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A Numerical Study on the Maneuverability of a Twin—Screw LNG Carrier

under Single Propeller Failure
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Recently, ship owners have been requiring the assessment of the maneuverability of a twin—screw ship under machinery failures,

In this paper, we are only focused on the propulsion failure among propulsion failure, power supply failure, steering system

failure etc, First of all, the mathematical model for the twin—screw 174K LNGC is verified by comparing the simulated results for

o

35 ° turning test, 10 ° /10

zigzag test and 20 ° /20 ° zigzag test under normal operating condition and those obtained from free

running model tests. And, sea trial results of 216K LNGC under single propeller failure are compared with those of 174K LNGC

under identical condition to verify the proposed method to predict maneuverability under single propeller failure, After the straight

line maneuver is simulated under the single propeller failure, the speed and equilibrated heading and rudder deflection angles at

steady state are predicted, After the IMO maneuvering tests are simulated under the single propeller failure, the results are

reviewed to investigate the maneuvering characteristics due to the failure,

Keywords : Twin—screw(*A=). Maneuverability(2&-AMs). Machinery failure(7 |4 10&). Single propeller tailure(Es =XI7| 104

M= (twin-screw) F& MEk2 ZEMS0| S=(single—screw)
2l Mulol| vl =510, 2 oA ZHo|M 2ot oRdst
si7F Jkssict e 2ok S Fuel Qil Consumption
FOC) JHollM AxZol7| mh2of 4% H|& Ecke 28 ok
2} Operating expenses(OPEX) S SQAIck= MFE0|
S5t QUCk w2 CHE Z4E8|0|LM(container ship) 2t LNGC
(Liquefied Natural Gas Carrier)& SAQE &5 F2I M4lo| 74
=10 QICh A= FFI Mutel MA|, FED|, EF A= HF
| Muto| Mot FARH HAE AN FIEICE S35 =54
HolAle 7ol St Wot HXE HA MA=1 RAct

oz Mo x=EME "ok IHEiAPIT
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HAIBIL e EE wel a0, MAEToAMe =7|1M

S|AIE(initial turning test), 35 M3[AE(tumning test), 10°/10°
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QCt CHEEo| 2= ALV 7[AIAl nFo| Lhdsh o]0
2t o, =Fo| ¥aks dol WSt TSk o7t -
= "} lon{ (Fowler & Sogard, 2000), 2

EFRFx| T1%Ksteering system failure)
T ALRIRE B ATt SRl

r

!
d
m mjo

al., 2013). =2 O[2{st 7= UF F7I Mulo| =FEN M
oM DABES BEAMSH 42 of{UX|DE o TAZ =0 oSt
HEJ} "SR] od7o| tixE MB35 Qo 22 AE F7
ZiE|o|fAle| ct= E} TIEHAMEN(single rudder failure)7t =&A

2 FHsk= wHol Metk=7|E st

L
o
2
rir
. 02
o0k
1o
4>
Ral
ik
|0

ICt (You & Kim, 2017). EE8F 4= X 216K LNGCoilA M4t
2ehel 2 ohs F=XI7| DRAEN(single propeller failure)ol|A]
Al2XMe #8lisln, 1 ZAnlE v|WsP | It (Kim, 2008).

2 os W5 FE Mule] IMTE Fof oh=E FX17| A
0| =E230l| 0|xl= Beks EMoks o72M, HBE T2
S JHIeR CthE F2T| 0% MefollA MakMefol| TEsE M
dfo| £& M4zt ERIE 2| ZHOZ JIFsI0] B =T
e s = o Mulo| =E230| EFS Hol1At 5191
Ct M, MFE0| 45 FZ MEtoZ MS5k= 174K LNGCE

=
é} Ao xE=ELES A|'='E1|O|
4 shedl 220t FAHn et Bl 2 Hles NS 018

510y =M (Kijima, et al., 1990; Fuji & Tsuda, 1961;

1962). M| &gt H F2 2 Al theZdoi Lol 2EM
S flstod TAFE INGCe| ZYAIY ZLE o5t
AEAD ZEAIY ZOlE TEez SE MARSHIE] AE
gfojdel EfEME AFBSP| 2lstod, Algzold Zuet 174K
LNGC AtpetrAlele Sof &Set 36" MaAd, 107107 X2

