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Fig. 1.5 Percentage of resistance components[13].

Table 1.1 Weather condition based on Beaufort wind force scale.

Beaufort scale | Mean wind speed | Significant wave height | Mean wave period
BF Usvina [M/s] H[m] T[s]
0 0.0 0.0 0.0
1 1.0 0.1 12
2 2.6 0.2 1.7
3 4.4 0.6 3.0
4 6.9 1.0 3.9
5 9.8 2.0 5.5
6 12.6 3.0 6.7
7 15.7 4.0 1.7
8 19.0 5.5 9.1
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Fig. 1.6 Image of added resistance in regular waves.
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Fig. 1.7 Image of added resistance in irregular waves.
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[EIEP-MB AR |5 2 S(0)= isexp(—%] (12)
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ITTC = : A:1T7—3H2 B:‘;il (1.3)

1 2 V4 V4
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«@: wave angular frequency
a: wave direction
E: directional spectrum of waves

Fig. 1.8 Example of directional wave spectrum with standard frequency spectrum and directional function.
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Fig. 1.9 Example of frequency response of added resistance in regular waves for 300m container ship. [

SEHES T 2 AT D ARAR ) < RARRIB PRS2 B S 5 E . BUIR, CFIE L L TR
A7 T L LB PRGN O RIS E O EREG D TRME T 2 TIEN R TH 505, R



AR O ASHE O BN U7 258N 2 R OB EGEIC L 0 RASIEENAE L5,
TAUE. BRI AR T e BRI OE R ) L E 2 D L T WL Fig 110 12
T X DT, W T & WK DA T E MBI < LB XD L INICE < BT %
i, WoRME - WEOZIS U= BRI OLEB & 25,

Resistance in waves with long period

R i Added resistance in regular waves

time
encountered irregular waves
é’ag 4;10
Gas Ca7 m \5& /
A\ e
! \ |0.5TV?10
<> 05T >
<> T W 2 ' -+ wave amplitude
05Tug g o7 i st b Cai p

T, wave period

0.5TW3 0'5Tw5

Fig. 1.10 Resistance in irregular waves with long period.
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Table 1.2 Methods of added resistance prediction?®..

S R T 5 ERE O ARG P RETE N O E AT 5, T O
LIAHSINTVWBEHETHY, 2 ZZBWT, FED

i

Numerical method

computation Maruo, 1960, Joncquez, 2009)

Radiated energy method (e.g. Salvesen, 1978)

Approaches Slender-body Experiment
3D panel method CFD
theory
Direct pressure integration (e.g. Faltinsen et
Direct pressure integration:
Added al, 1980, Kim & Kim, 2011)
Added resistance = (Total
resistance Momentum conservation method (e.g.

Resistance in waves) —

(Resistance in calm water)

Strip method, Commercial Surge-fixed or
Green-function method,
(enhanced) unified or in-house surge-free
Methodology Rankine panel method
theory codes tests
Linear formulation for seakeeping. Fully
Short-Wave Faltinsen’s approximation, NMRI’s empirical nonlinear Fully nonlinear
Approximation formula formulation.
Different formulations
A lot of

Quick for time-domain and
computational Expensive
computation frequency-domain
time
methods.
Scale
Remarks
In shot waves, Strong grid dependency
Grid dependency should
empirical or dependency and
be observed in short
asymptotic in short repeatability
waves.
formula should waves. should be
observed.
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Fig. 1.11 Simple overview of EEDI regulation®! 0159,
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Hlk,0)=[ hmm(% - ¢%j explk,Z + ik, (X cosf+ Ysing)jds (2.36)

T 2T, explk,Z+ik,(Xcos0+YsinO) X0 AT T HIEE (REHL) #E L. ZOEHRSH
WoE—EREHLEZR LTV D, DFED, BWIogon OREH LFFRA L, RS g0 "R H
LR RS OMARE EOSMIZ LD RIS TN D,

