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Planned Maintenance Queue Simulation based on Failure
Probability: Focused on the Naval Battleship
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The constant maintenance interval performed by ROK Navy ships has the advantage of convenient maintenance
planning. In the past study, the failure rate of the ship continued to change with the life of the ship. Planned
maintenance performed at regular intervals may not be appropriate to maintain the varying amount of failure of
ships. Probability-based maintenance considers the changing amount of ship failure. Although the effect of
probability-based maintenance was derived from previous studies, it was studied based on a single ship.
Therefore, in this study, the effect of applying probability-based maintenance to multiple ships was confirmed as
in reality. When maintenance was performed according to probability, the maintenance time overlapped and
queuing occurred. The system dynamics simulation was performed considering the advantages of applying
probability-based maintenance and the disadvantages due to queuing at the same time.
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Figure 1. Bathtub Shape Failure Rate
Table 1. Strengths and Weaknesses by Planned Maintenance Performance Criterion
Maintenance Performance criterion Strengths and Weaknesses
Period MTBF * Inappropriate maintenance time
fixed maintenance (constant time * Difficulty in optimizing maintenance manpower
frequency) * Easy to establish maintenance plan (budget, ship and shipyard operating etc.)
Probability . * Reliable equipment operation
based ( faflzlr]eur:m:z:ieon) * Easy to optimize maintenance manpower
maintenance * Difficulty in establishing a maintenance plan (budget, ship and shipyard operating etc.)
Zdol A dejstte Aol Atk A xR AE 18 $&F FAHE 1w A oE Ao pA A ]
B ol B 71 27]9 B]de 14 E] 5ol B &80 7hEstn, AulEke] HAsL HojH AuHlY 8o
TotaL, GHF717F 2 ekA dkthe ol fr2 g AulAl fElsith <Table 1> 71ZEL Y E A A W 9 thr] ke Choi
715 3 5 Ao T3 <Figure 1> o] uAe WAl ef 0l(2020)9] SEZINE AZAHHY Y EG A DEHE
HethE A Al ssfopd Arlgol wiw WAt v A3 Aot <Figure 2> FE7|HE A YA HIQ} 713kaL
W Fgets gu o] 2] o Andd dAel ofd A AYAHY Au SN AuFS vlnd Aot
th. Choi et al.(2020) ©|9} & EAE A7 A W (Choi er al, 2021). xF2 FAY 59 31dS 711-%J o=
o2 &E7 IH  ALAQHE A A PG Aotk yF& A FE uldtt A4 &5
SE7INY AGAnY u4SE Wste et AuztA  AGA 9 ArIA7) e AulFolnt. 71t Y Al H(H
& 273k W o) ThH(Choi ef al., 2020; Choi et al., 2021). B 4 Aj“) | 259 F718 1 Fo] Hete A 2 &9
AuHAo] thar] wge] AuAE So] of Tk %, Aul @AY HulFe AT ol Z, gulFe] W
Aot B L8l BE FAHE AT S AN 7H A7 GE] ArR0le] ARF WAL Aky B 4

il

=)

.MH }“ HHHHM H“H‘

0 93 124 155 186 217 279 310 341 372
Time (Month)
Period Fixed Mai : Current
Probability Based Mai : Current

Figure 2. Comparison of Planned Maintenance between Two Maintenance Process



LBEE 7P AG A 7| HE A Fd o] A 107

Choi et al.(2021)& 1A3FE wHY3 357|618 A 3
H] (Probability based mamtenance)"ﬂ A z"tolye A8 &
3to] <Figure 2>3 Zo] A3%5 AU & T4 1502

YIS £ ol A 2ol tiy]
e 1A Guthe A A ST Zé
& AgHA o]t} <Figure 2>9} 20| &&7|9H3
638}”4 A F717h i 2k w7 34 0431 ?—1
15717} 22 A 7)o 28 & 4= Qlek o] | A4 5, AFul 3
%; ato] tf 7] 7h A < ok

& E(Queuing)& 1A E0] =35l 7|ThE Tt AH]
F1 HuE Al 2"olth o7 B A AF S Htﬂ(server)
I (customer) O & FAHT. AW F85Y o]Fo7
o] £231H o) 7] 7} A E T Lee, 2006). ’%W & Aul F
ﬂlf?h 4Hl-rﬂ1°ﬂ s AgAuE F g3t 4
& 0A 4= ?"‘EJE} H] 523k A7) o) A H]
EHE‘% FHEC] Y A5 ﬂ17l7} ‘Mfﬂv} g

