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SNA-based Trend Analysis of Naval Ship Maintenance

Jung-Min Yoo*, Soung-woong Yoon®, Sang-Hoon Lee*

Abstract

Naval ship maintenance generally produces various issues for effective maintenance methods and

procedures, because

they have been composed by numerous

modules and systems, and

manual-oriented maintenance needed well-trained technicians who always busy to do many other

works. In this paper, we adapt SNA scheme to the service procedure and trends of ROK naval ships'

equipments. Various SNA algorithms are deployed which show lots of operating options, and we show

analysis results that have enough potential improvement points for the maintainers.

» Keyword: SNA, AHP, Centrality, Cohesion, Cosine Similarity, K-Means Clustering
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[I. Preliminaries

1. Naval maintenance system
gt g2 v gE A wEl B < 23] Z
PAR7IREE AHE A% FE7IRe R Foueri4]. e
Lfsld, s2AES et Aol AstEAT
=71 sl o) Auldel 8] oJ=E &bl Ak
MM AFeFRel, B Ay FIIAAZE gAE &
7 A A0l wgk Zhzke] | AAl FA] o] TR FAE
FAolt}. webx] 54 F7IAA e o] tis

X

Rl lo

o] A% =3

el BB weke W, R gk g QA dE
USSRk, 71t oA nejste] QY TAHE S
dal $8 Aulwe A@al A
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2. Related works

2.1 SNA(Social Network Analysis)

EAQG 9] HHS 7HAE A7tolt ko] Hihe A4
H]E%E(Soaal Network)g} 3t} SNAE A4 VEY 9]
z T Yoo 54S wESL LEE gle] Wl i A
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Fig. 1. Representation of socio-matrix and sociogram

2.2 AHP(Analytic Hierarchy Process)
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AAE Asom FaetAy T2k As o8t AHP
= WHER Auhlas sk, RE YekES Adsteta,

O FRIIFIOEHN JAEAA aAE
H’é‘@ A tigk o]s o] =5 Algshe
3 o Qlo] A& AAujt, ZEalx, o
Z 59 ol & gl A& o] $hrH101.

AHPO] A&-2 B3g oA Ao 23, =
zsfol| A AlRRgkTE AT 2] W 95 AAARD 5k @
Astar, W olEFell= JAHAA EHO} BEE ’:ﬂ":’.“\}a*
gtk o] F AF Atele] Fitell=
71&E0°] $1X3H9-10].

Aol FAEE, JE7FeddA F71dE 1 Juld $8%
o] A HlwE £7] g g P} A5 3 Bt
FEE 7 A s ge] dojA i i TRHEHS
o 7}EAE EEH11]. B3 Ao aedel ojs) 43
A]4=(C.I : Consistency index)& 4ksto] 2|47} E£4] &2
Bk o2 0.1 o) Aivlag AR ESHA fTHIL.

2.3 Data Mining on Logistics of National Defense
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[1l. The Proposed Scheme

1. Study design

B AT Sl ARG AR 1A F U] B2Y
(MTU 20V 956) 2371 /W A& AE= ato, 242 7j Aol ojgh
7gH] A4 HloJg] 13682712 RISt o]gA 54 vlo[EE
olg3t] ZF 61709 39 TFS —Zr%f‘?bi omn, 37H 011{4
6171 3k TEES oldsto] UESA ©
AHP(Analytic Hierarchy Process) 7]
2] Aol Rt B4 reAE %’3}04 #8313l



SNA-based Trend Analysis of Naval Ship Maintenance 167

2. Network configuration
2.1 Node data

HEAAE A =252 A
AAE7E Baxe= B97F i, A FAAE
°] o2 A= 3

w7t A4E YEYIE 1-mode networkz} 3L,

=
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2.2 Weight and link data

A 2+ /A, Z FALink)oll ek #2418 3= SNAGA
P 2 7R AALe 2 = 7Y B A= R
o] Au) S wrk el stetab] 98 FEAE A g
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Table 1. Types of maintenance

Types

Definition

Inspection

Checking the status of equipment and component,
Commissioning for defect identification, etc.