(4) IR o ZHEHEE
RG-S < @bz XL v IRIE B 5L 2 50 U BLHIR FR 4 h i N 2 2 0k, JR0E BE %3
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RES 2 FW TR S, IMEEBNC SV TR, ISR MR AEGH A Y v FIEIC X 58
BHNHROOND, LU, T4 7T 73 a U oNFEEAREGRERCIX, #HEELE
BEO—HMNEL 7V, 20720, KKEHE R EES EPUEMZ2EER & LTI 5 HIENRE
HEnTen, %< 0GR - %%%ﬁn#ﬁéﬂf%%mmmmm}%@¢T\%#°%%®
R UEIERMNZ S & LB EENZ Lo, MEEBOIF L A L2 EI R IR O L8RS 4 1
D AN FEMERSNTWS, ZOBIERIT. ElETICES T 28 < B h & ~—2
&Lkﬁf\77/%31%ﬁ\%m-%&ﬁ%@\@F%@#%%%éhé¥£%ﬁf%5
HEDHGRIC L HHEEIC, FIREROAMREBRE R 2 A LB EE i+ FEICEY, MBI
SPRERE X < BRI P RFTHIIN A HEE TX 5 2 & AVKRERBRIC ;D%;éhfh@“zmm 2B
T 5 RERMTEPC bR STV A, ABFETIE, 2 O FEIC K0 BRI TN 2 S A
5, ZOBREOHFEIZONT, BTFITRT,

HLRIRE RPN Ry % MIRMASIEUC X DIRIER A W B OBEGIC L v itE SN D =
\CAMARIEENC LV A C AP Ry & T 4 7T 7 3 a VR OIETEIE Rypp (2 X 0 F£,

R,, =R

+R (2.37)

AW AWM AWR

R 13 ﬂJ%@f??A ’ﬁ%O‘% AR ATET) & AFRE D 5D I D R AT o 2 IV TR &S
o RGO 2556, FrE T AT E LIClsh D, 2 2T, p IR, m 13(2.40)
V) %Hjé:néxwf — 8 Th D, Him)iE, (241U LY | Wi & LIBT3 A ofx)
Lk RSND, ZIT, xR X# EOEERTH Y | LITFIERFOKERE TH D,

| 2 (m+ K, Q,)? (m+kcosa) dm for Q,>025  (2.38)

Ry =4p = [+ [ ) 1,

Jm+ K,Q)* - m?K,?
B e 2 (m+K,Q,)* (m+k005a)
Ry =t [+ [+ ) ) (AT for ©,<025  (2.39)
m = k(6)cos@ (2.40)
H,(m) = j o(x)e™ dx (2.41)
e Ko(1—2(262+,/1—4Qe) (2.42)
) K0(1—2962—1/1—4Qe) (2.43)
m, __K0(1+ ZQeerJl+ 4Qe) (2.44)
m, _K0ﬁ+2962—1/1+498) (2.45)
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(2.40)RUZH 1T DR B4R U 2 FEE O K(IL. 2.27)BNW T, j=2 L LTHEIN
%o WRAFEPIHEMCE N TE, B0, L BICL2FSNEETHDLZEND, L HICLD
HHAZEHE L, 240)UCBNVT, HO=k(hE LTH D,

e B S0 AT o(OITHIRARBRR R 2 AW T2 556, HLRI h ofEEB) I X AR A2 v, (2.46) &
DEOLND, 22T, 26 TEOIED ETFEE, xg (IAET RN L EOLE TOHRE, 0, 13HtE,. Crp
IXHEEIARER, d, 1T REAK, CIXAFHEIC X2 KIASE), BOO)IEHE LKIFIZ BT 2 Wi OfE T
& Do Cypdy (T EORFRSAE RS 27T, FFERAERSIZOWTL, EHNRBENG, #
1K RO S OREN STV 5B (2.46)Ric L 2 BT, KRS ZIMERIE DT
BIRUOKALE BN R E 72> T D,

o(x)= - (ﬁ - Vij{[zG + (X —xp )0, —e g |B(x)) (2.46)

ot oX

R 13, WIBHIRFHEINOT 4 75 7 > a T HRSODEFETH Y . B - SE0OHRR
CkB L, QANRITTTEY . 7T N RARE B, BOKE B oy, R (1+ ) &
DR SND, T 2T, GIFASEOBIRIE, By (3R AMIETH D,

