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Abstract
P2 3130l HHAS SIS I SZH0| Y

YH|E ZH[ok= AZYHIA =(PMS)E ¢°ct%0|'1f-
PMSE o= Q0 AIZHSAN2 S22 S0
U2t CH2Ct. HH|S=2 Y| ZHo(L 7Helol 3o
L2t 240[ 7 2E 4= UL, Sl o | HAO 2 420

U LIS 2= QUCE 2 A0 A= PMSS| AA| ZH|
2QAZHS ZAISHH Rl PMS2| 241 H S &5t
gudes AT

The Navy is operating a planned maintenance system
(PMS). This is a system in which the crew directly maintains
the equipment to maintain the ship's performance. The
time required to perform the PMS depends on the crew's
capabilities. Maintenance capacity may vary depending
on maintenance experience or individual capabilities, and
the Navy’s education system make difference to
maintenance capabilities. In this study, actual
maintenance time was investigated. It draws out the
problems of the current PMS and suggests the direction of
development.

AZHH|AH| = (Planned Maintenance System),
&S24 (Experience),
|52 (Maintenance Capability),

H|O| Rt 2 (Bayesian Estimation)
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2 “UAHE O 1BA], SAF 2T 9] 2B A" 2 P A 0 & A =] of Sl
AP 2 8B A= AFEE FEH o= AFEE Aul7d o] {4
st7] wioltt. 2y gul s 8-S AR ot A2 =EHor Be
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A1) A7t B3t ThE AHuE e = ook a8y |
PMSOJA] F-2 0.55 A1 &-85to] th2 s
i o]i= 9] i4fo] Hrk. 9] 317 I3h= 8Al7tol ).
%, 7730l wet PMS= Y o 84|12 =8 7155t
PMS AT+ HEA A (F45F FEAA) ol J= sfiof o}
U, 8A|7to] Z3tske AHIE Astd HEA A4 o
Aol Hrt.

QU FAH o7 7|2 0SS FIAAYE T}

2 08 FHS THA AU D
dolut T GA| TFAp) 2 HE G| w8 7] = 5,
LEHYE AE U5 o]8oto] AT 4 U= Al4H
S 7821 9ot wpehA] & Al o] S Y2 A of H] 5] 7]
2291 ] 52 o] Hold 7Fs/do] Ut} thA| Tohd 7
H| X[ H o] x| of| 7Y H FA = AA B Q9H-FA|ETE 2
T =0l &= ULk

E oA AR E PMSE 36 HAL A 2
27} o] 5L A5t A A SRYS Aoz A
E& Yottt PMS FE-S A A otal AA| AH] S840

27 ) 5 2A AT AR lo]E2 Hol A2l
£ o], B45}0o] PMSQ] AA| AH| FAE EE&519TH

dE2 0005 0009 & &4 33 A LS
A7 e 529 1982 HFC= HASIAH. A& o
gA2] AR Table 13} L.

Table 1. Survey target

5-10 10-15 15-20 20 OfA

A2 20219 28 159 ~ 29 24 A7HA] 104 7H A A =]
At AEAol= PMS AH| A 0] 2] A7} 37 =

ZEO] Atk JHEAES AR A - H oA S HAL 5
G H] o] A AR EH = AR A S AR
/S PMSE 8] 57| of| mh} 5742] F5(weekly, mon-
thly, quarterly, semi-annually, requirement)= A| A| 5}
At Weekly(Wd) ol s 3oh= @52 il 5= 13] o] A
Alfof st FEolth. e Rt o B g S99 4
H] &SH L7 52 PEolgtal & 4 Utk Semi-annually
(s1)°ll g oh= B2 Bhdof| 18] o] 4 =85k o]
o P RT E glo B e SR Yo mEh A
H] SO Ao 7 AT = Qe FEoletal & = A
Monthly(MZA) 2} quarterly (QZ) = 2+ €, £7]0] sl
ok GHFE0 2 weekly?l s7A9] S Ao B2
A A3}, Requirement(R7) -2 1] 2H5-/d<go] wt
e} 98] Z717h v B R BT RAY F71 oF

47fEol.