IR, 20/20° XM IAIE ZRE v|wsict HARREr
EfollM ASE etZsolM ThE FR7| DEAELE |
fI8t04, FX7|7} S™skK| gt MX|= AefE JHHSICE 0f
of w2t =E2EUHAS Zolgol| o] & FEV(| BEf
3|M(Rrevolution per minute, RPM)& 022 1Mk, 0%t
Ch FR7| Foll fIxlsk= Eloll S02= 752 FX7)ol 2ls)
7ESE|X| hectn 7HEYSISICE olet 2 JHYE ol8Et Hlthe
EIEM S STAIM F8E 216K LNGCO| ths FXIJ| TIEMA
EfollAMel Al2M Aot MMo=Z d|wsIct (Kim, 2008). M
AREE] 3 ThE FE7| DEEfof| el HEE Tetnd

27| DEMEfoM =EMESE HoP| @

co=2 o

A
M Mulol AZl2E2 AlEH[0l SICE of mf, FHEAYS
2 Qe M35 WX|SH=SR EIE Mo{stHA A7l 28] oot
Mebo| &g MAZF B2 EX5I9Ct (Hasegawa &
Kouzuki, 1987). FX&E ch= FX17| D& Melol|lAM 21X 7 kst
&, M2t ERg 7|EQE ZV|MSAIY, 35" M3lAIE, 10

N0 XZMIAI, 20°/20° X|ITMIAES AlSolM 5t

I

2 oM HE SRS 2H= 174K LNGCE Chaloz
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ATE THSIUCE Table 10AM= CHAH M

gtel M|, FZ],

Efe| R HMaS EoiF1 Uct LCGE MMSAFIMTEH F

HES 27| ozl H2lE 712lZict

Table 1 Principal particular of the hull, propeller and

rudder of the LNGC

ltem LNGC
Type [-] 174K CLASS
Length between perpediculars
(£,,) [m] 283.50
Breadth (B) [m] 46.4
Draft (1) [m] 1.7
Block coefficients (Clp) [-] 0.77
LCG from midship [m] 2.75
Design speed [knots] 18.2
Area of each rudder (A ) [m?] 40.00
Aspect ratio [—] about 1.52
Diameter of each propeller [m] 8.3
Pitch at 0.7R [m] 8.7
Trim [~] Even keel
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= Ut SHEA HE MRE 2olsin, P= 27|, R EFE 7}
2lZIck

a Ve

Fig.1 Coordinate system

X=X+ Xp+ X, (2)
Y=Y,;+ Y,

Al (3)2 Mol 285k SRAEE Helst oot 2t 74
Kijima, et al.,
= A7 |2 FHE, A (B Ebt
MAI7|= ERg FHsks Al 20iF1 QJct Ef 2EHE 7
si7| e AYAI2 MIISEHTuUll spade rudder)oll CHHA A|oF
=l 20|, MIISED MR|E chakilof tishAM A7t 3=
et (Fujii, et al., 1961; 1962). m,, m, = SYE, L2
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7121704, 2 FXIstE giels olo|gict

z O
T~ Of
2
-
02!
ofr
0
n
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(pLPPTU ) uuC0526
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0{71A,

JIp, poRT = U(l - wP)/nPORTDP
JIp, sBD = u(l— wP)/nSTBDDP

—(1=tz)Fy, porzsindponr (5
—(1- )FN s7BpSIN0s78D
—(1+ a’H)F]V PORTCOSO pORT
—(1+ aH) N, 57BDCOSOS 78D
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(551? + GHCUH)EN, s7BDCOSOSTRD

- ?JR(I - tR)EVA, PORTSING pORT

+ yr(1—tR)Fx srppsindsrpp

047/,

=0.5% A U porr Cr, oSiN0 g pory
Ey srpp = =0.5% PAR URA,STBD Cr, oSINA R s78D
o = 6.134

Lo A+2.95
Ap porT = OpoRT™ v(B— ZR,T/)
Qp.step = OsTBD v(B— 7

EV PORT —

4 ), 4, B 7I1& 5 T M4e| =BYsE FHst
7| fI5t04 ALESHE ZelAE Otz AKEStE, RV, Bfel 4
T AT ol dRlE A2 Lol EEHE Aol th e
M 71Eez FHE FAH0ASE 4500l HEe o ALt &
| xfolE 2YsP| 2l5lod, AReFREAlE Znjol| 50
LT ASE $HSIAC of7|IME tladetel MaHY & X2
Mo AALge 7=z Y, , N, , N, = skt
710l 2 F| 31 werg 11q510] Elofl Ak 75
£ Il Mslot REMS| Al Cl2X| Tefsp | sHRgh 2 o7
oM olet 22 Brk= He{skr| ATt 4 (4)0M, ¢ 2 F2
ZAA % (thrust reduction coefficient), nporps nerppe= 224

