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. BT AEnAREAR $
Cy  #HiEd 15 ¥
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F,o ezt h
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Fp ez @gh
Fr fezin@ 4 A (tangential force)
g FhhkA
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FEAEZ MM RZI R TFETRALE

, W& B EAZ 4 (earth-fixed coordinate)

$F 4% 55 3E
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MUBETERLAZIR AR ACZIZ 5 E
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o BB

feZ MR VIER
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HRBRAABERELE HEANRMFHEF G EL RN E
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JE R BAE 09183 o
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ol BB RBRATMAR B A BRBIE SRS R AAA—ETF
BRRGBARABEG BB E R4 0
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RABIBERRZARLALET S AHERL AR -
B muh\jﬁ—l‘—k4’1‘f‘§‘fxiiﬁ%ﬁni‘a 7, Viﬁ%iﬁ-%ﬂg‘ H#k’f'j'lgﬁi &
BAIFEZR ©

FARFNARBERBENE L4 S FRAB AT E S
BRBEE, ETRABBMAESEERTE AR T
B, $ERBABREEHRAMBAI YRR TR, AP iE—
TR RBAPRZRBERRRERZI T o

AXEAGSNF o F—FWT, F_FN@BAEEEX,
ZFHBRAEA A EI ek ki, B ﬁ‘dﬁﬂfli‘\ﬁf&z%&&
B, 2SI AAMEAHZIMA, ExTsma ik,
FEELNETH, ENTLLEH o



Fo% RBRRHEEX

AEERA(NI2)2 2458 AMCZHERR » EHF X545
B FPREARENEAGEIELSEG FAEX o ssb > EF BiEgBAE
PREABXZ TH (KRB (steam turbine ) R 1K ik 28w # ( low speed
Diesel engine) ) X F ¥k ¥ o

B AT A X @ AARAK P ZIEAEEE S > BiEYoshinura(8) =+ %, %
Flbkw %L/S #8 ﬁﬁ muﬂaﬁ’f?ﬁ(z%ﬂcxiﬁ s B IF T 38 #]7-;}\/%7}(#7(’}5:%@?/]
PR o

IR R B 21T o M HB L EAE A (earth-fixed coordinate) &
OXoyozo > AEREE € HE#E £ (body-fixed coordinate) &Gxyz o 024 3
HEE—ECABREC, 0z8E AR GH.C, CxBEABIEAESHHEG
Lo BEARFHFIT o RE

(a) K ABRABEGHHAABRUEHZFEL] > ToK o

(b) #Ai@AZ F 2 424K (heave ) 4¢3 (pitch) BEHE v » T A% »
ZHARE S B 2-27F ©

(c) Gxyzghif A AR = 1M £ (principal axes) , WA HFEE —
FEE# (Newton s second law of motion) 4T AALEE B & &
REARAMEZBREG TR T

m([z— VI‘) =X

m(1'/+ur)=Y (2-1)



I,,F=N
Im }')»:K

(2-1) XFX> Yo No KRR ERMERAABERZIxE S > yEI A1 > 2R S 4E
Bxe1 4B mEBRE T LB« A NS0z HoxMZ H E1E M
(mass moment of inertia) ; u~va-Rl&AE &0 Eik & A Cxdn i
Cy$eZ 58 ;D In A AAMETER LB ARAE ACXIECZEZ 5
Fo—&MmET o AMMMITRER K 3K ¥ £ (curvature ) X HET 2% >
HpHREARE > rBETFHRAREZIMETE/LLT !

p=9
rcosg =y (2-2)

A—fRRATEEIFRIEA TR > cosg=1 > #r=y o Bk (2-1) AT
AR AR -

m{i-vr)=X
m(v +ur)=Y (2-3)
Iz W =N
I ¢=K
ERBEERGFTRATATLT !

