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A Study on the Prediction of Sailing Performance for a LNGC based on
the AIS Data
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In order to predict the sailing performance of a LNGC during actual operation, it is necessary to consider not only the
information about resistance, maneuverability etc, but also the information such as sea route and sailing scenario etc,
comprehensively, In this paper, we propose a new approach to conduct the sailing simulation of a LNGC without full scale
measurement data, Latitude, longitude, sea route, speed over ground, time in UTC obtained from AIS data are substituted for the
measured data, By combining the model test results, design information, and AIS data, prediction of sailing performance is
conducted from the coast of southern Taiwan to the coast of Madagascar, The simulation is verified by comparing the calculated
time histories of RPM and power with those of measured RPM and power,

Keywords : Sailing performance(2&4s), Resistance(Xg), Maneuverability(RENs), AIS(MEIXISAIEEX)), RPMEESITD),

Power(S2)
1. A—I 2 = AT FEXIE Ho[gezA, A 28 Al ofdzs MeEke|
MeS AuEol Hijof efs FHsEcke 40| Uck

olet &2 a9l islof thEsk| 2lstod, 2t 77| 2h=0l|
=2 of|X|EEX|(Energy Efficiency Design Index, EEDI), ME AH| RS0 £X HE BEMS AlTsks o7} 48l
of|L{X| & EX|%(Energy Efficiency Operational Indicator, EEQI), =10 Qch MEMOZ Muto| EMES0 oAM= ZH|FAP |7
Ol | 22| AE! (Ship Energy Efficiency Management Plan, OllA] HMA|BH EZZZAIS0| A|S2jojMd DEAS AIRME E
SEEMP)S| Aol et =27t =HEHARP | International 5l chedol ASX|ERHS d|wsh= AT TR0 ReH
Maritime Organization, IMO)E EAl22 0|20{X|12 RUCt (Jung, (IMO, 2002; Kim, et al., 2001; Kim, et al., 2011), AlM 235
2011). EEsh Muto| A[RM EHollAM EystEe| ¥Eo| gi= Ol oM B2, =7, ot 39| 2FdsiEo| Muke| =E2=0
AROl REIFE T7|FCRE FHEUH & ARXDt 25104 ojXl= dge sl A7t 22K 3E b UAct
High oiT, =7, A S| sl =M 13E 4 JLE 2| (Yoon & Rnee, 2001; Seo, et al., 2011; You, et al., 2017).
EZsP|HInternational Organization for Standardization, 1S0) Z=ZX7| MA 2olMeE MM 28 Al FRIT| Ms9| HstE A
o Aol AAMEZ|Z sICt (1ISO, 2015). ol=b &2 IMO2} Foll, FAMsk= A7t $Rl=T|T SIICE (Song, et al.,

ISO2| 22l AN 2ex7ds T2 M| 452 Holet 2005; Choi, et al., 2011).
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Table 1 Principal particular of the hull, propeller and rudder of
the 151K LNGC

[tem Design Ballast
Type 151K CLASS LNGC
Length between perpediculars
(L,,) [m] arr.z
pp m
Breadth (3) [m] 43.4
Draft (7)) [m] 12 9.4
Block coefficients (Cp) [-] 0.75 0.73
LCG from midship [m] 1.00 2.75
Speed [knots] 18.4 19.0
A f h rudd A
rea of eac 2ru er (Ap) 63.48
[m*]
Aspect ratio [-] about 1.90
Diameter of propeller [m] 8.5
Pitch at 0.7R [m] 7.4
m(ﬁ—vr—w(ﬂ"?):X (1)
m(b+ur+ xG%) =Y
[ZZH— m:EG(iH- ru)=N
Fig. 12 & d70lM ARZSH ZEAE 2041 QUL o, T,
Y, = XFOYEEA S| ¢, Sut 24Et A E on|dict
o= ARIE Efe| ERt2 oufsict U Mol £EE on|st
Ct o= Muke| XITDYEFHIMS| M2k onfsie, g=
HEZS ofnlsict Maof 225k &t RHEE= Al (2)2F &
o] Mzleh 4= Qlcl sHEXF HE MAIE 2lolsled, P= F217], R