9| Revolution Per SecondRPS), K,= FHAHZ(thrust
9_|EI|3|_H:}- 0:|7|A-| KTE JP PORT, ']P STB‘DE
o|E MEH|Rle| sk JIESINCE yp, ype FR7I9F EF
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7|27|2 2olo|5td, Z&lH|(aspect ratio)?l A S 0|23l F£H

sh= ZEAlIE 085101 =SSIRICt (Fuii, et al., 1961; 1962).

AporT: AsrppT Zel/[FEO| MRIE Eol| FAHTE A=

dk22Hangle of attack)2 7RIZICE = HERASTE, =

Levere| Zo|E ololsl=H|, S4F 27,0210 7St X127t

7(l MY pEIng S 0|8310 &5 =2 174K LNGCe| =52
Alg2{olM SHIAL SIICE

3. HAME ¥ OIS FA7| TR

= Aol chs 2| 0F MEj7H 174K LNGCo| =54
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sl § eE FE| QQEHOHH =5z AMEslold
o Bl S AT It ALt 0IE 2loh Hak2eraE oM
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2ot Al DAl ZE H|WSIGich 25 Al 7EK| Al
e ZARBINICH, 2174 357 M2lAlE, 10°/10° XIZMIAH,
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Al ASFE Mu HEE, MM ALE Muk YRS JR|Zict
Fig. 32} Fig. 4= ZZt 10°/10° X[ A&z} 20°/20° K| 22AY
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4 Zt 7121ZIck Fig. 2, 3, 48 AMTHEM A= 3
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Fig. 2 Trajectories for 35° turning tests of the 174K
LNGC obtained from simulation and free
running model test
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Fig. 3 Time histories of heading angle and turn rate
for 10°/10° zigzag tests to port side of the
174K LNGC obtained from simulation and free
running model test
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for 20°/20° zigzag tests to port side of the
174K LNGC obtained from simulation and free
running model test

216K LNGColl taiAf S AAVE XM F & Al2|= &
Mol THalM 2X[2of AlRTS sk H
(Kim, 2008). 1At A|RHOIME U o IRV 2IEL SEfSL
1, 2&F AIRTOIME 0F o FEDT SHSK] 0 FR|E
AT = HF0lME FTY|7} S
= BN E TPESIU| TEol, 24t AIFZE T|ESRE ALt A
1| EfFdE HESIIAL Yt 3

H|WSIRCE 216K LNGCe| % HARshlElel MASE=
19.6 knots O[UX[ZE Al2M Al 7| H£E0llM 0.5 knots L2
o| @At UACE ThE FXT| DEMEfolM = HAKEECE
2 02 12.0 knots ~ 12.6 knots MEe| =7 ZEolM Al2H
O =H=ACE 216K LNGC A2 Z=Z1of| S4:=0{ 174K LNGC
o| ChE FAT| DEAME] =BAHEE ZARBP| fsto], £7| &
Dot 2EE BHEMSE FHE 5 4ol AlgolMs
SIict

Table 20{lM= 216K LNGCO]| LSt 2k} A2 Z=Zof|A =
FR7| DEAMEfM SR MEMRIHHE|(advance), MEl712
O|=He|(transfer), A3|X|E(tactical diameter) Tt AR SHAEN
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C} (Kim, 2008). Table 2, 30|
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Fig. 5 Trajectories for 35° turning tests of the 174K
LNGC under normal operating condition and
single propeller failure from initial conditions
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Table 2 Comparison

between

relative

ratios of

advance, transfer, and tactical diameter of

1 ok ESH Table 3ollM= SYsH =2ollA 8=l 174K 216K LNGC obtained from sea trials
o | H =X=3 =S |