(Fpp + 1, )0 =0 (2-4)



(2-4) AFQAaERAAEENE (SBYE) 2484 71,5882
R4 ( polar moment of inertia) ; 7, Ai2ik F MAUESR > 34 4 2 35
1B MESE o

(2-3) & (2-4) REKAZ#HN ) > TE—F 5L !
X=Xy +Xp+ X+ Xy + X + X,
Y=Yy +Yp ++Y, +Yy +Yy, + Y,
N=Ny+N,+Ny+N, +N,, +N, (2-5)
K=Ky +K,+Kp+Ky +K;,, + K,
0=0,+0,

(2-5) X+ FAEH>P>R>¥W>W,CrEx Bl kA58 (hull) > 3Z#%
(propeller) » 4 (rudder) » J& (wind ) » &2 (wave) » #8:% (current) »
EM# (engine) o & (2-3) X » (2-4) K& (2-5) X TIFH BASAUES
B~ PR RERELEGHZ EOEHFT LA T !

mi—vr)= Xy + Xp+ Xg+ Xy + Xy + Xio
m(f/+ur)=YH+YP+YR+YW+YWV+YC

I776W =Ny +Np+Ng+Ny+ Ny + N¢ (2-6)
Iyx$=Ky+Kp+Kp+Ky + Ky +Ke

(T rop + 7)1 = 05 +0,

-5-



(2-6) XA —4E R > IS T AndeE4-14 » BP 5T ) B B48 4% &
# ( numerical integration) Mt ZfF/3 A — Ml AnAniE s fne)
KRE -ABEBMLEHFAEX (2-6) X4 > EFTHERANLREEE
HARZ BT

X, = UCOSY — v sin W
Y, =usiny +vcosy (2-1)

By (2-DAZ8% > FRMECCHREANGE T EZEAZRE &
BT HSFECCLEIMIT o 8B AH RS R Z PR A A
( drift angle) X O EFRTHEBMIEHHRE—— L5 o



FE=F BRIN

ATFTHARHERRNIAZHERK (1] [2) h—FER® o
-1 ZHMARS N

B A EARRR A AR 7 %1% B (hydrodynamic derivatives of hull forces)
Z 3 F4a4kM (frequency dependence) > HEARA0Z BRI E $hik 218
*E#/FE42 (past time history of motion) = % » FREPAFiS ey e task
J& (memory effect) o % BBz M > BIESHHFAEK (2-6) XM EA
Mo X (integral differential equation) » M X2 » £
B o R—BIBAEGEF R » AL FH AT > FHEKRPIRHEE
BB ED > TABE o Bt AL A FRK TS 2 ILAL AL B3 R
BEHREA M > LB B R TR (quasi-steady) REF K o A+ A
HFAZEERARLFT XL BRI ANE S o

R KB FRAREEHN » LB ARGNTEATS
Xy =-mi+(m, +X,, or+1/2 pLUR (X[ v + Xr? +X;m,v'4) + X, (u)

Yy ==myv=mear+ Y2 pl?U (V4B +¥,r' + 1, s BB+ Y Bl |+ Yl + Y59

_ , (3-1)
5810+ Vg9

Ny =T #+12pLUNB + Nir + N}, 1

)

f,|+Nf;ﬂrﬂ’21.’+N/;nﬂ’1"2

¢l

+N$¢'+N}:|¢:'B'¢'!+N;;¢;f'

Ky =) o= N(3)-me-T0)-1, 2,



EXF B =—tan”'(vU) > r'=rLJU > X'=X/%pL2U2 ’ Y'=Y/%PLZU2 ’

N’=N/%L3U2 » v =vfU -

m_ A&

m:ﬁﬁwﬁ%%

J. FHEMWEEIEMLE

X., AN TG E SRS AR A B
Xop D BB AG T B E S PF 5 AL ZE /38 hu 1 B
X, L AT BEH T E AL RS M e E
X © BIANMB AT Sy P 5] A2 2 MR 38 Ao 15 B
Yy SRR 6

Y, D BMAMIAR N 15 #

Ny L RMERR R A 4R R

N, CBMAMMEE NEER

Xo(u) : ABpaE RS

K F mor X QA0 H & m, PF 51422 x& &0 # (centrifugal force) »

LRERBREGTBRERZER o mur RHAMAT Bm F3likzy
RS T o

Jo REBEM T REIIE | -No) REBERR I | Z, 5 %0

RERBAERABRECCZEEIEH® o

FEGFHEAGRRBALAMZAAEETEZERL > 8] (3-1) X+

BORLIER A AR BB RAARHZEIR AT RKIFH o
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AXFARETERRIARAECC EHLEZRRFRIEZATESL

Nyo =~ st + 1/2pL3U2(N,;,B’ + NI+ N1

[,I+Néﬂ,ﬂ12[,+N/’1”ﬂ’f,2

+ N + N Bl 1+ N ol

)+ YyoXe
(3-2)