Qﬁmm

OFO
ofr
=Y o2t > 18 | > oo ot

R oo &
rulru 5‘.: olr —\
o ﬂ“‘ ) _IE

N
XL _I\‘z
b

R=3
=
-
r&
O

NN
.
-
Oﬁt }‘H

C

ooy
N

= iﬂro}ﬂ] g A4 /\171
of AulE FHsA £ itﬂﬂﬁk o] A4 5 sl
of & A7 F42 711 F AGAw 9 GE7NHY
AR 2l s T3k, o7 7 st S 7Hd et
5710 Ao ZHE Ak Aol 71y E
AZAw) mEo) Mo An|7|zh, Al T7], AF71E 5 78
setvE g telA = JH s AulA
Fozi dd3 FAR S F }%15}

2 47e A sHew -_r“é%_ﬁ} A2AA = A @
T8 o AnAHEEN Y AN, A AW 1F
31015101] el 71t = nggre] FAHA3YH o)

<283 An Bd £ %% HAEZ A3 A= 717
a “fé 74]2]?‘4‘519} G571 E A4 A 2F tojuy
S e SUREEIE E} S AT Ao M =

Y
_l::,
0
N
oft
-
_&
it
ol

A0 1:4

A3 A 23 2ol A B olH AP
A E AT AFHEL T8t AAHS
ueka} A9 GAE A A g

w3k AS

1%3}1 FF

N
re ox

2. 0] 2A w7

2.1 2R3 BE7HY A A

2 AT A& Choi ef al.(2021)9] A4 S48 HZ 10
A71(2010~2019'9) AR S AFAA(7 B, & 99)
& Az 1A HolE & B4 A5 E &85t HolH
1990t = H g4 HE] 20103 o] 5o =UAH FA71A
5] 91t} Choi et al.(2021)2 14 Elo]H & 454 ¢
o] 2311 dQ A2 &84T Moon and Choi(2020)
B & &&3to] T8 79 14%E <Figure 3>
=ot Tk 7FES S Y s AES S & 2
FeLEolt}, 12 A 997 24 AL 993
1Agro s/ Bt e 34 Bl
ghgro o, skl A2 R HA & &8t
JR e Fele FAY dTolA =98 AAH
A 0~5d 9 ot RS 2R ¥
. Choi et al.(2021)& ©] & dlo| & ¢} &AL 3}
of| A a3t Aol of g d| o] Ef 5t X 3}E]
205 F YA 2ALZRE HAA ]
Aol gt o E & 249 &folH, A+
5t 17} B7hstey mebA, gl ol B o= 24 4 kAt
El7} 2350 9lA Ik &, s 3 2 E
O 7 9l 2wtk 2k v abol whe) ahA} A W o) B}
31 Y TH(Choi et al., 2021).

t al.(2021)2 <Figure 3>3} 20|

N, N

(R

o

o OH,

_|_,

2k

41 & iy = -y
o
l-'l'(
e
ol
R oN

FE o )
o ol oF,
[

o
Mo

lrﬁ:lo o

O*oir‘ﬂ EQL

rr PE >

k)

oo

z yo 1o N %
=,
o

K=
g

OHE'J}EIFH_‘ -

> oot 2 ¢ opr
2 o & g

—|—‘l:1°“r

Blorfo o 1ot © 32 & o oX HU S oo & orlr o M orlr v rE
o
il
)

Choi e FAHE 143

rﬂ
mlm
]

Scaled failure ratio

15
Age(year)

20 25 30

Figure 3. Failure Function of Naval Battleships
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Figure 5. Queuing System in Naval Maintenance
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Table 3. Simulation Result Statistics