Restoration

Reinstallation of circuit systems,
maintenance of software related systems,
replacement of consumableitems, etc.

Replacement

Replacement of durable items such as
new or used parts of components or repair parts

w5 Q)7 ArkE o SRS BAE ALY A
B9 ARZAE AFo] BrhssTh Tt 249 FBA
A SNE DA A AP RS LS A 20

Fow Z A3AE 22 & Ao o)
Tol AV ARA A RAE T A Folt), Lopaz 3

91 Z2jo] Lo} Qlov, 1 F #4 oy mee gujss v
= A
=

Importance

[ \ |
| Completeness | | Time | | Cost |

of,

ol

| Inspection | | Restoration | | Replacementl

Fig. 2. Structuring the hierarchy

<™ 2> & ATl oA AHP AT FEE AR
Aot ATl T4z Falaat sk 7, § AvT s
=7k fIAESl L Haksall= i ol 37HA Aul FH7)
]

Table 2. Comparison element

element Definition
Equipment status after maintenance, overall
condition such as durability and performance
Comprehensive time require to maintenance,
total removal, assembling, commissioning, etc.
Comprehensive cost to perform maintenance,
labor costs, materials costs, etc.

Completeness

Time

Cost

FHE A T2E vgon PuEA U 2AE Fa

WAL PR B vl
PIET o= Sol, ALHAE AZAARG 15 F
stk slvlol], A7 Ee] BAL AFEE Fako

A1 : Inspection, A2 : Restoration, A3 : Replacement

C1 : Completeness C2 : Time
A1 A2 A3 A1 A2 A3
Al 1 1/5 17 Al 1 7 4
A2 5 1 1/4 A2 1/7 1 1/6
A3 7 4 1 A3 1/4 6 1
C3 : Cost A : Comparison Element
Al A2 A3 ICompleteness| Time Cost
Al 1 3 7 Completeness| 1 6 6
A2 1/3 1 6 Time 1/6 1 1
A3 17 1/6 1 Cost 1/6 1 1

Fig. 3. Pair comparison matrix
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919} ol g3 gdimla g Hel thsl HEell o3k A
A 5 e QeSS <ad 453 ge ARE fE
g lom, 2.2.27400 M gk wiel o] A ATt B
T 0.1 olafolme AT 4 Yt 22 peiol.

C1: Completeness = (0.0692, 0.2437, 0.6871), Apq =3.1237, C.I.=0.0619

C2: Time = (0.6795, 0.0644, 0.2561), Apgy =3.1711, C.I. =0.0855
C3: Cost = (0.6406, 0.2926, 0.0668), Aq, =3.0999, C.I. =0.0500
Comparison element = (0.7500, 0.1250, 0.1250), gy = 3.0000, C.I. =0.0000

Fig. 4. Eigenvalue and eigenvector calculation results

<13] 4>°ﬂ \:HQH ‘41 -]gi zéﬂ] ze::/] 7]"6‘Z]‘§‘ %
W <§ 5>9h 2 ANRE 9 F )

A1. Inspection
0.7500 X 0.0692 + 0.1250 X 0.6795 + 0.1250 X 0.6406 = 0.2169

A2. Restoration
0.7500 X 0.2437 + 0.1250 X 0.0644 + 0.1250 X 0.2926 = 0.2274

A3. Replacement
0.7500 X 0.6871 + 0.1250 X 0.2561 + 0.1250 X 0.0668 = 0.5557

Fig. 5. Final importance of comparative elements
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3. Core components extraction
= A HEYTY o= =t %—36&7}% BESEN)
=, SNAC] glo] e 2hol= i 5 shubolth18]. & <ol
M e o FAERE F Y FAEAES —?%3}71 Skl
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4. Ranking of engine by maintenance score
Mzl An| 9] W7k Hx 7AE HIESFS] A7l weEo)
3 =t Ad = (degree) M3, 3.37elA A3 A A

