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Recently, ship owners are requiring an assessment of sailing safety of a ship from an analysis considering maneuverability and

environmental loads etc, In this paper, we propose a new approach to assess sailing safety by considering the prescribed

parameters, The concept of sailing safety is developed from DP capability analysis and is based on the maneuvering simulations,
While the ship is continuously disturbed due to irregular environmental loads during the simulations, it is steered to keep its
course along the way points assumed along a straight path, After relative distances between four edges of the ship and

allowable safety boundaries are calculated for 3 hours, the minimum values are obtained, The minimum distances are marked on

a polar chart and we call this a quantified safe operation judgment chart which indicates quantified sailing safety,

=

Keywords : Sailing safety(23IF), Maneuverability(ZX), Environmental loads(2H461S), Minimum relative distance(EAMCHA

2|). Safe operation judgment chart(2SRHHIEHXIE)
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er=o| o M0 Ax== tF2el Mer2 Fafzl

ZE w2} thollM slisk= Z4E0]LM(container ship), LNG

M(LNGC), R=M(WLCC) 32| tie AdHfolct oot 22 M2
2Eeids SHoM St =520 2|28} & 2 AR
S 2 20| PHHolct met MA| K2 J|FECR =z W
4n M3|, x| 5o ZEHel =EMSTE 15t MA|, F
27|, Et HAE ol Ut dexoz Mule] =Tds Eot
= THGHARPIT(IMO) MSC.137(76)0lM HMAlStE U=

(IMO, 2002)2 wh=ct MAZZoMe| =J|MS|AIE(initial
tumning test), 35 A3|AIE (tuming test), 107107 X| 2 IAIE
(Zigzag test), 20°/20° X|OXIAEHS 3510 o=l AI”ZGE
o IHBHAP [T HEE v|uEe Rl MAE Muto| =E

SS GIRICH AlS2old, REAE, A ANt 22 U

2 0|82 = U=l (Kim, et al., 2001; 2006; 2009), ZHAIH
2 seHoz V| APt 2RE olol Thsstal, AM AR
T Meo| ol=s| Aol $E 4 Aok IHT| o,
Z7| A FE =BMs 7I1ES| 2 047 E HESP|
flslo] F= AlZ20l8E 0|8510 MAIE MHte| =FM
Yokl Ak AlS2|olMol| 22t FHHD|ATE 27| 2
Clefeh Mufe| FLEHPAIR HIE 37| 248 ZEMe

Spl= e, 2

k
or
o

2

[© 2]l

l
MALFA| 245K computational  fluid
dynamics)S 0|8510{ JHAe| T2 EHAEE Tlske WHO|
Hot=|7|= SICt (Kijima, et al., 1990; Sung & Park, 2015)
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ZY2 IMEIAP T 7|F=S ptEE 4= U= B9 ofLillM &
sl 7|Htoz $alElCt tiEMo=z 2H|ME8 3 (International

Association of Classification Societies)ollA] EF H& 3l E} EQ
3E FMsl= A M3t Ut (IACS, 1990). =2 Ef

=
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2HHstE 52 TEXOZR 1250, FRslE RERHMSSE Cl. Table 10lM= CilAF MEte| M|, FXI7|, Efel = MeYUS
J|Z=0z E} M2 AXslelEl= U MFEEE FM7|ED HoiF ot 2254 (revolution per minute, RPM)= 1&
QUCt X2 $MEl HF TEAIHS A0} H|Wsk= A 0[2 Sote| FXV| 3|M4=E 7RelZIc
off REMME Totet 4= = EXPI §lo], AEXl 40 CiatMetel ZE2ES ZAlP| 2I610{, & AA70Me= 4]
o|&=5101 Ef MAE Al Qlch o= 2512 22 Mk (M 22 =Z2W™AZ ol8sIct 07| me 2E
25 Sists Mulo] 2BORINS Daislof, BF el MEA 7, = AZWMOMES ofn|sicl , vE 22t 5 wa g
2 Hylsl ekel= @ oly|= & X o0 25l [ N . N oo .
S e S S SRR ST TEVIE  we sg okbiot 4, b2 el Azt eblsic
SI%CH (You & Kim, 2016).

