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1.  

1.1 ᴺ Ӻ 

(sloshing)  ᴺ     ᴺ  

◓    . н (LNG)   

 ֲ ᴺ     Ӻ  

      .  

 н ḵ  ◓  Ӧ  н ֖, ᴺ   

ḱ   .    , ᴺ   

 ԁ ԁ   ֲ ֶ   ֖  

.  

ֲ ֶ    LNG  ḱ  

1970    ᴺ   . ᷆   

(oil tanker), н  (LNG carrier), н  

(LNG fueled vessel),  LNG    

ԁ     ḱ   ᴺн  

(Faltinsen and Timokha, 2009). , н  ֲ 

н  ֶ  ᴺ  (Kuo et al., 2009; Kwon, 

et al., 2018; Oh et al., 2015; Pastoor et al., 2004; Woo et al., 2018; Yung et al., 

2009)   2000      

ḱ   .  Ӻ ᶪ н ђ  

  ḱ  н  (LNG 
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fueled vessel)   ֶ  Ӊ (Congressional Research 

Service, 2019; Corkhill, 2018)  ᴺ   ֖ . 

 ᴻ    3  ◓ 50    LNG 

  ,  ԁ   ұ ֖ ҭ╩ 

ұ   LNG ֶ    78%  ᴻ◓  ұ  

(Braemar, 2019).      ᷊ ᴻ◓ 

     ḱ  . 

  ԁ  ḱ   .  

   с ᴺ   Ӧ  н ,  

 ḱ .      

  ,   ᷊   

     ᷊  ֖ 

(Gavory and de Seze, 2009; Malenica et al., 2017; Yung et al., 2009). 

᷆    ֲ  ḱ   ᴺн 

֖(Graczyk et al., 2006; 2008; Kim et al., 2012; 2014; 2015; Kuo et 

al., 2009; Yamamoto et al., 1995),   Ḋֲ ḱֶ(ABS, 2009; BV, 

2010; DNVĀGL, 2016; LR, 2009; ITTC, 2014)    

 ◓ ֖ . ᷆ ֖   ḱֶ    

  ֖,  ӭֲ  ֫љ (Baudin et al., 2012; 

Diebold and Baudin, 2014; Loysel et al., 2012; 2013, Wei et al., 2012).  

ᴻ     ԁ н ӧ  

   ұֲ Ӻ ұ  ֖,  ұ  

  Ӧ  ᷇я  . ᷆ ֖  
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 ḱ (full scale) 5 с    ᷇я  

 3 с  с ḱ   я  ᴺ (Kim, et al., 

2013a; 2017a; Oh et al., 2015; Park et al., 2014; Ryu et al., 2016).   

ӭֲ    ᴺ  я  ԁ   ḱ  

Ӊ ֖    ᴞ н 

(comparative approach) . ExxonMobil  ֲҭ  

ᴞ н   (Kuo et al., 2009), ᷊ љ  

DNVĀGL Ḋ  ◓ (DNVĀGL, 2016)    Ḋ(ABS, 

2006; LR, 2009)  ◓  ᴞ н   Ӏ  

ᵚ   Ӏ    . Gavory and de Seze (2009)  ◓ ֲ 

Ḋ  ◓  ◓  ᴞ , ᴞ н  LNG 

 ԁ  Gaztransport & Technigaz(GTT)  Ḋ  ◓ 

◓ ֲ н   ╩,  ◓     

(Malenica et al., 2017). 

  ḱ   ᷊   ֲ 

с  ᴺ ḱ ,  с     

ḱ   ..     

   ḱ . Kim et al. (2010)   

◓ שּׁ     ԁ ,   ԁ  

ӭ  ḱ н   ұ  ֖  .  

    ḱ  ԁн . 

Kim (2014)ֲ  Zheng et al. (2013)   ᴺ    
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שּׁ  ԁ   о  ֖,   

ḱ   ӭֲ   ԁ  ӭֲ  . Kim 

(2014)  ᴺ  Kwon et al. (2018a)  ᴺ    і  

  ԁ      н  . 

Zheng et al. (2013)  ᴺ  , ԁ  ḱ   

 ұ   .     

ᴺ    ֲ Ӊ  Ӻ , Kim (2014)  

Zheng et al. (2013)  ᴺ ӭֲ  ḱ  ԁн .  