PMS+= 5A] 7]5E0] B T2 22 4| o= &+
Stal g H] ol of wet AH] Qlede] thaal, gH] AlHE
oA = o] Atk 2 AFtolM = Fulo 2att A
of "= s L, 8| ARMEE ALefskRln
PMS 518 HE -SH 2= Table 29 2t S5 2¥h=
HlE& SAIE 28I A& E°f, Wil diet S8

0.22ta Yo 0.4(SHEH/7IEEA =0.2/0.5)7H
o v & SA] A-8A FF A 2ol E8HA b2 THE PMS

o) £RFAS2HT 5 U

Table 2. Results for survey

7|&=SAl thEl BlE

w 0.5333 0.2422 0.8154 0.2882
M 0.3778 0.3692 0.8500 0.2901

Q 0.6095 0.4271 0.4998 0.1926

S 0.7857 0.3231 0.8333 0.2887

R 0.6220 0.3233 1.1666 0.2357

A 0.6665 0.2933 0.8188 0.2400
AEATRAS A 27t 2E A v] 52 A A Az
3 % J
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£ A7olA: pMs SGATH AAAF olE T
#at u] 28 AKHS £E317] 919 PMS G HAL
5k kslek. 5744 PMs 9 0] Bt BARS &
Aol Z83t9ick. PMs g Ae] Baa Bae 212
0.6665, 0.29330]c}. oli= Hu| Aol A|o] FHE F
A19] °F 66.65 % AITEO.R S S Y 4= ek

oJm|7} gt ojuff 48 FA|Y He| HEATe] HARI
37.32 % - 95.98 %7} Et}h. A9 AlFA7} vielE PMS H
T &8 ATES A B[R] R o] A] 114 F-A] 2] °F 81.88 %]
11, H=57.88 % - 105.88 %At A Al G A= PMSE
Y5t sl AlgAtel] vls 3-A17F ol A H A
k= 73] AT

3. A4 PMS A8 T A 4
3.1 PMS 5\__3%/\] By =X

ZJH] 2 QA2 ARH] ]ISt A REo|Be a9
SEZ A4t v, 2tols F2F A5k, MLE(max-
imum likelihood estimate) 7 WO 2 2% ExE
&5t MLEE SE-5A%F (sufficient statistics)=
718k0 & 9 (likelihood) & E&3}1L, Hlo|€ & 71 &
AYohs B4E EE5RtH1]. =527 PMS 9 Ale2
AR E (o = 5.17, 6 = 0.12), FHAFS AFEEL(u =
0.82, 0 = 0.23)0l|4] AH] 2 A7HS 7P & Yy Qict.
Fig 1> MLE 4] 4] 28 A|7be] 23:0]c}.
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Fig. 1. Distribution of required PMS time ratio
Fig. 19] Sha}A) 41,2 439] A4} whek pus o)

A QARF I8, 34 AL PMS 4 S AR
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5 7)o} 5 AR50 BEE A2 Aol gk £
o Zfo] 7} WAyaHE o] i Sl W& A2 e
U5 P45 of 8 714 ol 97 e % e

o fr =4
o H o ooX

3.2 oAt 2E =

FEEE TSR Y| f3 2 Aol = Hlol
At SAE L& HlolAt 2= 247 B

O AP HE APHEZ (prior) of| AM-EAI 8FG S 4= QL
C}. o] & Hlo|Eof] Btg o 2 M {2 u|gt AR (pos-
terion) & =& 4= JTH2]. Fig. 19] AYAIZ A (upper
class) ®3E= APAR L] SiFete). A1 AE A= IA
G PMSE A SFAA L, T Sl A5l sigeit. o
A A9 AlEARe] F32+= Sld PMS A& Q A7) et A
ol w71 ol D = ok = A AP R 2=
Al F A (corresponding class) 2] E3Eo|tt. sfFAF
o] B2 = AR 2 PMS HH] 840] ARLE]= A7t of
St E3zolrh. F APAR | 7HSA| & Hhdsto] ekl &
BE Aot AR 27t "ok 7 A= Aw Qe HE
& A4St AR A9 ASAY] 8=
347)j0] 1L, g AFAR] S Eg==F 527l 0|t} wEhA A
R APdZ220] 60.47(52/86), F A APIZ2E0] 39.53
(34/86) 9] 715X E FoJ5lAtt. S =g (likelihood) =
to]el o] R 7} Hrt. A7 g2 F 277l 0|tk AP E
2O Ky A3 7 Ao A gHe ST
“(likelihood) 2 #-&5}0] PMS A QA|7H] AISE XS
L5 4 e Hol X[t Bl L5 of = SA| A 0] Stans
AR5 E}. Stan HMC(Hamiltonian Monte Carlo) 2k
£ MCMC(Monte Carlo Markov Chain) @1 &&& AR
3ttt HMC= MH(Metropolis-Hastings) & ARgol= &
"2 Q1 MCMCol H]3l} 32 77173 (robust)& 7HA ™, 4=

2
8

H<& I (convergence) 7} HFETH= 23 o] QIThH3]. 9 W&
= Ho] A QF HEl A (4] (1)) o= 53513l