CetEMelsi=R2% M54 # X4 5 20174 8&
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510 ES5IICt (Fujii & Tsuda, 1961; 1962). o= Ax|= E
o RxI7t rksks 2kSZiangle of attack)S 72IZIC ~
HEATE, 1= Levere ZO0|E 2lolok=dl, S4F 21,02t
Zisicl XIS7R| dgst $msg olgsio] tE &
151K LNGC =B 22 ZA} sliict

_

Elorr

2

X, =—m,u+ (my + X, Jur (3)
1
+ 5 (pLppTU?) X, c05”0
Yyp=— my{J-i- myur+ Y, (')

Ny=— JZZ%+ Ny o' )+aoY,0'r")

0471,

Y, )= %(pLPPTUQ)(Y.'v/—F Y, r'+ Y, v
+ v, 7+ Y, v+ Y, o)

vur orr

Ny(W'r') = %(psz TU*)(N,/v'+ N,'v' + N, v'|v|
+ N, I+ N, v+ N, o)

Xp=0—t)pn*Dp K (Jp) (4)

XH = (1 - tH)EVSin(S

Y == (1+ay)Fycosd

Np == (xp+ ayry)Fycosd

0{71M,

Fy=0.5%pA; Uy Cysinag (5)
6134

Cra=7 +2.25

R 577(67“?,7",)

MEXISAHEX O 2S5 HEE 0|86t Mulo| 28 AlE
2 T™sp| Mol ABE TREs Soff ClakMulel =
TS DA 20| 7kstR| ol oot UQIct 2lollA
S AMHE, dAEet WHAESSAM IHGHAP [T
TSIl JlE EE TBAES XE AU, ARl Tl
7|9 HEHZIS I 25 M TIX| AlEE 2ARBI S, Zt
A 10°/10° X|TAMIAIR(zigzag
test), 20°/20° X|IXIAIEO[Ct AAHZet WR{AESSo| H|
A8l IEAIE TA2 Table 10 Melel & STt 2t
Figs. 2, 3, 40llM= CHARMELS| EF =TA I?:.“’ Al Akst A}
of IYAIY ZIE ZIZt TAIsi QUCt Fig.2= 35° MEAE
oM Met HMS HoiFD Uct ARZED} 22 Zk2t Mg
of W AES0||M KIFET DAY Al ASE MUt XS
ZRIZIck AMTp 1 MM MAEse MRAESS0IM AL
= Mk HEE 212} JR2I7Ict ANRETAlE o) e AESs
o| Mg| H&o| MAHESe| M3| HAEECE IA LIEktond, ALk
2ot S5t EMo| & BidE|=E -}t st 250l
2 Ao Ml Ao|= AL A F HIHE Zio=Z Holct

M3E[A[E(tuming  test),

ro r|r
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. Model test(Design)
Model test(Ballast)
Simulation(Design)

= i Simulation(Ballast)

xg[Lpp]

4
yglLpp]

-2

Fig. 2 Trajectories for 35° turning tests of the LNGC
with design and ballast draft

Fig. 31t Fig. 4= 2824 10°/10° X| XA &=} 20°/20° x|
MIOAEE sdllsks Set MpZfe| AlAZES 2oL Qlot At
2@} 22 MASSet WHAEESOM AREF ZEA
Al ASE Mp2t2 2424 712 (7ich At 1y A2 22 o
AE, YeIAESol thal Atk M2t AAES 7EIZEF

A |, £ Hu DfTRFEZHovershoot angle) 2+ AFgaE
Aajol| AP USS & = Qe cigh O
1 Zfzto| Mzt A|A|Ho| Halst= 2kAo| K
2ot FARICE £S5 E40f| 2 HEEQI Xj0]
| {82 201 Qlct

ocoo=2

40
30 =
’--_T
”
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f— b ¥
4 s
B 10 \,
o i
g 0 1 2 |
i 250 300
-1 Time [sec]
B-10F :
@
T
=20 =
30
L] Model test to PORT (Design)
a0k Model test to PORT (Ballast)

~————— Simulation to PORT (Design)
— Simulation to PORT (Ballast)

Fig. 3 Time histories of heading angle and turn rate
for 10°/10° zigzag tests to port side of the
LNGC with design and ballast draft
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S o

Model test to PORT (Design)
Model test to PORT (Ballast)
Simulation to PORT (Design)

——————— - Simulation to PORT (Ballast)

Fig. 4 Time histories of heading angle and turn rate
for 20°/20° zigzag tests to port side of the
LNGC with design and ballast draft
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3. AIS Hl|o]&{ 7|t AlE2{old 2hY