  ӭֲ  ḱ  ╩  , ᷊  

 ᴺ   ֫   Ӻ  ֫ Ӻ   

ᴺн  ֖ . ֫ Ӻ  ᴺ  McCulloch and 

Pitts (1943)   ḱ  н  љ  Ӻ (neuron)  

ӭ   Ӻ    ḱ  

 2     ᴺ  н   

. ֲ  ѓ  (perceptron) Ӻ 

  Rosenblatt (1958)  1900   ֫ Ӻ  

 ᴺн   .  Minsky and Papert 

(1969)    Ӻ   ԁн  

֫ Ӻ   ԁн ◄ . Minsky and Papert (1969)  

ᴺ    ḱ      ԁн 

 ḱ . 

1900  , ֫ Ӻ   ᴺн   
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. Hopfield (1982)  ᴺ   ֫    

᷊  н   Ӏ  ԁḱн . Hopfield (1982)  

Ӻ   ḱ   ◓  , ֫   

  ֫ Ӻ    ӭ    н  

. 1980  ֫ Ӻ   Ӊ   , 

  .       

 Ӻ  ѓ      Ӊ . 

, Rumelhart and MacClelland (1986)  (back-

propagation)  љ   ᴺ     

љ ֖,    ᷊   . , 1900  

 Ӻ   ֫ Ӻ  ᴺ    

 ḱ טּ  ḱ (Medler, 1998). 

᷊  ֫сֲ  н     

  ֖,  ḱ  Ӻ  Ӊ 

.       ֫   

ӭ ḱ  ֫ Ӻ  ֖ . ֫ Ӻ  Bridle 

(1990)  ᴺ  ḱ    (supervised-learning) 

֫ Ӻ .  ֫    ֫ Ӻ   

ᴞ    ӭ  Paneiro et al. (2018),   

  ӭ  Camps-Valls et al. (2003),    

֫ Ӻ   Azar (2013)   ᴺ    . 

֫     ḱ   ԁ 
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(Besnard et al., 2007),      (Luo and Zhang, 

2016),  о    (Ahn et al., 2019)   

  ֖ .  

1.2 ᴺ    ᴺ ◓  

 ᴺ   ◓  Ӊ  ╩ .  

ᴞ        ֖ 

 Ӏ .     ֖,  ᴺ  

ḱ  ᴺ  ұ      

. ᷆ ֖      ֲ   

н֫ ֖, н֫   ֖,  ᷆ ӭֲ    

     .  

 ᴺ  ◓   Ӏ     

 ḱ  LNG (Faltinsen and Timokha, 2009),  

LNG         

 .  ᴺ  ֶ   ḱ ,   540 

    . ᷆ ֖  

Ӧֲ   ֖, ҭ╩ н   

ҭ .   ,  н   

 ᷆  ֖  .    

    ֲ   ╩   

ֲ  . 
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   ᴺ     .  

 і  ұ       Ӧ  

Ӊ    .  Ӧ   ḱ, 

   ,  ◓  ᴺ  ◓  , 

 ,    ,  ԁ  ,  

Ӻ    .  Ӧ       

 .  

  н֫   нֲ֫  н֫  ╩ . 

 н֫        

ԁ  . , ╩    ◗  

     я  ◓  

.  н֫ ֲ  ḱ   ᴺ  љ   

ḱ   ᴺ    ╩, ḱ  ᴺ  

      ḱ ,  ᴺ   

   н֫ .  н֫     

   ḱ  н֫ ֲ    

 (data mining)  . ᷆ ֖     

  ӭֲ  о     ḱ  . 

╩ н  ұֲ  ӭֲ  ֶԁ, н ӧ   

 Ӻ ұֲ  ӭֲ  ֶԁ, ᷆ ֖   ֲ  

ӭֲ  ֶԁ  н  ╩ ◓֖ ֶֶԁ  .  

 , ֫ Ӻ  ᴺ  ӭֲ   Ӏ  ᴺ 
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 .        

 ӭֲ    ֫ Ӻ  .  

֫ Ӻ          

   н    . 

֫ Ӻ  5љ    ,   

  ֲ    .   ֫ Ӻ  

     ֲ  (over fitting)  ӭ ֖  

 ḱ   ḱ  .    

ḱ    ḱ  .  

 

 ᴺ  ᴺ  ᴺ ◓    і . 

 

1) ᴞ       

ᴞ          

֖,  (data mining) .  ֲҭ   

֖,  ,   ◓ ҭ . ᷆ ֖ 

 ḱ  LNG  ֲ LNG    

   ұ   .    

  ӭֲ      я  

. ᷆ ֖   ұֲ ӭֲ  ֶԁ  . 

