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A Study on the Probability-Based Planned Maintenance
Effectiveness of Naval Combat Ships
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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.
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Figure 1. Data Location by Age and Ship
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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

Layer 3. Ship engine (98 types)

Figure 2. Hierarchical Structure of Ship’s Engine Failure
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Figure 3. Distribution of the Average Failures During the Total
Life Cycle
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Figure 4. System Dynamics Model
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Figure 5. Failure Function by Hierarchical Bayesian Model

:LEHEOHH 7252 FrolH A 2% H| & Z4(scaled)
W vRRgolt 1Az AP He AFY T

5]’2:"-:’]%"“ ggste sl Az AAE st 1A3gT oﬂ

AR Hebal 7] 418 F0050] ke Y BRI

B om 987)e) 22 ML B9l 2o s }L 2} 7Hbﬂ
4 Ao 24T B 2 ze) AA Al Fee 3
744 AToIA olF vlo} o] 42 FABo) T o2

Heloh

54 o]ate] FHFr] F Z 7189 & FEHE o
<t o= HlolH e E4 ]O ghet, 2 Aol AHEH )
olH& T A% Al sidste vlolHolth e 8L
QA o] YA7HESE 244 0] 3FAF A H](warranty) 717+
7RIt RS 28 172 skA) FH| R ERE o] 244
A AH FelE AAsH 11 99 17 hste] o] AH
AHlgt), QI A 5id7EA] 9] HlolE o= akAf Aulef &l

ol A

F

il

sk o] FE o] OB g HAE <Figure 5>2 ZRFF
BHTh 2 2 /b o) Ak sdol A g3e 13
go] Z3Uthh 50 Solzel wet W3 Zrkank o

27do] At & 3 ASEL 5 A S7He
B A7 An A v w o 13 grE J491S59 3
Ao]| g s afl i A%l A A S t3Eshe ot BhY
8 ek T R of s ek gl ok B4
B A= AYstAtt. g FAd AHEE ASE
Hl o] AI¢F FAI= 44'7‘]«] ?ﬂ TE &l 459 PHECI, B-
spline3} &7 AL-&-3l=
k. whEkA 710]'?}—?5 HA Agol ERlH A daelE
I} v WS T Bl 2 d S ARIMA(Auto Regression Integrated
Moving Average) 2} Prophet &2 A 435t ARIMA= I A2
FE Aol 4FH0] del d7E e, ek T4l &
£8 AT = EA43THWang and Yin, 2019). Prophet-2 4| 4] 4]
&l sns 71 Facebookoll Al 73t HAl o) & dae|Fo 2 3
2] o] B &(Fourier decomposition) & 7|HFO.Z A|A|F & S0l A]
£+ 458 B QI t(Taylor and Letham, 2018). £ 2] 314
4o} v n 29 9] 43758 RMSE(Root Mean Square Error) 2
=73} th(Hyndman and Koehler, 2006). B 24 7= <Table
>3 2t



A AEA ] FEI|ADA] 2 9T 195
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Figure 6. Comparison of Planned Maintenance between Two Maintenance Processes

Table 2. Simulation Result Statistics

Period between maintenance

Maintenance Max Min Mean Std. -
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 0.5 0.5 0
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Figure 7. Maintenance Count Comparison
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