2 70 e MEKISAIEARR| HO[EIE 7[Hez tE &
Tl 151K LNGCe| 28t Algaold e lSIaX} S%Ct Table
20iM = MERISAIEEIXIE 8ol &5 7S HEE HoiF
U=, cHAMElo| IHGHA|FolA Foiak2 OEHE(IMO
number) & SXOI0[E{oA S5 TRH SOt H|WS0] CHAMM
Blo| MHEQls 2lISIQICt (Leica Geosystems Inc., 2001).
151K LNGCe| M™H2 NG IMOO|, I7HS= 93115810|C}.
AlZelolMol| RXEoz S2x= HEE= Table 20| @ EAIS
SISAC.
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Table 2 Information provided by the AIS falls into
several categories

Type Data
- IMO number (where available) (@)
— Call sign and name
Static datal ~ Length and. beam
- Type of ship
— Location of position—fixing antenna on the
ship
- Ship’s position with accuracy indication
and integrity status (@)
- Time in UTC (@)
Dynamic — Course over ground
- Speed over ground (@)
data .
— Heading
- Navigational status (e.q., “at anchor”,
“not under command” manually entered)
- Rate of turn (where available)
Voyage |~ Ship’s draft (@)
related |~ Hazqrdo.us cargo (type)
— Destination and ETA (at master’s
data : .
discretion)
Safety
related | — As needed
message

Table 3 Acquired data of the ship for Initial location
and final location

Data Initial Final

Latitude [deg] 20.73 -25.67
Longitude [deg] 121.20 47.42
Speed over ground [Knots] 16.50 14.40
Ship’s draft [m] 9.06 8.85

Fig. 5oliM= et 2l S0l A FE DPEPI-*E’P ol of
I O|Sske 428 2oiF1 ot 71 2 HE2 Lept

sheiol ZeiE et olEkE njol U2y, me ZERE
Chee DMARE RAISIICH ANl A2 MofZalzjofA
He7kAE BN 3 0IRE JHH oklolz 2uisl, RE H

AIIAE Sleist % ofMlofolA MolZlptz olSsie Y=S
IIRIT UL w2 MEUE S 72k Solo walAE =
20| Jk2 B4E FAISKD UACt

Fig. 62 HURSAHTROIN SiSE 828 Jlio tiy
Muo] AH| 28|=0f w2 23 Algaloldg 5P| Slst
A HYZ SHEE EAS H0Ich BIR, MO
A thaiste] MBS ES3ich 2ZolA Table 32 20| 2Af
SHIAlStE P7he Ashed, M B Wil ARl d2g 5|

—_

ﬁgg’ 7|.7g |:||.7(|D|—A|7t4o| MEE % o I— oz 7|.X‘|o|-|:|» A-|I:l|-
RISAER{olM SS9, ZE ZhEE Alg2old Al Chakd

sio| ZZsfof st AZHOR YR, SEYE Mulel

i

HXIES=E YySr2 J1YsIqict

Fig. 5 Sea route of the LNGC from Asia to West
Africa to load natural gas

START

REAEJ AIS
DATA
+

SET INITIAL & FINAL LOCATION

.
FIND INITIAL CONDITION

. z
YES,

— DOES SHIP GO BY WAY POINT? — 4 READ NEXT WAY POINT

. MO,

CALCULATE RUDDER DEFLECTION ANGLE »

YES.[ .
— DOES SHIP CHANGE DRAFT? =+ CALCULATE RESISTANCE

Tho
USE IDENTICAL RESISTANCE &
HYDRODYNAMIC COEFF

1
CALCULATE
HYDRODYNAMIC COEFF

DOES SHI'S SPEED IS IDENTICAL NO, )
B a A R RPM
WITH COMMAND SPEED? E 1 ADD or Reduce

YES,
SOLVE MANEUVERING EQUATION
OF MOTION

NO, DOES SHIP ARRIVE AT FINAL
WAY POINT?

s,

END

Fig. 6 Flow chart of the sailing simulation using the
AIS data

ZIIzoiMe| XSS =] REETE 7SI,
ol st ZESMFE TVIETE VISR MAIETet ¢
BIAESe| NME, Al HREE MY 27islo] FHSIC =