NP Jyp HAMHRECCZFRMAH BEMLE ¥, BBAFIXER
Yoo KRR ABEFE A7 >

Yoo = Y2 pLPU (T4 +1r + Y 1B+ 05, B+ V) (3-3)
(3-2) Xt (3-3) X¥ > MR AFEEY St RiGH o

3-2 EEH

3-2-1 ¥¥c, ~c, M8

BRZEWRETH A EER o TEEHR 0.TR RIASKkEH A

(' hydrodynamic angle of incidence) g, =tan"1(0‘7l;:DpJ s B — ~ =~ =~
g R FR 25 # R A

F—%M% w0 0° =5,=90°

F%MK D wlon<0 90° =p,=180°

FEZHM D uc0 > n<0 180° =p5,=<270°

Fo MR D u o >0 270° =p,=360°

BRAQBRR BN RBET LA TS

_9_



X,= (l—tp)%p{[u(l—a)p)]z +(07mD,)’ } x 7 D3Cx(B5) (3-4)

5

0, =21/, i - % p{[u(l -,)| +(07mD,) } <TD)Co(B,) (3

K1, B 73V 13 o Troost-B 4 745 4 348 < 1@ 85 A 4+ 44 Sk
(10] [11] o #s7#An@aaamer - Bu> > n<0 - L/AH%A Lifc, » ¢,
# g o

(3-5) X+, RELZ MiimEH4 (added polar moment of
inertia) » —&TRAFLIBEMLEZ(. 254 o

3-0-2 ik, >k, BEk
EFMATRKRTFWO » n>0 > B HHipsETET L

X, =(1-1,)n*D3K,(J,) (3-6)

Q, = —znjppﬁ_pnzD;KQ(‘]P) (3-7)
Troost-BAZIZ &k, » kMA@ T+ 52 8k [12) > VAUA 72k, > K,
HREFEARSF U [7) c A RRALELBEMELTH - 8k, »

Ko TAFFI =k 3B AT

K,(Jp) =a,+aJ, +a,J;
Ko(J,)=bo +bJ, +b,} (3-8)

3-2-3 S EHEE AT AL A R T4 A

_10_



AMEPZ A SHEEERN - BEN TR AR N RBE BB HIRT
WAEE o 2ER LM A RGE (reverse flow) ) REAEI
B BMAEL R AHBIBANH  FLELE T THMG Ay, ZAHEE
ZAGRA BRI PFRALEN, oV, AN, FERAHTERABR I EHZY
FoXEXERTFOEHIYE > Uy, AN, TAFAT

Y, =pn’DyY;(J,)

N, =pn’DiL,,N3(J,) (3-9
KFJ, =Ulnp o BAEARZ Y, » N RAERBLERSF 5 [14)
3-3 #Ah

R RGAHMBARBLEZR G B ELHIRORIBROTTHR
HECRBBRIKXNZESARILTHRIRETRANRARL c LS4
AABEBERR T » MMIANATSHBRBEEIFEER  WEBUEAR
XA BENRREIABNRLA o

3-3-1 MEIAHBNARERLA
H—BREREH DT > RIFGABNARAELK » RAATT K o

R FERBGHIMBRANAZIBE > B u=lUe I A RNAKA
T B K

/.
aR':.6—CP-CS(,B+ ‘f;j’] (3-10)

_11_



X¥ 2 6ARA CRCHFAEER T BRI AHKEMSR
Cr=[1+Ce)] ™ * C =72/(1-0x) * &(s) = k2 - (2= K)s]s/(1-9)" © A4
B¥ C,30.935 > | AEAHF 31,065 ° s HIF LB A (slipratio) > w, 4
MLABIFAGR > nBRREEREEHI o HEFRBARAHT -
hfﬁzy,%gﬁﬁzﬁﬁMﬁﬁﬁo%%%%,g#w~m%?o
PR BERER > By <10 crAMMEEERAZBEAERA AECIHZ S
FoUARBECHHRE c pABRRAA  ABRECHERE LG

W g o

B ESHH fEX A RN ARE IR MO RN ARE
Do ARAAITKR s REZ A RANARE T FTEE

Up=U(1- 0,1+ Crg(s)]” (3-11)
RXZABFAGREIHEHIPERLR > TATA
@ = @ o exp(—452) (3-12)