 , Ӻ  ұ, оֲ    ұ 

ֲ  ӭֲ  ֶԁ  н . 
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2) ֫ Ӻ  ֲ  

    ֫ Ӻ  .  

ұ    ֫ Ӻ       

Ӊ .       ֲ  ḱ 

  . ֫ Ӻ   ᴺ  ֶ  

  .    ֫ Ӻ  

  ḱ    ӭֲ  .  

 

3)   ӭֲ ֲ  ӭֲ  ᴞ 

 ֫ Ӻ     ӭֲ  ֖,  

 ӭֲ  ᴞ .       

 138K LNG  2     ӭֲ, 

֫        ӭֲ, ᷆ ֖ 

֫  LNG    ӭֲ .  ӭֲ  

 ӭֲ  ᴞ   ᴺ   ֫ Ӻ  Ӻ  

,  ұ ,         

ҽ .  

 

 ӭֲ      ֲ і   

ḱ   . 

1.     ԁ     

    . 

2.       ԁ   
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      . 

3.     ֲ      

  . 
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2.    

2.1    ֲ  

  (data mining)     ᴺ  

   ԁ ֖, ֲ      

 ֲ  . Han and Camber (2000)    

  ,    ᴺ    

   Fig. 2-1ֲ і . 2011  ṍ  ᴞ 

         

(SNU Sloshing Model Test Database, SNU DB)  ᴺ .  

 

 

Fig. 2-1 Data mining procedure of sloshing model test database.  
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2.2  (SNU DB) љ  

ᴞ        

(SNU DB)  ᴞ     

        . 

2011  Ӻ   ֫ , , ֫ , 

STX , ֫    ᴻ◓   

    100     

֖,   2019  ḱṍ   540  

.  

2.2.1      Ӧ 

    ԁ    ḱ 

     Ӧ  ԁ .  

ұ   н ḱ   ԁ , ᷆ ֖  , 

  ӭֲ   .      

 ѓ     і .  

Á ԁ    ԁ  

Á   

Á ᶪ   Ӻ ұ 

Á  ֲ о    ұ  

Á      

Á      
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    Table 2-1ֲ і . 

 

Table 2-1 Characteristics of SNU DB 

Category Contents 

Storage size > 540 TB 

Data type 

Pressure time signal .bin, .dat 

Movies .mkv, .wmv, .mp4, .mov 

Pictures .jpg, .png, .eps, .tiff, .bmp 

Documents .docx, .xlsx, .xlsm, .pdf, .txt 

Purpose Research purpose, industrial design 

Model dimensions 2D, 3D 

Model shapes Rectangular, octagonal, cylindrical 

Simulations  

Regular sinusoidal, single impact,  

irregular wave-induced motion in 3DoF,  

irregular wave-induced motion in 6DoF 

Internal structures Empty, pump tower, floating blanket, internal members 

Liquid Pure water, water with fluorescent 

Gas Ambient air, mixture of SF6 and N2, SF6 

Movies Front view, diagonal view 

Platform Small-size, mid-size, large-size platforms 
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       Fig. 2-2  і . 

 

 

Fig. 2-2 Storage shares of Seoul National University sloshing model test 

Database (SNU DB). 
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2.2.2   

ᴞ       ḱ  н  

  ֖ .      

 6љ   ḹ      

6     .     

ᴺ ֲ ԁ     н הּ   

(Gavory, 2005; Kim et al., 2012; Kim, 2017; Malenica, et al., 2017). 

   ḱ  10 , 5 , 1.5   ѓ֖ 

.    ᶪ  6   Ӊ 

.   ֲ    

  ҽ ֖,  о     

 3% (Kim, 2017).  

      10     

(large-size motion platform, Fig. 2-3)ֲ  5     

(mid-size motion platform, Fig. 2-4) .    

  Table 2-2 ,      Table 2-

3   ╩ ◓ . 
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Fig. 2-3 Stewart type motion platform (large-size, 10-ton capacity). 

 

Table 2-2 Performance of 6DoF motion platform (large-size, 10-ton capacity). 

 Displacement Velocity Acceleration 

Surge -1440/1440 mm 2000 mm/s 0.9g 

Sway -1380/1380 mm 1800 mm/s 0.9g 

Heave -840/840 mm 1100 mm/s 0.9g 

Roll -33.0/33.0ς 45.0ς/s 250ς/s2 

Pitch -33.0/33.0ς 49.0ς/s 250ς/s2 

Yaw -33.0/33.0ς 74.0ς/s 250ς/s2 

Max. payload 10,000 kgf 
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Fig. 2-4 Stewart type motion platform (mid-size, 5-ton capacity). 