7|52t 27| fIxlet F e A2EE e WRIHeE THY

o|'°:‘l:|-

Chekuere 2 %liloﬂ/\'l ol Zd=82 oo 2k,
2ief ool AltlollM FESIH H=HE ALE 8F o= 4
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& Rhee, 2001 You & Rhee 2016; You, et al., 2017). &, M
st AN A=Z2Ho| °'7“71EI Olufioll =2 o= X|2F Muke|
SR (x|t A2AEE Sl del|Zint #A M=Zte| Xfo|2Ct &
ooksich 07|, I g2

& 2T ol AHREXIS SHeldt F
0.25L,,% 7/4 2 FRSBIACE BYAIRS} BApI52I0] 0RE

xfo], Mute| M3ZEEE M2 HA|H0{E 08510 HE2RX|
=2 4280l Zest Ef2tg AFSICH (Hasegawa & Kouzuki,
1987). Ch AlF| 28kl MeloiM A2 HZo| Algsl= ERY
ZEupe Mulol| MX|=l= XiSERiEx| xol w2t 28 =0,

ZERERIZL S 7= A0 AH|

oF SUo RIS AlSe{oldol 0|33k A2 H7F—OHZF
2EEel ME2 MAjatEol ot W AES0| o w2t A
H 28t 247t 2=, e oo w2t MAESot
WAAEZSO| X, Al AlFE WaEol w2t A1°4E7 215t
Non, M 0|50 AllkE FMHo|ATE L2siict
(Kijima, et al., 1990). HE5F Mulo| HWHETo} HIMETE 30X
oich Hlwstod, O HE £E2 0S5 ActH 2HIHTE
0.24 ZU2A7|A, O W2 £E2 o|Sstl ACkH 23T

£ 0.2% ZIMIZICH (You, et al., 2017).
7<7(‘IE| X—Iol— X'-ol- XEME E2 _IE:IO|.O:| ZCA)S_?_EI:II-X-IAI

—

TTSoo o= Looco™1
2 205t fIxl, £, 7K5E 32| HEE ¢H0|E sict &
Hio|E& Mefel 2Ix7t 25 d2Hol| T2H=AIE Hebs|of,
e 7R S Altke gt AlMol feEE el
Metol ox| HEE= SEEA R dFsH UHoIE =|=d|, =3t
A YEet @ a0l HEE SOz Held Z9 LY

O

Sk QAE £0(7| /I 0Iict (Richardus & Adler, 1972).
SEEA YoM £ & Alole] olsHz2|, Wz ols = &
IX|&e zEE F817| flstod, 4l (6), (7), (8)2 OI%EFOE‘EP.
HA, Al (B2 F ™ ZHEE 2 0, F ZAI2] HZIE A
HOIEE (p,A)2 Abloll ARBE AlZEel 2iFT ZEFEE
(po ) = B FEES JI2IZICE Ap = TEEC 2ot
ARFEO| Q= RIS, ANE TEES| ATe}t ARl HT
XOIE 72IZIcE R2 X7 BXKIEE 7I2I7|M, d= F &AL
ole] HzlE Zl2IZict Al (7)2 &= & EE L W, F
ole| WR|Zt2 ALkt Zolct o= Welzts

=
7t J2|1 olsH2IE < uf

Hd]

ARRERH e
Adtet Zolck Al 71| Alg o|83iof

B
& M
ot d=Eel 1EI ALk A.i—.%ﬂi/.\_ ol Bl x|t d2HE
Oo|l= X o
—

a=sin’(A@/2)+ cosp, * cosp, * sin’(AN/2) (6)

c=2 -« atanQ(\/E,\/lfa)
d=R - c

0 =atan2(sin A X * cospy, (7)
coS}y * singy, —sind; * cosg, * cosAN)

¢y = asin(sing, * cos(d/R)+ coso, (8)
« sin(d/R) * cosf
Ay =\, +atan2(sinf « sin(d/R) « coso¢,,

cos(d/R)—sing, ¢ sing,)

ollM HYSH S50 SHF0f, 2010 118 222 9A|RE
20106 128 62 1441 002 Alololl Aste] kS Algal
Ol BICt. Fig. 72 MEEl 23 |7HE ok MURISAIIEIA[of

M Bt Moto| 9lx|eb HAE AMute| 91x2 b|mt Zo|ch
MURISAMSTIR|E Sof S5 Mute] 9ixlet AHrEl Mo

o T REE R0 v w=Q7| ol #HEo| 3| o|FoR
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