XY wp BB BB A RIAFER © 0080342 o s

. 1 ¢, r
ﬂp'—_.ﬂ+'2— R ©

3-3-2 FAkRkEik
4 HE3-1 BF

Fr i HEZHZN
F, i RZFHA

Fp D #eZ A



Fy - e E@#E A A (normal force)

jol :%‘z’w@%ﬁ)ﬂﬁ ( tangential force)
A RIYB A T FHE
Xp=—(l-tz)Fysind (3-13)
KT > o AR RV IEE > (1-15) 907820, 82 A o
TR E LA B ’ CERMAZLEMBEFEEL S - LA
(cross flow) » mABIZ B AR FEAEF AN A E o F b

SRMNERBZX ZEARNFN B xyp * 2 B E ARG H Fy coss 2
i & ay, 2 BRI I BB I T FTHE

Y, = - (1+ay)F, cosé 3-14)
RES| AR Z 623 CXIZ A ET E B TRHE

Np= —(1+ay )x. Fy cosé (3-1%)

Kiy= —(1+3H)ZRFNCOS5 (3-16)

(3-15) K& (3-16) X F » Xp Y Zp BHREZXX~LEARE o HEIERAF,
Z X Tk TF :

Evzép4¢@cN (3-17)

(3-17) XFPc, AEA N ER > 4, BREH o #EFujii [15) =&
BHR > T RAKR

_13-



= A6i32/;55inaR (3-18)

N

Q-1 P A ez BTRIE > (3-17) X ¥ v, 8 (3-18) X ¥ 4,
THR (3-11) Kt (3-10) X K% o

-4 EMHFH
3-4-1 IE8BFx & Minis

EHIF L E MR A 0 B R AT X R o SHEMKIE S MR KRB
B HRIHBLT

(a)fkik 52 b #

KRR RZIBIBRHMT R FTHoTF |

n (3-19)
(QE)max N < O’lf (QE)max < }Q}’I

{\ng,ﬁ =0if (), 2|0

QE =

(0) Bz meEtamn o

(b) %%
EHEFRABRRZ B ERBEMET LT

13
. PS™ )
n = [ PS. j “Myor (3-20)

. PSP
0" = . )
0 ( PS‘\.OJ Oror (3-21)

‘14_



—n+2Ryp

0= (*—_JQ* (3-22)
~n + 2Ry,

AF PSREMAMELZHS o NORRZMEF 7 o
3-4-2 ldEEr E AL
(a) 143k 5 i

PPAGEY » ZMAEIFIE ~ B2 IRF o X EMAAR A KB L0 M
R LA B — T 5 5 FFI = Pfx

PR D T AEIRIE ) B R A R A
E =QF("=’e)

FoMER AR AREREEE R HA15~30RPH > AT A
(braking air) » vAfeig{S.bdb A 2 B4 » 345 8 & 45
ég ’ QE =QA(">’2)

FEREE A d A IR IRIE o L KO NE 0 BRI RIS > hoik b
,%{fljﬁ ’ QE =Qo(n’te)

MEIMEBEZBER ] ABARER TAOE L% % 25
M E SR LM EE G ERERABBHYT]IN2H E2
230% o —MRIKF KM BT B XEEE AN HARBKEDEH285%o

(b) AR B

1FABEF > 0T E 4% 844 (ahead turbine ) Z A5 4 » 3% /A 45
BB (astern turbine) o W@ ¥ GEHE £ A4 EE04 o

BB RAABBRI B ERIBEMETERATT

_15_



* s )
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% 4-1 ESSO OSAKA % £& R~

Length overall
Length between perpendiculars
Breadth molded
Depth, molded
Draft, extreme
Block coefficient
Prismatic coefficent
Midship coefficient
Waterplane coefficient