LNGC AlZzfokd Zmle| AlthH|gS HoiF1 UCt 216K 216K LNGC sea trials

AT ZTolA B3 ek 27| DMeolAE 2o , ,
LNGC 4 EL_}O“ 1282 FE| AggeiMs 2 STBD failure PORT failur
sistel Aol Pa wak 2717| DAMelolME Heta A
O Tf T TAISIZICE OjZS Aelust =877} TR U2 A PORT | STBD | PORT | STBD
_C'J_, —’;‘—Q%ﬁ@igi Ol_léH —Cl’—a.j%%kgl %-:—87[7"4_17_(“% —7l<—|'5._4t<'3|'§,k Advance [%] 110.23 94.62 96.59 107.53
O 3|XMAIF|HE BHIEY} g5l | mi2o|ct w2l Ffsigt Transfer[ %] 120.69 117.24 | 108.62 | 134.48
Sk MS|AR Sk 0= MS =, O F{HISE 7 = i
sk ME|MZTIAHE|, ME[7I20|EH2|, M3E|X|20| ReUst ZHE .Tact|caL 96 46 11062 | 9823 | 11239
off blsh AltiEo2 =olxlck 174K LNGCOHl Ch3h AlS{olM diameter[%]
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Table 3 Comparison between relative ratios of
advance, transfer, and tactical diameter of
174K LNGC obtained from simulations

174K LNGC Simulations
STBD failure
PORT STBD PORT STBD
Advance [%] | 94.75 93.27 93.56 94.61
100.17 98.35 98.49 | 100.08

PORT failure

Transfer[ %]

Tactical

diameter[ %] 104.10

100.47 | 100.54 | 104.06
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Table 4 Comparison between relative ratios of the 1st
and 2nd overshoot angle of 216K LNGC
obtained from sea trials and those of 174K
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Fig. 6 Time histories of heading angle and turn rate
for 10°/10° zigzag tests to port side of the
174K LNGC under normal operating condition
and single propeller failure from initial
conditions of 216K LNGC sea trials

A

B

Table 5= 216K LNGCOll CHEF 2R} AR ZHOA
7] nEkateoll A HOiZl 20°/20° X|2AH 2 AlEol A M
fof HaReueEiol dASE J|EeE AT Al
o828 20431 Qct EESH 174K LNGCO| CHsiA =
ol AlE2foldE Solf FYE nt=xs2ie| ol
01310 QUCt 216K ARTOA 20°/20° X2/ Al
W TARSZI0| YakRetaeiol Al gt 2ot 2
L OIZd2 10°/10° XA Ale! AlRM Zfet FHitiol
folct. 174K LNGCE| 20°/20° X1 AlE AlZai|o|Moi|
M= 10°/10° XM Al AlS2lloldnt 0RD x|z, Fakzet
HEfo| A S MTASZIRC) ChE S| Dol B
W HEASZI0| Aol Aeg FHEICE FIHLZ 216K
LNGCe| 1z o FE7t Y=Y M2 fAE 11F AR Al
10°/10° X|2x, 20°/20° X|ZMI0llA HOEl BiERkEZto)
37| HA| FekRerdElel Al goll Hloh tMZ 22 Zlopx|=
dede 2ol AAck w2 216K LNGC 24t Al2H2
20°/20° X241 A e 2f=XtS2i0] ths FED| IEEo
M YR ECE 2| 20T Table 59 2Pt EfTsiod,
HMetel Algaold e Sof FHE Z2niet dRIshe dekd
2 0|1 Acka YZElct

Fig. 72 216K LNGCe| Al2X Z7| &Zo| S5F0f 174K

[pal

=

5 M
0
J

0z

|

[¢]
o
B

mo
mo ok
HT

Q lo T o B I
o
Iz

2l
N
= =

IS

A
=

Ir

LNGC obtained from simulations LNGCe| 2&5|XM48 =HSH 5, 20°/20° XM Alds ¢+
S [ MEZio| A|AHS TAIEHA - AIME MALRSEA
216K sea trials | 174K simulations AUE O ti=e] W?E |2t Z00lef. & -
B, 18 MM2 23 5 Fr77F D& o Mel, D2 2 &
STBD | PORT | STBD | PORT E207(7} D ok Alefe] ZBiE 742t J2I7IC, Table 501M &
failure | failure | failure failure ~
! 2|5 ZAMH, 174K LINGCe| ZS th5 FE7| nEHAElolAM M
Sl 0,
15" overshoot [%]| 185.37 | 100.00 | 65.66 65.64 27k Aol & i MEo0| MAKSEH Algje] ol HlsH &
d
2" overshoot [%]| 61.19 | 141.79 | 86.41 85.43 olFl H2 Bolst 4 9ct w5k 216K LNGC A2 Zajet of
JSNAK; Vol. 54, No. 3, June 2017 209