1
R yyr :Epgngmeaxad(l+aU) (2.47)

BriE, MOKMRETGIRDIEREZ R T T A —2 T, 48)XNELVEHEND, 22T, dlidk
BRI o To TR B, (TR dl D XTHZXET 2R A Z R L. (a+ B), (a-B)NEENER
Fig. 2.1 (/R8I 1, Il TOMSE dI T DDA A &2 RS,

1
B, =

{ sin?(a + 8, )sin B, dl + jsin 2(a = B, )sin ﬁwdl} (2.48)

max

Fig. 2.1 Coordinate system for R 4yx.

a I DA T T 8T A — 2 T, S - mEo X mmoR T, (249)K. (2.50)
XPBREESND, 22T, LIT1KROF LFEEESy B, KX 1KROFE 2FEEER Y&
VB KR ASHE DA CH D, (2.49)R0T. Ursell®Nz I 0 38751 72 B S7EE D AR R D
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2|/AERTHLOTH S, 250)XUTRTEBORIL, EBRFER L O—HDOBANS ., EREMICK
FORBLERE ST 5720, KPR L T 8RBT A —%7kd,” % "1.5kd,” | X H
L7=bDTHD,

S - EfE oA a, = 2”211 (kdmz) (2.49)
7?1, (kd,)+ K, (kd,)

. \ 21,° (L5
GO A Y (2.50)
2212 (L5kd )+ K,°(L5kd )

nbizxt L, KEEOAEEE TH L M WARE B 0 (RS EFHET D kL 2 HWT, T
A=k d A L, (251 RIC KV oy ZHEMT 2 HESMRR S, wEEEDT 4 75 2
¥oa VIRRE D KFERERAE R & O D, 5D LY ap ZFH LT25A, (2.48), (249X &
DEBRMEED—HNPRLRD T EDNRINT VD, 7o, (251)RDOFHE THW D EKIZ OV T,
INT A MRBEIZ DWW T OREHEEA S | (2.52)2U2 L 0 BT 24822 H AhCTnb, 2 2T,
Ao IS E IR dpe TR TH D, aulZDWTDT 4 77 7 ¥ a REOKERBAFER L O
e & Fig. 2.2 12T, WEMELRSAUL>05 O EFER KL B EMT, 251X L HRHAO
FERE & O—FEMR, (249, 250):LV BV ERRENTND,

z*1L,° (k. d,)

) =—— L (2.51)
" (k,d,))+ K, (k,d,)
d, =Max[d ,,.d,] (252)
o7 )
k, === =k{1+Q, cosa) (2.53)
g
(04
Q, = (2.54)
g
P - 6
» [Em=0250 ¢ agEm Fir0.150 | . .;l.Exp
iy (eed) 14 {ked)
a, e
12 — —ay(18kd) 12 1
10 S— T ity (k) . Tk
. L N R 1.0 --‘_“-‘. ~1 \‘v-—.._‘__ : P u‘(kd)
08 - S v 08 k —
06 . - -
. N 06 >
04 > \‘
\-‘-.. S o4 =
02 = = T~ - =
— | _—_ 02 a =
oo b— e e B
00 0.2 0.4 08 08 10 12 o0 02 0 06 s 1 0 1
0.0 X .4 X . 1. 1.
ML ML
(a) Container type model (b) Bulk carrier type model
[66]

Fig. 2.2 Effect of draft and frequency on R gz
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auciﬁj; cEEF L. I @moRcies)RickvREND, 22T, FaVI(L,e)lE
Jb— R L, ITEHRE R TH D,

1+a, =1+5/F, (2.55)

UK L, A I (2.56) TR T F, O 1 IRAUTR L, £ OMRE (REEEER K
Cy) (THOWTIE, ARIERERFE R DM T 2 HENER I T,

1+a, =1+ C,F, (2.56)