 

Table 2-3 Performance of 6DoF motion platform (mid-size, 5-ton capacity). 

 Displacement Velocity Acceleration 

Surge -1080/1030 mm 2000 mm/s 0.6g 

Sway -980/980 mm 1900 mm/s 0.6g 

Heave -540/540 mm 1000 mm/s 0.6g 

Roll -35.0/35.0 83.0/s 200 /s2 

Pitch -35.0/37.0 83.0 /s 200 /s2 

Yaw -65.0/65.0 170.0/s 300 /s2 

Max. payload 5,000 kgf 
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2.2.3   

  ֖ ₿   . 

  ֲ    ӭֲ ֗  ḱ  35 mm 

  Ề   . LNG   

 ◓  ᴺ   ᴺ  ,  

 ◓  Ӧ ,  ,     ᴺ . 

◓  Ӧ ֲ   ᴺ  Ӻ  ђ(stainless 

steel)   ◓  ᴺ (Kim et al., 2013a; 2013b; Lee et al., 

2018) .  

◓  ᴺ      ╩  Fig. 2-5  

╩ ◓ .   Kim et al., 2017b  љ     

1:70   138K LNG  2   .  

 

 

Fig. 2-5 Example of model tank. Front view (left) and side view (right) of 

138K LNG carrier No.2 cargo hold model. 1/70 scale. 

 

ђ   ᴺ  ◓   Fig. 2-6  

╩ ◓ .  STX      
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  , ◓  Ӧ   ђ  

(Kim et al., 2013a).  ֫  ԁ  LNG 

  , LNG    ᴺ  

ђ  (Kim et al., 2013b). 

 

 

Fig. 2-6 Examples of model tank with internal members made by stainless 

steel: STX independent B-type tank model (left) and pump tower structure of 

SHI LNGC cargo hold model (right). 
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2.2.4 ԁ    

      Ӧ  ԁ  

Ӏ .    Ӧ  ԁ ḱ  

  (dynamic pressure sensor)н .   

(Kistler Group)  211B5 . 211B5  ◓  

ḱ   (Integrated Circuit Piezoelectric, ICP) ,  

ԁ  н   6.89 bar ֖, ԁ   5V ḱ  

.  Ӻ  5.54 mm .  ֫   

ֲ  Table 2-4  і .  

 

Table 2-4 Sensor specification (provided by Kistler Group). 

Sensor Specification Value 

 

Pressure Range (psi) 100 

Maximum Pressure without damage (psi) 500 

Sensitivity nom (mV/psi) 50 

Threshold (psi Ā ms) 0.001 

Amplitude Non-linearity zero based BFSL (±%FSO) 1 

Resonant Frequency nom (kHz) 300 

Low Frequency Response -5% Point (Hz) 0.025 

High Frequency Response +5% Point (kHz) 50 

Temperature Range Operating ( ) -65 ï 2 

Bias nom. (VDC) 11 

Impedance max. (Ý) 100 
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     ᴾ   הּ  

הּ  .     н  љ   

љ     Ӏ  ╩,  ᴾ  

н     Ӻ  .   ֲ  

Ӧ     הּ   .  

н  нṞӉ ,    н . 

   с  ҭ н 10.0 mmн  , 

   с  ҭ н 9.0 mmн   

 . ◓   ṍ  ҭ  

     ◓    

ҭ  нṞ н   Fig. 2-7  הּ  .  

 ╩ ◓ .    1631ASP20  

   ӭ . 

 

 

Fig. 2-7 Two different sensor configurations on the sensor cluster. 
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    Fig. 2-8  ╩ ◓  הּ  .

   ᴾ    Ӏ    

.    ӭ  ,   

   ḱ   н   

֖  .  

 

 

Fig. 2-8 Examples of sensor and cable installation. 

 

Fig. 2-9  8о       

   ╩ ◓ .  о (face)  ֲ ֲ 

הּ  .  הּ      

    Ӧ   ᷆  н , Fig. 

2-9 (b)  ╩ ▀   н  .   

  ӭ ֖,     

 н ḱ  н .  
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(a) Schematic drawing and faces of octagonal model tank 

 

(b) Sensor panels and locations 

Fig. 2-9 Model tank and sensor panel configuration. 

  
































































































































































































































































































