2 ) ) . L r2 Mulo] BISAIS J|FoR Mt ZEEE, r2 2

2 =R0ME e 22 MU o0 tigsk| fIst 7|= 3 _ )

. ) _ _ Zo| AlZMslEE JRRIZICE X, Y, N2 Z#ZF MAof =25}
PN, ZEMET} 8 SFF 52 Dol 2TeRINSS o et a1t ot A
L x dis HI5kE 517} PHIEZ ojn|s

SA|51E KBS BABHS Woks JHursinAl #ich oix Aulo) X &,y T B SUSS Sl
TEE2SS ZABP| 2lsi0d, 22 HE U B2 A5 7|
OLIAIS LAt MEtoz oIS 2a4siict Tk A Aute] = m(u—wr) =X (1
Sess AlgaolMst=r| Test SAolHfet e gl mtur) =Y
= ABAIS 0|25l0) ENMBIACH (Kijima, et al., 1990; Fui L=
& Tsuda, 1961; 1962). M| XM&+ 2 7l o H$E= thex
Ml EEM 7iEkS 2|slo] $8igH ZE|o|LMe] 28 Table 1 Principal particular of the hull, propeller and
AlE ZLE o[23IC). HANE] xE20l tisiol ZSE £ rudder of the container ship
SRS J|HoZ HiZh} =7 42 SHSE S FIKReR 1 ltem Container ship
2{5iQCt & skEAlTE dEAlIg 083810 FYsIRien, 5 Length between perpendiculars
AT ERIS 01Z510] ErA/3t Hf2l2 MAGICH (Fuiara, et (£,,) [m] 375.00
al., 2001; Anderson & Lgvseth, 1992). HEIHEHH(beaufort

' ? ’ ) = Breadth (B) [m] 59.00

number) £ 7|E2 2 Sr&|SHHZlo| Mile| &AM s o]

= ofste u|WAIgIC T2} gl XA, 2 knots ZEIF M Draft (7) [m] 16.00

S&S= BAT =1, AT

T/Mo| whshollA AkE =20l tisiA AlXEDE HESIQ Block coefficients (Cp) [-] 0.71
Cl. =Z2SWHAloA Mufm =Fe| £ 3 diaks n2{st Design speed [knots] 21 00
o, %_%iﬂﬁﬂ‘% Fsiaict (H\Afang, 1960). Diameter of propellers (Dp) [m] 9.60

RENMSE Ik | I8t AlS20[MofA] CHAMMERR 7}
Mo A2 w2} FFIShe AR JIsIon, SrElE bt Pitch at 0.7R [m] 6.70
2lo| ofslof| miz} Muto| M4ztnt 9Ix(7} Yopt mete=X|E RPM (PORT/STBD) [-] 67.6
J|ECR RSN ES HWotetIA} sIct ESE =Ro| A2 Rudder area [m?] 60.0
akelof| (2 HskS HM|SHEl =210l H|wStaX} SIICE 7Hake|
ZzE 7|zoz glustoz +0 NmileRtEe Adlo| 28k5l=
ZAHRIZ JiEst F, MA|e| #e2fEo| ZAME} o|F= Hel %
£ Hikiich S1&Is Hi2o| MAol| A&t 47| o,

Mulo| Z2HE ul2t XMooz 0|s5P| flsiMe =EF 397t
O|F0{xo} st 047|M= HXMOE O 23IRUCH (Hasegawa
& Kouzuki, 1987). A oigsh dstEol 2831, 3A7tE
o Mulo| A2 ul2} Selie uf, chakdutol X o2t A
HMo| FX|Sk= £ H2lE IatEA ZEE 250, 0l
Rt X|E(safe operation judgment chart) 2 W51
Cl O] XIEE 7|ZEC2 FOIFl REEHOIA Muto| Ratok
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S0l gt o AN Zole) Aols BHSP| Slslod, AR
FRHAIY ATl 20| YR HFE FHSRCE o7 IAtE of
AMste] MBI % XN AR TIEOR ¥, N,
g st

XHZ—m(,L.{H- (my+XU,.)v7"
1

+ 5 (pLppTU) X, c08”0
YH:—myiﬂr myur—+ YH(v',r/)
NH:7 ‘]ZZ?.”_‘_ NH(U,,T,)_F.I'GYH(U,,T,)
0{7|A,

’ ’ 1 4 ’ 7 ’ ’ ’
Y, r') = E(pLPPTU2)(Y,U VY Y+ Y, 0

Vv
+ v, P+ Y, v+ Y, )
’ ’ 1 ’r 7 r o’ o’ ’
NyW',r') = E(pLIQJP TU* (N, v+ N,'v'+ N, v'|v'|
+ N, 7'+ N, v+ N0 )

©)