T ZC, HEEREMRE Cy i, IR oo B2 W R T IR ER 20 5 (2.58) U L 0 155
N5, ZZT. REP | IAMAER) OGO D BRI PRI TH 5,

wave

ay =Cy(a)F, (2.57)
EXP
CU — i R(;/uée (Fn ) RAWM (Fn ) _1 (258)
pgé/ B/’ max

WL R (1+aU) ZOWNWTD, FlZxt T 2 RE L OERN S5 578 & D% Fig. 2.3 127
2T, MEREEa)X. KRR DG O 2 BIRRGUEIN REY LEENGRD S

wave

j—o
R 5, (2.59)it_ot'0%tljémé Fig. 2.3 (TR T HEEOMTE, B CTHERR L2/ £ 5
FERS B (1+ap)lE. (256) Rz & D F, 0— kA TELIHERS Z L3RS TN D

REP(F )—R F,
1+aU — wave( n)2 AWM( ) (259)
0.50¢¢,B,B,,.a,
ray, @ =0deg ray o =40deg ra, o =0deg.
20 I I 10 I I 5 I
o Exp o Exp o Exp
15H{—— a,=435F 8— a,=111F, N— a,= 74F
----- o,=202VF, -~ 6H---—-ay= 50/F, 3H----- ay= 26V F,
10 — =
g 4 I s O
5= 2 =S 1 e
0 005 01 015 02 025 03 0 005 01 015 02 025 03 0 0.05 0.1 0.15 0.2
F, F, F,

(a) Container ship in head waves  (b)Container ship in oblique waves  (c) Bulk carrier in head waves

Fig. 2.3 Effect of advance speed on R,z
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SRR Cy Ioo W T, BRI DBARIC S\ T ORISR 57 T o b % AR B,
& Fig. 24 DERR G 6TV S, Z OBRZFIH L | [ oo FE 28 ekl > 515 72 B (a =0)
L Cla=0)% vy, A ol R Cu(a)iE.  (2.60) ~ (2.65)=7> b H & 519,

C, (@) =san(B, (@))-C," (| B, (@)]) (2.60)

(Y
[

c,’ (B, (a)) = Max[F, F] (2.61)

(i) B;(a=0)<B, F71ZB,(a=0)<B, DHE

Fy =C,(a=0)-310{B, (a) - B, (a = 0)} (2.62)
F.. = Min[C,, (& = 0),10] (2.63)
(i) B,(@=0)2B, 7> B,(a=0)>B, DLHH
F, =68 —310Bf () (2.64)
F.=C,(a=0) (2.65)
58 68— C, («=0)
<hY, B,=——~0187, B, =— """ Th %,
%310 s 310
|CU| O head waves ¢ bow waves
A quartering waves ——empirical line
80
70
60
50
40
30 o A
N
20 A
10 Aj&_@m A (@)
K o® A
O L 1 |

0o 01 02 03 04 05 06 07
|B:]

Fig. 2.4 Relation between the coefficient of advance speed on Ry and the bluntness coefficient for

conventional hull form.

RS F6 1T 2 BE BRI Culd, AR DROE D, Z OARMERERIL. Rapr 23 EEZRBK
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Gy LR DR (RRMEL 05 UUT) THEESND DT, L &b 3HBDEE THIR
FHREUEINEER 217 0 . EBREER5Q59)NC LV HFo N L HER Bay % F, D 1 IR TRELL
TR DR E LT, kO BILD, BEBEEIZOWTIX, FHlikIG & 3 251 2 E M %
Ble X IITIRET D, ZHEBARIT Fig. 2.5 1577,

ay=CyF,
F 3

speed in the representative
sea condition in this range

Fig. 2.5 Determination of coefficient of effect of advance speed from simplified tank tests.

PLEDOHIEIC L0 15602 BRI P EGHOIN O EHEEOSEBIEUL, B OMME - [T, FER
FERE =BT HZENER SN TS, il LT, 7k BE300m) KOSl — (i
£ 217m) (2 OW T OFHEREF & EBREO i % Fig. 2.6 (27T,

RAVV
4pgé BL, F,=0247  a=0deg. %

40 4pgé B, F,=0247  a=40deg.
40

35
35

3.0 )

) w0 0

i 3}
II \\ 2 5 /1
20 ] \ O . \

//I \\\ 20 \
o g\
X ! N\O 15 ' :