Maintenance . Total Maintenance rate
maintenance count Total Mean Std.
No.l 62 2,945 4751 18.51
No.2 62 2,973 47.95 17.31
No.3 62 2,972 47.93 17.35
PFM No.4 62 2,942 47.46 17.76
No.5 62 2,931 47.27 18.58
No.6 63 2,988 47.44 19.55
Total mean 62.16 2,959 47.59 18.18
No.1 56 2,978 53.19 3.64
No.2 55 2,940 53.46 4.65
No.3 55 2,944 53.52 3.86
PBM No.4 55 2,967 53.94 4.87
No.5 56 2,957 52.80 3.89
No.6 56 2977 53.16 3.64
Total mean 55.50 2,961 53.35 4.09
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) Total Delayed weeks Max
Maintenance :
delayed count Total Mean Max failure rate
No.1 - 106.53
No.2 - 104.49
No.3 - 102.97
PFM No.4 - 101.44
No.5 - 99.4
No.6 - 111.11
Total mean 0 0 0 0 -
No.1 15 39 2.60 6 65.74
No.2 18 44 2.44 8 70.46
No.3 9 23 2.56 5 65.27
PBM No.4 19 57 3.00 7 68.99
No.5 12 33 2.75 6 70.02
No.6 15 35 2.33 5 64.15
Total mean 14.67 38.5 2.62 - -
Table 5. Comparison of Period between Maintenance
Maintenance P-eriod between maintenance
Mean Min Max Std.
PFM 20 20 20 0
PBM 22.99 10 81 9.65
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Table 6. Comparison of Oprational Availability between Maintenance

Maintenance Total available week Total maintenance week Available rate

PFM 1,239.28 372.72 76.87%

PBM 1,279 333 79.34%
AN Ao Au el Yas s H Ao 2072 & &oto] A|2EA Ao A #EEgT A5E §E7|HE A
Aottt &7 ALART FAY FFAFE 229970 AN Y AHAFES T ARFA ARl FuAEE S8
U r A n g ol wheba AHl o] Qe 40l Ha 10 itk
Foll A A 8157 Wi EqrAst &Y A AT E ATFE Y FAAE AL Gl T AT E
AR 2F AR REHAE 9.65F 0l ol GEVNHE 3 Hebol Basith AA, A 13 /M 71EE A 1
AZgu 5 3317 HB}W AuAE Y AY Auldd ) FEos Srfiete] A ARES Ao T AA AL
YA 5 GRS 273 AN B BFANL F ZHe W ) FE L 56 AR sttt 24, v A
A Vs YFS MRt Hl = Al 2 02 R Au], o Aw], A4, AFHHE &

7H5 & (Available rate)o] & 9] F &zt ot A FHETE AR £4 EREE 13 At e op A
A 7Hg A ZH(Actual available hour)& WEEZ FAG Zojtt = FASIATE A I Gu| o WA E Frfsto] A 2EA AL
(FFAREE FAGO LA, 2014). A9 25EF710 7 & AST AEH AL T, AA A HH A Au A
TEZ (1) 2ol At = Yt < AAsted 289 7 e AoE dvEn. 4, AR

O FHolA BA o] BE3ict FE7NY AGAHH & FYA
x%mwkmmzéﬁgfmTMZWT () 1AFo] He 5uTrhe] Aol thy EAT A, Hu) R
perng ot o M5 §¢ 741 5 ook webA) Al o) B ol A 2

6714 % €84\ 7HTotal operating hour}& & AMAZE s AW MELH 2He BAVTY o7 AWAA &
EYE, 99 5N B9Ae $58%8 guan, A RO EAHIE FUAE D Aot o2 R AT
AR FFEATFS 2 LEATNA 2 AU AS AT A7 A FEVNE AGAH G 7] F(47.460)2 AHIFT S A
ot} H58& sty 7114 AGAH o] H AHFoR

<Table 6>& 5 A2 AH 7+ 344 /=52 wwdt Aok, ATk shAT B G| Augte] Al 273 o] AuF
Z L8NS 161270tk /1A AR e &4 7} = AR A4 s, P-Sytem} Q-Systemoll A F2hTHH 2
BEL 76.87%0) 1, ﬂ%ﬂﬂ&ﬁé AgAue 4 Hgee  ABHIFAVIES RS Tl AR AoEn.

79.34%°]t}. &%
2.47% %W% & AT é SE716Hg A8 A4gn7t 71731

5.4 &

B A7 SE7HE AR tis] A7 Choi et
al.(2021)«] AT o7y E & Fgate] Ao A go] ATk
AFAG @A} 2o gr|Pdo] T stE FFAME &
B8 AYAu Y FE5FL o2 Zo] AFsHTh A
A, 84 F ALAH FH3FE 6.663](10.71%) 728k T
oj= A AN d1HS 11.03% A7she G|t S/, AH
Fo| Has AuFu Y Q57 WA AAHT Al EY oA
S 53A SEZWEY AGAH A Aol B2TE o 440 G
ob & FstAtt AA, AGAH 2t FHFA TR F7HEel
w2l 84 7Hs & 2.47% EoH T
B A3E g3 2 A S AFdd A
PP} o] AA 7|9 T4 PE & A2

7gul o7

) tholue) 2xof 4

Cho, S. H., and Yoon, B. K. (2019), An Analysis on the Operation
Level of the Dry Dock for Warship Maintenance Using Priority
Queue, Korean Management Science Review, 36(1), 37-49.