A =

So g3 JEYIS EH= —ir%‘i % o]q o3k degree H] 3L,

centrality = 01%‘5& M= TAA &9 vlal A = Fdgith
dn)h= iaﬂﬁ}i o AARAE degreer 1 == A
A€ B3 55 oujgity. $YsHA, 1 wuot AAE w9
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5. Similarity network creation analysis

5.1 Creation of similarity network

2-mode network Ho]E]9] %48 o]&35lo] FAIE I
AZE AAkskal ©]E 1-mode network H|o|E| 2 ¥ 35}
Ash= HPH-E SNAS i Ql A 5 sfutoltH20]

Shae(y

FALE Aol og] 74 g gel AAEe] g, 2
Aol thEA el Wk el AR fAREE o] 7%
ATH21]. FAR] fAbet obele} o] EAT 4 UrH22],

_ 5oz

N L
I

5, FAR] fAEE 7 HEY YA dd R oR
UiE gho® Zold 4 Qi) o]& 1 Aol A&3Ahd, WA
MR-FAF F ARAR MEAE o83t 72k HFE
gk dixle] Wy E FEeth

Gn = (N;, N, N3, -+ Np)

i 61F0| B2 61449
MEES TAR) A,

ATt

2 7ol e TAEe EF
A7 et E, 498 A
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/ G G2 Gs
Gy - Oci.62 | 01,63
Go 062,61 - 062,63
Gs Ocs.at | 063,62 -

Fig. 6. Cosine similarity socio—Matrix
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H)Agke] Aol kel FALEE WA R sk,
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5.2 Analysis of cohesion structure
AR w729 fAbE YESTE 7} e
£ RE T YEHE dilslez, Aoz
RE wmd d4d guE 2evh 5
Node Alolol % Link7} A4 A Hck

2 AgolA glstarzt sk vk oju gk <Rl m=
ARl gk Wigolmw flellA AEd FARETF B
Links 18 "do7) ¢l

AR fAbeE Hz 0, A 19) g 2
AE 90% o FrAF Linkthg ©7]aL o] 9 ¥4
%% Link ThresholdZ zséi atalom, ol& &

= el thef

U‘: 1_1:7], E]———

FARETE of v

d 5AE YEhlls MESAE F58  lnh
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QF ol AtEof woelH], T Wk vreslr6]. oW <
TollME AU R TS AR ARYER O
w W 87 2% FaEY 8RS 2id =050 A%

olw, 1§ vl wEsjP FEhA @Ase] da F 9 e
€ S S S FoI23). R i) e

€t

Al A A= ATk 23]. ©
Modularity & =tglsl= &
Modularity® Clustering® ] Ao} & HYEAS A=
Am=ZA gt 19 75 2 Clusterghs onjoj,
F2 0.3013d o FoIm gk Clusterzt & 4= lvH24]. o]+=
ofgfe} 2ol “AA| 1§ Wl FAF" - U UEHTAA 7]
Ee 25 W H3 7Y 9u)E zte Ao el 4 9
B, Az RE P27} 2ol wmse A ARse] 9as shi
A Z7}shAA Modularity?} 718 AAE 725 &5 Zlo] &

ne)Ze] Waolr24],

%% AHggeH 241,

J—«\__

m : number of links
k, : degree of node v
8(i,7) = 1,if i=j,
0 otherwise
A, 11, v ware connected
0, otherwise

kk
0= Yl ~ 2]d(g, c,)

2m 2m

5.3 Ego-Network extraction of engine
2. 180l A A53gh whe} o] st AuAITHS:
3 AR (M/F) ek o 29 | E &85l olgg
B, FF A 298 A BHOE AR UESTS]
Ego-NetworkE 0|8 4= 9l
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T1EThE ole|gh AR E e go—Network
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ATh= Aol
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6. Engine clustering and profiling