10 > \ 9/ 7 \
——-6 K B < 1 // '\
05 8 9o©C 0 S

----- — Nr 05f——===m==p=” \\

0.0 0.5 1.0 15 2.0

. . AL 0.0 0.5 1.0 15 2.0
"""""" Cal. without correction 4 AL

Cal. with the present correction ~ ~TTTTTTTTTS Cal. without correction 4

<o Exp. (3m length model) Cal. with the present correction
O Exp. (6.3m length model) < Exp. (3m length model)
(a) Container ship F,=0.247, « =0 deg. (b) Container ship F,=0.247, « =40 deg.
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Ry Ry

40g¢ 'BYL, F,=0.166  a=0deg. 4pgé B, F,=0166  o=40deg.
40 40
35 35
3.0 3.0
25 25

2.0 \
A8\ SN
15 y )\ 15 / 8\
1.0 YA

f
/ , T
10 / N :
05 2@;:—?*9/ \\ 05 A il \"\

0.0 0.5 1.0 15 20 00 05 10 15 20

- - AL ALy
........... Cal. without correction » ----------- Cal. without correction

Cal. with the present correction Cal. with the present correction
(e} Exp. (6.27m length model) (o Exp. (3m length model, 4.1cm wave height)

(c) Bulk carrier F,=0.166, « =0 deg. (b) Bulk carrier F,=0.166, « =40 deg.
Fig. 2.6 Comparison of calculated results and experimental results for added resistance in waves.

ABFFRICE T, (47)RUC K DRI A AV, BUK - BT B4 (251)0C, BERE % (2.56)
KRS HIET, BRI OAH21T 5.

212 FRALRPEIEMOE EE

AFLRIE PHREEE N, AR PRSI O B EORE L A7 T A%V, (2.2)RUT &
DERINT, 2T, WA NT LA EIZOWTIE, Faoiaffolc AT N7 A THY | WK
BL—Z = CIZ L D5HRER D B 2585 RE | FHEAXT M T ALV RAIND, EEX
~_7 N7 AE, (2.66)DiE D | ﬂ&ﬁXA7F7AS&ﬁﬁAﬁ%ﬁG%@%LT# Ihd,

E(w,a) = S(0)G(a) (2.66)

Z 2T, WOREEART BT A S(o)ZHONWTIE, BEOEAE. MEOREERER EFR LI
BEET Yy FR2ay 0 v VH (IEEP-MA) 227 k5 A8 (17C K, 155C £ 1ACS

A% BHWSEND Z ENE, 2T, TIRESREY., H IZAEHES., M3y ~EKT
H 5D,

EIEP-M 27 5 4 S@ﬁh%w{~%J (2.67)
(0] [0}

ITTC K A:H§H€ B:§¥ (2.68)
T T
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) 27[42 27\
ISSC =X : Azal-?-fi,B=04—F (2.69)

4 4
IACS i : PR A I S (2.70)
Az \ Ty, 7\ Ty,
7&:£K%QTzOBZMT @.71)
T

SEWWRER T, AFRINE HIZOWTE, Ea—7 43—k (BF) JAAEHKEZX—R I LTZ5HE.
Table 1.1 ®E Y RE SN, Z 2T, P ER & B P& OBHRIT ST 2 M O J& W E A~
7 b apsEH s gl )X s snTtn s,

T=386VH (2.72)

T AiBEE G ix, BIEOHEEa A V2 /BRI D ESNDZ ENEN, 22T, 0,13 FRH
Ao E 1 TH D,

G(a) :icosz(ew ~a) for —Z<(0,—a)<Z (2.73)
Vid 2 2

FEWRTEABHAE 255 L T 58580%. oMo MEEB LR, 0=, FRERRDE
FHRBUEIN Ry 1. (27400 | OB H AT v T A TREIND,

RMlijR?f”s@yw 2.74)

22 FHRARPIERIENORBHAESDOHE

AFLRNEE PHRHTEM O KB A EIETNZ DWW IS S223R4 72 D720 As | MHERSE) % &
KB HTE R E DN WIS EIZ OV T, IERIED 2 RINE DORBN BRI OEB NGRS,
BRI OFE e EICHWON TN D, fiIE XIS & LTcGE . WHFEMEEY & B0 il 2 FF
D, AMAREECASHEORGICE VAL DWRRRY | 2 WOBEBEER G R 5720, #H
DEBPEZONWTIIREER ML E L 72D, Z 2T, EREO 2 KIGEIZOWTO—REH % H
VT, RSN O B E AT OV TOERLZ1T 9,