Choi, J. W., Moon, H. J., and Cho, W. Y. (2020), A Study on the
Optimization of Planned Miantenance Intervals Considering the
Life Cycle Failure Function, Korean Journal of Logistics, 28(6),
57-70.

Choi, J. W., Moon, S. A., and Cho, W. Y. (2021), A Study on the
Probability-Based Planned Maintenance Effectiveness of Naval
Combat Ships, Journal of the Korean Institute of Industrial
Engineers, 47(2), 190-198.

Coyle, R. G., and Gardiner, P. A. (1991), A System Dynamics Model
of Submarine Operations and Maintenance Schedules, The Journal
of the Operational Research Society, 42(6), 453-462.

Fang, L., and Zhaodong, H. (2015), System Dynamics Based Simulation
Approach on Corrective Maintenance Cost of Aviation Equipments,
Procedia Engineering, 99, 150-155.

Joint Publication 10-2. (2014). Joint - Combined Operations Military
Terminology Dictionary, ROK Joint Chiefs of Staff.

Kim, S. W., and Yoon, B. K. (2015), A Study on the Optimal Allocation



116 Jeongseo Park + Seongam Moon -

of Maintenance Personnel in the Naval Ship Maintenance System,
Journal of the Korea Academia-Industrial Cooperation Society,
16(3), 1853-1862.

Ko, J. W,, Kim, G. G., and Yun, B. K. (2013), A Study on the Optimal
Appointment Scheduling for the Ship Maintenance with Queueing
System with Scheduled Arrivals, Journal of the Korean Operations
Research and Management Science Society, 38(3), 13-22.

Lee, H. W.(2006), Queue theory: Probabilistic Process Analysis
(3Ed). Sigma Press. Seoul.

Lee, S. J. (2019), Military Logistics, Hankyungsa. Seoul.

Linnéusson, G., Ng, A. H. C., and Aslam, T.(2018), Quantitative
Analysis of a Conceptual System Dynamics Maintenance
Performance Model Using Multi-objective Optimisation, Journal of
Simulation, 12(2), 171-189.

Mcdevitt, M. E., Zabarouskas, M. W., and Crook, J. C.(2005),
Workflow Ship Repair, Journal of Simulation, Military Operations
Research, 10(3), 25-43.

Moon, H. J., and Choi, J. W.(2020), Hierarchical Spline for Time
Series Forecasting: An Application to Naval Ship Engine Failure
rate, Applied Al Letters.

0Ok, K. C., Cho, S.J.,, Jeon, J. H., Yang, J. Y., and Cho, Y. C. (2014), A
Study on an Efficient Size Dry Docks for Warship Maintenance
using Queueing Problem, Journal of Korean Institute of Industrial
Engineers, 40(4), 428-434.

ROKN Regulation No. 2351.(2018), Navy Ship Maintenance Re-
gulations, ROKN headquarters.

Jinwoo Choi

Sterman, J. D. (2000), Business Dynamics, McGraw-Hill, New York.

A 220

A Axthekal 74 G skol A 92'd SFAY, 941 A AL 991 Bt
A E A5 T @A a8t a g aesty ur g
A2 Foln, FRFAA T & LAY A, T8 A A
T4, ZA2E 2 85 g AL es) R34S At
ATh A F-EoF= Behavior Operation Management, Supply Chain

Management©] T},

719 AR S L 2 Ao A1 2009\ o] SFAL, AFERAL 11
23120199 b3 2uhahe) st MALERY 2 H S vt
At ol A} Fo|th, A-E-ok= Failure function, Bayesian sta-
tistics©] T}



	고장확률 기반 계획정비 대기행렬 시뮬레이션: 해군 전투함정을 중심으로
	1. 서론
	2. 이론적 배경
	3. 계획정비 모델 구축
	4. 결과 분석
	5. 결론
	참고문헌