Al (4)0llM, t2 FZAAS(thrust reduction coefficient),

=
Nport Nsrppe 2442l ZEE|H(revolution per second,

RPS), K= FEAF(thrust coefficient) S 2lolsict 0f
K= Jp port, Jp, srap® EIE TR0 &2
SIUCE yp yp= FLVZIRH EDL B SMFORTH & et
o2 oAl AH2|E 22t 7lelZich £ w, e M FRE

20t M 2T A= 20l et FREFEASE 2loleit

Xp =0~ t)pnporDpK1(Jp, porr) (4)
+ (=) pnrppDp K(Jp, s75p)

Np=yp(L=t)pnporeDp K+(Jp, porr)
—yp(L=t)pn5repDp K(Jp, s1up)

047|A],
Ip, porr=u(l—wp)/nporrDp
Ip. srpp =u(l—wp)/ngrppDp

Xp=—0—1tg)Fy porrsindprorr (5)
— (1 =tz)Fy srppsindsrpp

Yp=—(1+ay)Fy poricosdporr
—(

Np=—(

1+ aH)FN, STBDCOSOSTBD
Tpt C‘HCUH)FN, PORTCOSOpORT
- ('rl-? + aHl’H)FN. sTBDCOSOsTBD
—yr(1—tR)Fy porrsindpory
+ yr(1—tR)Fy srupsindsrpp
0{7|M,

_ * 2 772 :
Fy porr=0.5 pAg Uk rorr CL,aSIHaR,PORT

Fy srpp = O~5*PA12? UIQ?,A,STBD Cp oSinag grpp
o = 6.134
Lo A+2.25
Qg porT = OpoRT™ v(B— ZR,T’)
QpstBD = O5TBD — v(B— ZR/

=
20| e glo| AEsk= fIxIE 2lble
Up rorr Un srppe BRI ASIE #Al2] S5 J12/7Ict
C, 2 YA 7I27|5 olnlsid, E&H|(apect ratio)¢!
AE 0|3310] FH5k= deAE 0|33l &S3I3Ct (Fuiii, et
al., 1961; 1962). apppr Cgrpps S/
of FAZE AASHE BhSZiangle of attack)E 7RIZICEL =
HFATE, 5T Levere| ZO|E 2olsk=tl, &4 22,0212
7¥dsict,

XS] Myt +2¥ S 0135101 thafMHle| =E2=S
AlE20lH 310i, peiRdo| EiFM S HSBSIGICE 35° M3lA|
&, 10°/10° XA, 20°/20° X|ZRTAIES] AlS2j|olM
et AMRekr DYPAIRZARE H|WSIQict Fig. 2& 35° M3
Aol MeEE AIEiE 2oiF0 Aok {2 AREE Z@A
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Fig. 32 10°/10° X|ZMIAIETE 20°/20° X|IMIAEHE 53
She SoF M2iof AIAIES 20iF0 Qlot ARt 32 A7
e DAl Al AISE Zi24e| Mapziol AAEE TizlZict A
F1E A2 22t ALE dp2io] AlAZE 7127t &
Hi2 282t AlZ2{0lM Al Efio] AAES TRIZICE AHlME
| KESEIE D8IA[E ZDlof & k|3t 2 QIEE ZHBAl K
§__|
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2oz o°l'
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Fig. 2 Trajectories for 35°
container ship

turning tests of the

[ ] Model test (10/10) - Psi
Simulation (10/10) - Psi
Simulation (10/10) - Delta
Model test (20/20) - Psi
o ~- Simulation (20/20) - Psi
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Time [sec]

Heading angle, Rudder deflection angle [deg]

Fig. 3 Time histories of heading angle for 10°/10°
zigzag tests and 20°/20° zigzag tests to port
side of the container ship

2 oiTolM Defsls BHER T I, v
olck. e B4 AmERioRSE EAE SEE 2
5o Reisich, H2l £E2E0| Atisls St 453
ara— 314 @42 Je{=Qlch

= AHEEE JRRI7|0, Wrwinde Mo YAlEE AT

=

rwind Vwi'ndcos ('(/}wind - w) tu (6
rwind — VwindSin ("/Jwin,d, - w) +o

_ 2 2
erind - \/(urwind) + (vrwind)
_ -1
wrwind = tan (Uru*ind/urwind)