4= F8 INGMe| BHF S| 1F MEfolMe| =

o]
7| nEkMEfOIM 174K LNGCEl =B sS FHske Zo|
7tssietn HESIIc,

Table 5 Comparison between relative ratio of 1st
overshoot angle of 216K LNGC and those
of 174K LNGC

216K sea trials

174K simulations

STBD PORT STBD PORT
failure | failure | failure failure

1% overshoot [%]| 86.90 | 78.57 | 73.87 | 73.35
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Fig. 7 Time histories of heading angle and turn rate
for 20°/20° zigzag tests to port side of the
174K LNGC under normal operating condition
and single propeller failure from initial
conditions of 216K LNGC sea trials
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Table 6 Predicted speed and rudder deflection
angles of the 174K LNGC under the single
propeller failure

Prediction
Condition '
Speed [knots] Rudder deflection
angles [°]
Normal 18.20 0.00
Propeller stopped 15.17 027
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Fig. 8 Time histories of heading angle and rudder
deflection angle for straight line maneuver of
the 174K LNGC under single propeller failure
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Fig. 9 Time histories of speed for straight line
maneuver of the 174K LNGC under single
propeller failure
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Table 7 Relative ratio between the predicted initial
track reach of the LNGC under the single
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Fig. 10 Predicted trajectories for initial turning tests
of the 174K LNGC under single propeller
failure

Table 8, 9, 102 &5 FZI7| 17+ & LEHOH/H 35 "*—‘zl/\l"4 Al
sgfold 2ot FHE o
;r_} X-IAI-OoI-AI-EHoﬂ A

oo o

Me|AlR E&F FYE Mg | IHE TAIGHL U2

etz deolMe] Z2E e = FE7| 1 é}EHOHH
Z

0|3Hzl, MeX|ge| 717t o 2 | Act +P°4 M=l
ehalEfol 3| HXT} Ho| SUSH| A=A,

T1- ool
P8 M3] HA2 216K LNGC AlRH Zrfet oD |2 Mojgt
goz olSsis ST W & ik

Table 8 Relative ratio between the predicted advance
of the 174K LNGC under single propeller
failure and that under normal operating

condition
Advance
Condition
PORT STBD
ORT failure [%] 97.15 98.56

Table 9 Relative ratio between the predicted transfer
of the 174K LNGC under single propeller
failure and that under normal operating

propeller failure and that under the normal condition
operating condition
Transfer
iti Condition
Condition Initial track reach PORT STBD
PORT STBD
PORT failure [%] 88.91 92.60 PORT failure [%] 99.52 102.82
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Table 10 Relative ratio between the predicted tactical
diameter of the 174K LNGC under single
propeller failure and that under normal
operating condition

Tactical diameter

Condition
PORT STBD
PORT failure [%] 99.97 105.50
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oL
Fig. 11 Predicted trajectories for 35" turning tests of
the 174K LNGC under single propeller failure
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Table 11 Relative ratio between the predicted 1st and
2nd overshoot angle of the 174K LNGC for
10°/10° zigzag tests under single rudder
failure and those under normal operating

condition
Overshoot angle
Condition 15" overshoot 2" overshoot
angle angle
PORT failure
76.13 84.30
(to PORT) [%]
PORT failure
67.56 97.04
(to STBD) [%]
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Fig. 12 Time histories of heading angle of the 174K
LNGC for 107/10° zigzag test to port side
under single propeller failure
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Fig.13 Time histories of heading angle of the 174K
LNGC for 107/10° zigzag test to starboard
side under single propeller failure
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Table 12 Relative ratio between the predicted 1st and
2nd overshoot angle of the 174K LNGC for
20°/20° zigzag tests under single rudder
failure and those under normal operating

condition
Overshoot angle
Condition 1%t overshoot 2" overshoot
angle angle
PORT failure
(to PORT) [%] 68.99 %819
PORT failure
85.89 103.43
(to STBD) [%]
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Fig. 14 Time histories of heading angle of the 174K
LNGC for 20°/20° zigzag test to port side
under single propeller failure

Fig. 15 Time histories of heading angle of the 174K
LNGC for 20°/20" zigzag test to starboard
side under single propeller failure
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