A 35.280MAM = IF AuAEge] FAIRE o]83to] &
AF2E sk WHS Xﬂ’\]o}oﬂu} olg} =F tE/
K-means clusterings ©]-&3hd #9] A%(System)H =

AL FHBAE 5= 9}

ol ol ARgSHE FE F 615 YR AeHE
R 4 gl & W A5EEe 5T, $E5E
T REAE ToE BRE 4 o ogA BRe A7 F
107) ASS 4& 5 Ay

BEFE A%S olgst] “dF-A% WEYJAS AT
Zb Az Al digk AuEEgs HAaR 98 5 g, ]
YA 3 T XY BE ga9] Fog vrol U e
Azl A & AlFol AA k= AunlES 4 4 Tk

K-means ¢alg]5e /A9 $4& o] &3dte] IHsleh=
3491 darelFelet,

N,

W %7] kgtel A3AL 1
Haslshe WAooz FAe[25].
ARl A S AlFe] sk AuHlE
|2 K-Means Clusteringdt®d 3.5.2404 AAE SH+%
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V. Analysis Results

1. Result of core components extraction
AN-TAHE YEYIS o]_Q_
0.1 o]’3e] 91 2070 3%

3}04 Eigenvector Centrality
=3 A= <E >3 2}
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Table 3. Core components

Rank | Comp' Centrality Rank | Comp' Centrality
1 N51 0.3152 11 N34 0.1963
2 N12 0.3119 12 N11 0.1726
3 N2 0.3021 13 N24 0.1662
4 N7 0.2998 14 N16 0.1612
5 N13 0.2825 15 N33 0.1455
6 N1 0.2605 16 N29 0.1418
7 N9 0.2320 17 N27 0.1280
8 N15 0.2311 18 N5 0.1219
9 N6 0.2213 19 N3 0.1197
10 N52 0.1987 20 N31 0.1107

FAA F2)= N;po] 0.35128 7P A Yebar, Nyg7h
0.0027= 7H GHAl veRsth 3t $44 A= 0.0864%1
o AA FAA ] T 5.2746, o)F <E 3>9] A9 2070
TAE FAA FAE 4119002 AA|Y] 78%E 2HA|et=

2. Comparison of engines by maintenance score

<G 4> 3.440lA AAIG uhe} o] <Xl =gl s
AR E vk Aot} AlY YFRE AA FAFl o
gt AAX 9] HSum of degree), 4.140l| A FE3 &
AEEC digh AAAES] F, np o R dFl =g g

Eigenvector CentralityS <=¢= vd33ich

Table 4. Maintenance ranking of engines

Rank Basic By core components Eigenvector
Node | Score |Node| Obtain | R.time | Score | Node | Score

1 G10 | 294.8 | G10 | 2000 9,508 |208.5| G10 |0.2974
2 G7 257.9 G7 1998 | 11,603 | 197.6| G15 |0.2722
3 G156 242 G15 | 2003 | 13,774 |193.7| G7 |0.2683
4 G12 236.3 | G12 | 2000 8,721 |178.5| G3 |0.2542
5 G3 230 G3 2004 9,314 |177.9| G12 |0.2528
6 G14 218.8 | G17 | 2004 | 10,662 |172.1| G17 |0.2441
7 G5 213.1 G5 1998 9,090 |169.8| G14 |0.2387
8 G17 | 211.4 | G21 | 2006 | 10,239 |166.5| G5 |0.2354
9 G18 | 210.1 | G14 | 2003 | 10,813 |166.1| G18 |0.2343
10 | G23 | 203.4 | G18 | 2004 | 12,032 |162.8| G21 |0.2233
11 G19 | 2021 G4 1999 6,115 |161.8| G9 |0.2230
12 G21 201.7 | G23 | 2008 | 11,222 |159.0| G23 |0.2182
13 G4 200 G9 2007 6,913 | 158.3| G19 |0.2159
14 G9 192.9 | G13 | 2007 3,874 |153.4| G4 |0.2138
15 G8 188.5 G8 2005 [ 10,982 |152.2| G13 |0.2087
16 | G13 | 187.6 | G19 | 2008 | 12,570 | 150.5| G8 |0.2034
17 G6 171.8 G6 1999 | 10,847 |139.6| G6 |0.1916
18 G22 152.5 | G22 | 2006 9,117 |125.5| G22 [0.1713
19 G2 134.5 G2 2005 5,686 | 98.4 G2 [0.1402
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3. Analysis result of engine cohesion structure
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Fig. 7. Similarity network
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4. Result of ego—network extraction
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Table 5. Ego—network of engine node

