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[Abstract]

Navy submarines are developed into complex weapons systems with various equipment, which
directly leads to difficulties in submarine maintenance. In addition, the method of establishing a
maintenance plan for submarines is limited in efficient maintenance because it relies on statistical access
to the number of people, number of target ships, and consumption time. For efficient maintenance, it is
necessary to derive and maintain major maintenance factors based on an understanding of the target. In
this paper, the maintenance loads rate is defined as a key maintenance factor. the submarine
maintenance data is analyzed using the SNA scheme to identify phenomena by focusing on the
relationship between the analysis targets. Through this, maintenance loads characteristics that have not
been previously revealed in quantitative analysis are derived to identify areas that the maintenance

manager should focus on.
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I. Introduction
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II. Related works

1. Data Mining in National Defense
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2. Naval Submarine Maintenance System
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3. SNA(Social Network Analysis)
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Fig. 1.

Sociogram and Socio—Matrix

III. The Proposed Scheme

1. Network Configuration

1.1 Node Data and Preprocessing
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Fig. 2. Example of ‘Submarine—Equipment’ network
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1.3 Creation of Maintenance Loads Networks
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Table 1. Meaning of correlation analysis
range Meaning of correlation

-1.0<r < -0.7 Strong negative linear relationship
-0.7 <r < -03 Distinct negative linear relationship
-0.3 <r < -0.1 weak negative linear relationship
-0.1 < r < +0.1 |Linear relationships that can be ignored
0.1<r<o03 Weak positive linear relationship
03<r<o7 Distinct positive linear relationship
0.7<r<10 Strong positive linear relationship
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3. Submarines profiling and clustering
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IV. Analysis Results

1. Comparison of Submarines Loads by Score
<E & AT YEYTOIN ag e
o] u|Estgt Al2Al 29 vl@et Auoct <m
2>0] Z 2 AMH|H35t30 thst Eigenvector Centrality
THE, LE52 28549 Degree £HE AT 7
JeAwe} g Uelsigion), PSR, ulnets U
Hloh=n] 4H|E 4] 2t0] ATRAS Selsiuxt Bk

Ol

Table 2. Maintenance loads ranking of submarines

Eigenvector Centrality Degree

Rank (By loads rate) (By maintenance time)
Node | Obtain | Score | Node | Obtain Aleine

per year

1 S 2008 | 0.4539 S4 1995 22,659
2 S15 2016 | 03728 | S10 2007 21,564
3 S10 2007 | 0.3087 Sé 1996 20,457
4 S12 2009 | 0.2944| S14 2015 19,835
5 S14 2015 | 0.2844 | S13 2014 18,961
6 S13 2014 | 0.2840 S5 1996 18,747
7 S5 1996 | 0.2712 S2 1994 18,063
8 S1 1993 | 0.2685 S7 2000 17,260
9 S9 2001 |0.1900| S12 2009 16,852
10 S7 2000 | 0.1737 S9 2001 16,808
11 S6 1997 | 0.1547 S1 1993 16,677
12 S16 2017 | 0.1465 | S11 2008 16,217
13 S8 2000 |0.1301| S15 2016 15,997
14 S2 1994 | 0.1294 S3 1995 15,879
15 S3 1995 | 0.1041 S8 2000 15,566
16 S4 1995 | 0.0987 | S16 2017 15,304
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Table 3. Loads ranking of maintenance team

Eigenvector Centrality Degree
Rank (By Loads rate) (By maintenance time)
Node Score Node per caplta
spend time
1 T4 0.381448 Té 1549.38
2 T5 0.361777 T1 1518.90
3 T2 0.351415 T15 1340.42
4 T1 0.311895 T11 1235.38
5 T3 0.298785 T16 1121.50
6 T7 0.271541 T14 1073.00
7 Té 0.258659 T2 1071.25
8 T13 0.244492 T3 1056.22
9 T10 0.243986 T8 1022.71
10 T9 0.217038 T9 907.30
11 T12 0.179831 T13 905.85
12 T 0.156833 T5 897.38
13 T8 0.142227 T10 879.25
14 T14 0.130509 T7 863.50
15 T15 0.090635 T4 745.62
16 T16 0.064107 T12 684.33
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3. Result of Submarines Profiling
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Table 4. Component equipment of system

System Equipment Amount
Hull of ship E1~E4 4
Air system E5 ~ E9 5
Water system E10 ~ E13 4
Propulsion system E14 ~ E19 6
Hydraulic pressure E20 ~ E23 4
Optical system E24, E25 2
Electronic system E26 ~ E34 9
Power control E35 ~ E39 5
Navigation E40 ~ E44 5
Armed system E45 ~ E52 8
Combat/sonar system E53 ~ E65 13
Communication system E66 ~ E78 13
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Fig. 8. Percentage of maintenance loads
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4. Result of Submarines clustering
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Fig. 10. K-Means clustering result
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Table 5. Clustering result
System Cluster
1 2 3 4 5
air system 19.67 | 10.45| 10.08 | 5.03 | 13.47
water system 10.19 | 11.10| 7.78 | 9.03|10.33
propulsion system 354 | 9.89|13.34| 9.00|10.34
hydraulic pressure 2801|1217 | 9.08 | 1556 | 7.65
optical system 039 | 6.24|10.88|14.70 | 9.99
armed system 490 | 6.01| 1.12| 3.25|16.99
electronic system 2072 | 724 | 527 |1228| 4.44
hull of ship 16.65| 9.73| 356 | 7.60| 593
power control 1381 11.11] 1994 | 7.10| 8.43
navigation 284 | 7.00|12.04| 8.62| 6.48
combat/sonar system | 3.53| 507 | 592| 560| 1.88
communication system| 098 | 3.99| 1.00| 228 | 4.08
Clustering 22 H4ehe $4 02 BT 2t
<& 6>} 2} 0|5 B4l JriH oz Flokt AES
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Table 6. Details of clusters

No.| Submarines Caltor High Lo
' (Fig.10) percentage percentage
1181, 2,5 6| Yellow Water, Poyver, Communication
Hydraulic
Air, Electronic, Optical,
2 S3 Red Hull, Power Communication
. Electronic
4, 7 !
3154,7, 8 9| Blue Air, Armament Combat/Sonar
S10, 11, 12 Hydraulic, Armament,
4 13, 14 Skyblue Optical Communication
Propulsion,
5 S15, 16 Green Power, Arman?ent.,
L Communication
Navigation
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V. Conclusions
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