Corresponding — Gamma (5.1716,0.1288)

Upper — Normal (0.8188,0.2400)

Maintenance time = 0.6047 « Corresponding (1)
+0.3953 x Upper

Y — Normal (Maintenance time, std)

2] (1)°| 4] ‘Corresponding’2 el AlFAFe] £, ‘Upper’
= A9 AR o]t ‘Maintenance time’ 2 & &

277k FHiE RO ARRERolth AR EEE
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], o] gro] 44| 4 gl Hlo| e} ] mEjo] w7t 34
9}, stan 0.8 2 E 4] (1) & 771 0] Python O,

2 T35t 2HE =S5
3.3 2324

StanO & T H 4] (1)& T2 7Y 91o] PythonO &
TF@ste] 2HE =S Fig. 2= REO| +HEATE
(divergence) A3}o]t}. HMC A1 8702 A0

o, A|7H& 0 & S5}l 9122 & 4= ik
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(b) HMC chains divergence of upper_class
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Fig. 2. Divergence test by parameter

| Fg39 2 g ry el A8
FRES 2401 B0 ALgEl: 910) 338 4
(random sampling) 2] £ 5|3t} ‘Maintenance_
Time'= 4] (1) 8] F APAEEY] 7H5E9] BxolH, A
EX7} Eoh ohA| ot PMS S AT 48 A7 Bl
TR AE Ol v = 4  AIZHO] B0l 7HS A1 & F

e rlo

stof g5t Avprt Hct. Mok o2 Aux]|ZH|o|=] 9] 7]
Z3A 9] 74 % HE O X702 S PMSE S35 = QL
THe o) 7k e} 94 % A1 E]H17H2 65 % - 83 %0|tt. o]
S2UY] 94 %7} Sl 7o &3tths o)7L FHk. Ayt

2 Q1 H|o] |t FA w4 g2 APARILT} Eﬂ EERS
of] el X]+=(shrinkage) FJo] 2 & ARG EILO] AlF]

S YHINZ(PMS)Q| A2FA| XEJ0f| &5t 5

mean =0.68

o

s
/ \

0.42 0.96
__/
0.20 0.40 0.60 0.80 1.00 1.20
(a) Posterior of corresponding_class
/\\
mean = 0.82

/ 94 % HDI \\

0.46 1.20
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mean = 0 74

/94%HD\
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Fig. 3. Posteriors

T A AR R E T F0 2 R AR R
AREZS] AFFES F2o1 = Bkl M9 A
AzA FHIL D 5 Uk ole SE2EES AHlsE Aol
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B3 52U S Y3jo| 718 %Ets AL 2 2joly
opehar st Al #3te] B FobAIA] Fshe o]
A3t 4= 9Jr}. Ant

Jzi :lo+

= A& HolH o 25 g7
E = A5 8] (Central Limit

I FE7} = AR AolR] = 4
o] Qltt. & A9 At Tlo]E =197 sfidsh= gk
2 U 22 Holoh. A ti4do] BobdaE AR 29
PO R AlF 7o HYFE A0 & Helt,
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A% PMs AE]A 312 B A= 2] sAgkol}
AR TS HHdsl oS ) B (0.74) 02 5%
of 10.814171] ok gulE et 2= ok A=k
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o] AR 2= 7 7]1EQ] 8AIZ ol el s
. 0= 94 % °]F2] S2Ho] 8470 UL FAIZ He
FepaL TSkl QThal sfA S = St
AZ AN @ PMSS| FA] 27gd it &
€ AT T2 7H 168 (84.2 %), YA H| 0] 2] <]
SAZE A=A FH A 7H 107 (50.6 %), SAl= A
SHA A AT 71 47 (211 %) 0101, A FA| = F-=5o}
TFE 27(10.5 %)l &3t 7|8t oA L2 PMS FA|
T A7 =ARL PMSE Bl g AT Wi gy ek
ool AN
PHle sl sigstal, Aol ske dolth
Oliva[4]= A2 &8l Aol 5= B> L4 U (sched-
ule pressure)©] 7oA o] F|off 25 %7}X] S} EER
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% Qlehs ol w9l 2 AT R DS PMs UA) 2
R4 B4 ok et Fulg 2o 4T A APEe] 1
= 2 7Rsstet. Hule] B4 AV 0.5 ShejA A
8] 717ko] %8 M5 o] k. ol I 7F5- 80l 4
A JFL 1| LE G AEolof & WAl 3
W T RAH 02 uhEA Sk FHl 0 HE F7HAY
S qlon e u] SEl A4 55 Aokt

22 529 PMS A 58 522 87K 9art
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