Rank| G2 G3 G4 G5 G6 G7 G8 G9
1 G4 G5 G6 | G21 G4 G8 G7 G5
2 G18 | G9 | G18 | G9 | G18 | G15 | G6 G3
3 G5 | G18 | G2 G3 | G14 | G10 G21
4 G14 | G22 | G17 | G23 | G17 | G5 G23
5 G9 | G21 | G21 | G10 | G7 | G183 G13
6 G10 | G17 | G14 | G7 | G156 | G12 G22
7 G19 | G6 | G12 | G13 | G3 | G21 G15
8 G156 | G283 | G3 | G22 | G8 G6 G18
9 G12 | G283 | G12 | G22 | G3 G19
10 G7 | G15 | G156 | G10 | G4 G17
11 G15 | G7 | G19 | G5 G12
12 G4 G18 | G9 G14
13 G13 G2 | G12 G6
14 G6 G2
15 G17

5. Result of engine clustering
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Table 6. Component system
Hydlr— Inhal— Power Fresh Air Lupri— Sea Fuel |Gircuit Exha—

aulic | ation water cation | water ust

N1 N2 N4 N5 N7 N8 | N10 | N12 | N13 | N16
N3 | N23 | N22 | N6 | N14 N9 | N11 | N29 | N34 | N24
N27 | N15 | N19 | N18 | N20 | N31 | N45
N28 | N17 | N21 | N32 | N25 | N37 | N56
N30 | N26 | N33 | N44 | N35 | N39 | N57
N38 | N41 | N36 | N50 | N51 | N43 | N58

N40 | N42 | N53 N52 | N46 | N59

N47 | N48 | N60 N54

N55 | N49

N61

@A LRE AL olgdtel AA-AF I} MENLE

A ool Y=L vlolel] AFE RE W EE <13
9>3} o] Lheksie). B4k FI1AF Wgol 15% o Fom
M w9 M e MEEE o 6~79F AXs At
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Fig. 11. K-Means clustering result
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Table 7. Clustering result

Cluster Exhaust | Lubrication|Fresh water| Hydraulic Fuel
Sea water Air Inhalation Circuit Power
’ 0.03 0.049 0.251 0.065 0.14
0.147 0.141 0.057 0.086 0.034
o 0.099 0.055 0.161 0.088 0.115
0.121 0.132 0.049 0.101 0.08
3 0.046 0.071 0.163 0.078 0.147
0.144 0.095 0.069 0.109 0.077
4 0.064 0.073 0.143 0.055 0.112
0.199 0.121 0.068 0.102 0.063
9] A3 By olgsly] JE= <FE 8>3 o] yEhd
Atk olEA vERd e X H ok Al oA e o] &
olgl, vt 1% o7k W g FEe ojrjlAE vehic
al zsl— o)\q_

Table 8. Details of clusters

No Engine Color High Low
) e (Fig.9) | percentage percentage
y G2, 19 Red Fresh yvater, Exhagst,l Lubrication,
Air Circuit, Power
2> |G4, 6,7, 8 13| Yellow | EXnaust Sea water,
Hydraulic Inhalation
G5, 9, 10, 12 Fuel, .
3 G21, 23 Green | circuit Alr
4 G3, 14, 15, Blue Lubrication, Fresh water
G17, 18, 22 Sea water Hydraulic, Fuel

V. Conclusion and Future Works
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