RIRTERBANE 25 2 | gty 23l 3 2 RIETEARBAE S & (2.75)X0iE v BRI O
HEREDLETRIAT D, 22Tt ERMTHY | 4,137 v ¥ MM EEGUEERIE. @, TS
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WA BT, T ENAHANE O m RSy DRI RIS 5,

{e)=Re) 4e (2.75)

QRIBRDOWIZ L D 2 ROFERSAR OE. (miERE M Z A, Ie)XTKShD, ZIZ T,
My N Doy Oen) E o & g DFNEESF DIZIZDUNT D 2 /)’WDL:LB'Q%CT&% 9« My ®( ey 0en) 1 O &
O DFEFES DDV T D 2 ROEEBLTH 0 . <R 27T,

( ) RezzAmAﬂ M 2+ (a) a)(_’ﬂ)e G + RezZAm n mn (a) a)en)e o we”)t (2.76)

m n

DO G, KT DFERSAR (VP RIAMAEB & 725, Tk, AR RS O E 522
AR & L TR &, RQINATEREN S,

AR(r)= REZZAm M0, @, )" 2.77)

2O XD ICAHANE F O REIZENL 2 ROIREREEAE AW TR I DL, WIFERED I <
BEINTOWTIEL, WFEROBEEE AT N7 ARRHEHRTHH E VI REND, BRI
ADNTE O & Oy DFEDNSVIEDOFERRKE N EF 5 Newman OFEIAR AW s TV S, K
HARE FHRFUEIIC OV T b 2 EMEAT 5 & EEEE Mo (0 0a) 2RISR THR SN, £
B AR@IZQRIYXTELENS, 22T, RQIYNCLLFHEMENOBIITELEZ LY, Hx
RNX—DIEET D ER S brE . REMIRSORETHZ & LTz,

Mr(nzn )(a)un w@ﬂ ) Mlslzm )( )+ O( em - cn ) (2'78)

AR(t)= ReZZAm M) @, )¢ ) (2.79)

(.79 RD 2 IR DABTERIEL My (@) LI PR THIIN O BB RS Ry & (2.80) D BIFE A
B H7- R R HEEHTRIIN & AR ORI ORI - BN S . BEMZEE Newman
EEUC L0 . 8)RAMLEHE SRS,

M'(nzm_) (a)em ): RAW;(S)em ) (280)
o RAW(a) ) i( @y =0y )t
AR(t)=Re>. Y 4r A;" —A el il (2.81)
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T, 81RO AR ZEZ D L m=n DPFEDIHEZE LR DHD T, (2.82)MRL Y 3L
OO

4,

2 RAW (a)Em )
2

Ca

AR=Y (2.82)
8RR T DJEEIANT b T LA EIRIBOREKR L, (2.82)F D, (2.84)F 03 E L, AH
WP IRBIEE N O BRI A ORRIEE N .74)NEFETH L Z LB mnd

S(a))da)zézalr(a)ﬂ2 (2.83)
AR = Zzs(w)mf)m) (2.84)

il & LT, Table 2.1 IZ/” 9 iR 190m @ H B BLIEMAN 2 xf 5:12(2.74)=0, (2.81)Fiz L v | FIKIA
AR FRPU I OFH A2 1T > 7,

Table 2.1 Principal dimensions of PCC.

