hierarchy Process)(Yoo, J-M. et al, 2019) 5< ®¥o] AFHAG. HAe <
TEAME 54 BEE 7Hgsta AT deprHE A dets Wil Bol d7HUH
tlolg el H®rFFo] HFUIWA TRV FAGE A AIFE Wl o] At (Hierarchical
bayesian) 2H-& A 83l AFIH HE Ff(Information pooling)e] 545 o]&& 4 9]
tHGelman, 2006). Al5d EddA HHE= 8959 EFE AAFY E4E TR
A AE7F FHET dE 50, s8] &F X7 N, o)9 W, Bd(w)E u
o) 2 FAS F A2, o, ;& BT 2t 9o E4E B ARV FAEY
A = wds L= &

FdoiE dHolEe gr7}

2

JtHGelman et al., 2013; Taieb et al., 2017). L3, A Z3
BEAAY FHEe Aed= AA 2o R (Hyper
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Layer 1. Engine archetype
Averaged failure rate
Construct B-spline through the mean of each ship engine’s failure rate

Layer 2. Engine type (5 types)

Each type consists of different number of ship engine
Type 1 : 5 engines

Type 2 : 27 engines

Type 3 : 43 engines

Type 4 : 17 engines

Type 5 : 6 engines

i~ Layer 3. Ship engine (98 types)

Figure 2. Hierarchical structure of ship‘s engine failure

31 nZFsF F42

2) B Ao s B} AE 8-S Hyunji Moon, Jinwoo Choi, Hyeonseop Lee (2020), Failure
prediction in hierarchical equipment system: spline fitting naval ship failure, Stancon
2020(mc-stan.org) oA &<l 7}535Hc).
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o BEFES F439t(Hyndman et al, 2011; Tabandeh and Gardoni, 2015). 743t
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Figure 43} #Fo] a3ttt FHEE SEEHY AIFH 2egie 0% =540l 0 (1/62)
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Maintenance criterion
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Q:Z:»l PBM Failure probability ’#’Q
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Failure Function ' = =
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\\ Based Maintenance
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a | Maintenance
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o Maintenance
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——
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<Time=>

Figure 4. System dynamics model
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Hyunji Moon
문턱값은 총고장량 누적함수의 q_(1/62)
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Figure 5. Failure function by hierarchical bayesian model
Table 1. RMSE comparison
Hierarchical model ARIMA Prophet
1.0349 1.2587 1.0875
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2 ARIMA(Auto Regression Integrated Moving Average)®} ProphetS 2 A3}t
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Table 3. Simulation result statistics

Period between

Maintenance Max Min Mean Std. maintenance
Max Min Std.

Probability Based 24.02 15.73 18.26 1.56 1.25 0.1667 | 0.2579

Period Fixed 32.46 1.08 14.32 5.59 05 0.5 0
DHY vs DHYIZH YOl DFE Hlm

2625

|

0 31 62 93 124 155 186 248 279 310 341 372
Time (Month}

Period Fixed Maintenance : Current
Probability Based Maintenance : Current

Figure 6. Comparison of planned maintenance between two maintenance processes
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st 717ke] 1 dlolE FE7E Erbsdoh wiiEe] g ZRIH0 ~ 59l
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2 AAg ol & FANS Do g T & AYL AsEd Jo] v FAA
o] Wolzle A¥etx & 4 Utk wEkA FF A7E Fa& 71z 1 8F Avlek FE /W
g Aule S HH3) wgste HHg Rds =Estd, sTelA B dA4 e
A gte]l & Fojth
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