Rudder
Number of rudders
Rudder area
Rudder height
Aspect ratio

Propeller

Number of propellers
Number of blades
Expanded area retio
Diameter
Pitch

Engine
Type

Hull

_33_

343.00m
325.00m
53.00m
28.30m
21.79m
0.8310
0.8323
0.9984
0.8600

119.82m?
13.85m
1.539

0.682
9.10m
6.507m

Steam turbine



% T-1 T8 it SRS A A AD R BT

s F (M) e THH(%)
10 ~ 20 | 0 0
20 ~ 30 1 0.172
30 ~ 40 . 16 2.744
40 ~ 50 1 0.172
50 ~ 60 3 0.515
60 ~ 70 4 0.686
70 ~ 80 18 3.087
80 ~ 90 63 10.806
90 ~ 100 37 6.346
100 ~ 110 113 19.383
110 ~ 120 154 26.415
120 ~ 130 30 5.146
130 ~ 140 3 0.515
140 ~ 150 33 5.660
150 ~ 160 11 1.887
160 ~ 170 14 2.401
170 ~ 180 15 2.573
180 ~ 190 25 4.288
190 ~ 200 19 3.259
200 ~ 210 1 0.172
210 ~ 220 3 0.515
220 ~ 230 18 3.087
230 ~ 240 ] 0.172
>240 0 | 0




kT2 #HRBRIETERT

Length overall

Length between perpendiculars

Breadth molded
Depth, molded

Draft, extreme

Block coefficient
Prismatic coefficent
Midship coefficient
Waterplane coefficient

Number of rudders
Rudder area
Rudder height

Aspect ratio

Number of propellers
Number of blades
Expanded area retio
Diameter

Pitch

Type

Hull

191.00m

181.00m

29.50m

15.76m

12.13m

0.8310

0.8306

0.9984

0.8600

Rudder

37.15m’
7.71m
1.539
Propeller

0.682

5.07m

3.62m
Engine

Steam turbine



k) 7-3 RERELERLZ ]

%% =4 R 7
Bik | B& k& ke |88 k& || R =
(m/s)|(deg)| (m) |(deg)| (s) | (m)
EX1| 15 | 270 | 3 | 90 | 8 |[99.84| v ARG TA
EX2| 15 [ 270 | 3 | 90 | 8 [99.84| v A E A BEE
EX3| 15 | 270 | 3 | 90 | 8 [99.84 v | msszssa
EX4| 15 {270 | 3 | 90-| 8 |99.84 v | SEBE AR
EX5| 15 | 180 { 3 | 90 | 8 [99.84] v BB EG SR
EX6| 15 | 180 | 3 | 90 | 8 [99.84| v AEBE A BT
EXT| 15 [ 180 | 3 | 90 | 8 [99.84 v B E AR
EX8| 15 | 180 | 3 | 90 | 8 [99.84 vV | BEnBeme
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k T-4 BEBEnsrnz 2

swl & kR Bk
Bik | B& |k d| ke 8] kE | |2 =+
(n/s)|(deg)| (m) |(deg)| ()| (m)
EX9| 7 [ 270 3 | 90 | 8 99.84] v BERE F R
EX10{ 7 [270| 3 | 90 | 8 |99.84| v BB E R BEA
EX11| 7 [270] 3 | 90 | 8 |99.84 v | smEszara
EX12| 7 (270 3 | 90 | 8 |99.84 v |mEBznseme
EX13| 7 [180| 3 | 90 | 8 [99.84| v BHRBES SR
EX14] 7 [180| 3 | 90 | 8 [99.84| v BB E R B
EXI5| 7 [ 180 3 | 90 | 8 |99.84 v | mEBzssa
EX16/ 7 | 180 3 | 90 | 8 |99.84 v |z s
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ESSO OSAKA Tuming Motion

Approach Speed = 7.0 (Kt)
Rudder Angle = P35.0 (Deg)
Deep (Hd =4.2)
VAN Measured

———  Simulated

/“A

\-— 650
— 325

— 1625

- 1300

— 975

-1 625 -1300 —975 —650 -325

Y,(m)

B 4-1 KIEASEIA 4.2 8, ESSO 0SAK
A35 ° A @k RS2 B AL AR AR

RIHE SR
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Angle (Deg) (+:starboard, -:port)

ESSO OSAKA 10/10 Zig-Zag

Approach Speed = 7.0 (K1)
Deep (H/d = 4.2)
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— Simulated
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AL0° Zig-Zag HsrZ B A KARAR
BRITELER
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ESSO OSAKA ITTC Spiral

Approach Speed = 7.0 (Kt)

Deep (Hd = 4.2)
(O  Measured
——  Simulated

Yaw Rate (Deg/Sec)
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