Item Ship
Length between perpendiculars L, [m] 190.0
Breadth B, [m] 32.26

Draft d,, [m] 9.0

Longitudinal radius of gyration k,,/L,, 0.245

Froude number F, 0.237
Bluntness coefficient for head waves B,(a = 0 deg.) 0.07705

TUE LT DAY T L3, AREE H:35m, SFREH T 7.7 s DIEIELT Y
AT 4 VAL (ISSC ) T, Fig. 2.7 (a)

WA BT L (DITERERS 2R, £,
2. L1 (@A) L2 AT BRI RGN o JE e BUS & 2 51 L7oR R & Fig. 2.8 1017,

T, KwlX(2.85)RUC L DI TH Y | plIiEEETH D, Fo, (2.56)U T ERE
DOFHFITHLIE L 70 5 E BRI Cylo DT

= O KAERERAE RS Cy=38.7 2 i,

R
(2.85)
" ape?lB,.0 L)

AW

(.74)K, (2.81)RUc L BFHEKE ROl % Figs. 2.9, 2.10 (Z77F, Fig. 2.9 ([2BW T, (2.79)Ric
KDREBRNS . K 10 BEoBEEAE L v BRAMATE L TORL TS, £, (274D
HRAEDLEIC L HFERR (cal.(superposition)) X, JEME A~ b7 L& E LZXHE (4EO
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513 1,0008) (28T 2 L LT EECTRd, RIETERSAE FHEFUEIN Ry lIZOW T, &
XfH (0 s-1,000 s) TOFHMEDOLHGHER &, KEAENGEIZQR.74)NIC K DRI R A A T
DOFPFEFER (ERHbEiE) LoEEZFDH7-0, 455%] (0s-250 s, 250 s-500 s, 500 s-750 s, 750
$-1,000 s) Th#g L7255 4 Fig. 2.10 (12777, 2XMIC T 2 5 Tl A HhE ik S Newman
PEUT £ 2 HFEOZEIFN 1% TIRE KT 2, ERGHEIEIC L5 ERFEGHIN O F 5 ¢, 250
WZED 4 5ORY A NI T LEFEE L TERMELTEEAXRY T LAE2HWTWDS, 2070,
Newman (T & 5 HIEDFHEAERD 250 5 2 & OFVH)fE L ERGHOEEIC K D5/ RIT—H L7k
W, BRI TEY LEGAIRIZE 8T 5, AT b7 ABREE I TW DX &Y W]
AR E T 256, ReRIIZ T LIEE . BERAOHIEIK D FHEHEICIZZNET D 2
LN D,

S [m3s]
° ' o [rad/s] ’ ’
(a) Frequency spectrum
¢ [m]
T , T
" "q’] f’\ l h;!'l‘ \“) L L' ‘ WI MHWP'H\ H “!W'JAMA\ | '!'W‘lnfh i M ||“I M'r .“H'
1o '“"WMH }‘ “‘l‘| “ | vldﬁww W \‘JV WMIH “1 M MIU \“\‘ H'" H.W W'Jb W'” M | w I |‘. ‘W‘\
o | |

time [s]

(b) Time history of encountered long-crested irregular waves

Fig. 2.7 Assumed long-crested irregular waves (full scale).(H: 3.5 m, T: 7.7 s)
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Fig. 2.8 Added resistance in regular waves for PCC.(F,: 0.237)

Fig.2.9 Calculated added resistance in long-crested irregular waves (full scale).
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Fig. 2.10 Averaged value of added resistance in long-crested irregular waves (full scale).
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2.3 KHEHER(C & 5 BUR P IEIIBIN DT

R TN HE EAE R OMRAEIL R & OHRIC L 0 1Thiv s, FERFIEGEEM oW T
1F. Bk KE LR OREEZ T 5 2 LM b TER Y AR Sk iR BT NG E S
BT, K EFRAR OFEEEREHICI D AND 2 &3 L2, AKREREBRIC X DRl 21TV,
REHCFEUHTIERE D PRI EN D Z & HE0,

AAEFERIZ BV CTHRPTRBR 21T 0 556, AN A Bl > RIZED £, Bt v R &R
ORI T D IIFHT L0 | BARG A2 B L 72 BRI, vRIc @) < itz 545, 22
T, BMUZEET 2 IBGHRH R D F A~ OB EZR S T 720, 7 7 o HEEIC L B X 2 5
WL 7o TS, 7 7 v 7aEEIT, BEO 5 A 1T T Dk 0m B2 H A e
THY AT SH, IO 3R B2 Bete Z LI K W BRSNS D hEMZ 5, VA ¥ —KoD
BAE, BEAMCEY (T SRS T A v — 2B £, IEEERRCIE T A v —&RY | iR
INT R ORI DD 12z 5, KPR E Of % Fig. 2.11 1IZ7R-3, FAKRF T
REBNE L A LR BBEOBITEITR O E TN 2MIEOLIARFEE DT Rtk 7O
EENAZETE L CRHINZIT Y, 2070, MERICBW T E AR, ¥y F HROZELD %7
Ty RRIRDATT 65,