v

AL(TOIM Cy, Oy, Cp2 MERR| X, Y, NEEE ZESIEATE
5 712

- S
7RIZIck 4,= ._1 P_I M0 9|Zo| Zusk ENinXS
S o

1

XW': CX ° 5 * Pair * AL * I/rzurind (7)
1

YW': CY * E * Pair * AT * V?“Qurind
1

Ny =Cy o * Pair s Ap s Loy » Vr2urind

H Asp| flotod, 7|& A9l 25

ABHEZS 0|2519Ct (Anderson et al., 1992). & (8)dllM
= 7|&0| == ‘_‘A% olojsi, = HIEC| 7|F =05
JRIZIeH 10 Qich EHEHH 33} 62 7|ECE
Z st52 2SRl sI¥=n ﬂ, 212t Wi 0| 8.5 knots2f
23.5 knotsO[Ch. Al (8)2 7|FC=Z F &5 =70f| CHallA MM
£ ABEHS Fig.40AM 20oiF1 Ut AME Z£ 85 knots
FHo| AHEZS 11X *HA % EZ 23.5 knots =712| AHIE

. SAIlZbSe MY

Fo.5% 7+0| s sigiol 44 4 2Ic
e gl 258 5

t—'|*°| X, Y, Nt”°k %f#:sﬁl-r% olo} St ZHAIS 085104
Z15 ATE FHsI=M, 7|& dEalel FHo| sk i
e Table 201A X*EIOPOC‘EP (Fujiwara, et al., 2001). Fig.60|
Mz &= ¢y, ¢y, CyE B0iFEH|, AME 05, 18 AlM
2 0y, BM2 10x ¢y2 7117 =F= A (2)1 22 el

, Mol 2-8sts SRAES AR I MUiEEe| Jigez

B

25t (Hwang 1980).
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Fig. 4 Spectral density under Beaufort number 3 and 6

20 -

Beaufort No.3 (8.5knots)
Beaufort No.6 (23.5knots)

Wind speed [m/s]

L L

Time[sescnfo
Fig. 5 Generated irregular wind speed under Beaufort
number 3 and 6
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Table 2 Inputs of the large container ship to predict

wind loads
[tem Container ship
Condition?kﬁ(f)t\;v]ind speed 85 235
HBR [m] 43.0
C [m] 9.75
HC [m] 24.7
AOD [m*] 11445
CBR [m] 14.75
Front area (A ;) [m?] 17338.4
Side area (A4;) [m?] 3114 .4

Cx, Gy, 10°Cn [-]

) L s
30 60 %0 120 150 180 210 240 270 300 330 360
Angle of attack [deg]

Fig. 6 Wind load coefficients obtained from the
empirical formulae

Al (9QoliMe =RIE Aol Al=ls HUSEE TP
QUL O] HEE 7|FCZ MAof| 25t SRAHS

C}. urcurent= S| MUIEZEE, wrcurents 2I9Ek0| AlTH
&8 Ji2|7ict

u = chrrentcos (wcurrem, - ¢) +tu (9)

= I/currentSin (wcurr(:nt - w) +o

rcurrent

reurrent

iAol AR w2t HH2TS 5P| Sisted, BXIHO]
£ mgsigict Mol PDHOP |l & BF2, PAlelnt D
olg Mufe] mAZel HXAZY Ho|, MEUSTE Fplsh
of Ao WERIS ZSHE Weolck, PDHOP|2l Al
of ufet Mol ZESS HTo| 2 Ko} U 4 e, 2

At Mol s 7|Hes HHERIE AYske HXAMoiE

HgatozN AMH| 2etetds n2{5tuA} si%ict =30 T}
HollM Mute| 2ehiels fRlst=H HXMOIE XMIsP|T
SIFCH (You & Rhee, 2016)

=M E 280| 7tSStESE  AS2IRIFAIE(dynamic
positioning system)& EXisk= A7+ Uct =ML = 2zt
9| SHUFEZO0| AISIXIFAIEAIE BMMS I, 2ol 7=
st =HE =2ZFAZ EASkE XSHRIFAIMSAIE(DP
capability chart)& 2SI} (Hendzik, 2013). 2AMZDE J7|1&
o= oMst R8XS HESIH, MAHAHO| SAPYO[L

8 J71ES dspl| Fot 2 AFME fIXIE FXISkE of
28 d5Ee| wel| met ASeRIFAIZ 7kset Fd
o]

S35 | lstof

(=X
=
X, AlE2fole

5P| 2lsto] dBfo| FSafokske d2EE 7HESIET, Fig.8
OflM 2= ZME oietusle] IEEE 7|82 127t 0l
g 5 s 2 RiEe| e Fudo| Zd2Fol =it
BEFO| 7142 dufof ket ol E 2ol B= 2ol 3l
A=le ZHEHE oFe| i ZAE HISIACH (You & Kim,
2016). MHfo| 2ekshs etz 2hsp ==, vigel %
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