PR P IRPUINERER 21T 5 5 a8, RO ECTRIIOFHIEA LS L, Fig. 2.11 12737 XL 5 7%
ok REBREE E TR F M OENL A EE L CRBREIT ) &, EEhR K& WA, sHllEn s o
RIEAKREL 2D BRDFE~OBHEMNEKE 2D, ZO7D, MK O%E1E, Fig. 2.12 & Fig. 2.13
R RO REELZ V., P—VIREEE T, MEPEET LIRS KO 7 E—Z B LS
FARREAE > TH =TV HMOEMIZHEIT 57 BRIERD) 25 %, FH3 2 ) OHRIE 2 5 &
T, RAFHT L0 EHI S D TR T AN EN D IBIER S OB EEZ T, Hicxd 5 1
WIEEDIREHZET D, BANEFOREBRTIX, 1 AN O & LR IRPERGUE %
B5720, AEBENTIZY 72> TiE, ZENLE L TWDRBETHIT 21T 2132, 1 WISEDOZELsy
ISR S D, BRIEF OFHMT — X RERSIDA A — T % Fig. 2.14 (3, fEMTIZ, IIEGERED
WHESY T T ORENG AL HIBEREZ ROV X TThild,

— 7 ARHLRTE Az W T AR AR 2 #E AT 2 B ORI K RIEMIEE N AT 5,
AHAE PO RFMEE L, M7 E—2H LUIAARITL Y A4 U DL BT 5 EN 6
EnTH M FHAE T HRHTRBRIEIC OV I SN TWARVONBURTH 5, AR
DFHAIRE RN DA A —T % Fig. 215 1237, AEARE T, MEoESS 7 7 0 7 O8I L 5l
FERREBLISN O X T, REWIOZEEHZ4E L 5,

Fig. 2.12 |27 L7z [ hERBR O GHAEE & C i, AnEEh & U CHEES) (AR, LT, #th)
DHEEIND =D, FHIMLE Ieb X0 EIFICEEERG e v RO T 65, #PREc
(IHGEBN N X BOER) (o448, #iEE. MERE) MNAELS720, FHIEERE & L Fig. 213 D X
N Ieb IZWMOfTITFOND Yy REBEL T, MEANERNZFIZ20nEe— R (HikRE, £467.
METR) LT E—28 LTRRICED BN ins,
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Fig. 2.11 Measurement system for tests in still water*?,
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Fig. 2.12 Measurement system for tests in head waves!*?.
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Fig. 2.13 Measurement system for tests in wavest?.
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Fig. 2.14 Example of time history of measured data in regular waves.
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Fig. 2.15 Example of time history of measured data in irregular waves.

)3 C R TS BLRINE TN 2 51~ 2 56, Fig. 2.12 1OR L72GHIS AT b % VT2
K35 TRH S L D E1 myF%LLT%W%’HMéhéﬁ%fmﬁkﬂ“@ﬁkﬁéo:
DOFHAMEIZIEYE ) 2 G e 7o, AHAN PRI O KA INEB) 215 5 7o O 12id, 1EEHHOLL
HMAETOIMERS D, ZOOOTFNEELLFIZRT,

R M OERZ . WO 1R x; & 2IROEBHARS x, DR LEaDLELE L, TNEFNORS
IZOWTHIR RO 50 E(2.86) TR, T2 T, my [ FHEAMOEE, m 3V 7F+v U v
COE R, m TR G OMINE R, oo TR IR kIR SR ORI, R I
THY ., x I THEFMEN. RREOIEIZM2 > TE) Tho,

(my +m, +m,)i+c,x+k x=R (2.86)

Fig. 2.12 TR UZZEHIIS AT D2 K OB EFCRHI S VD BT, BRI A N3 2 A7 Hef
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T DX E RSO E 725728, kI OBREIC LD FHENZAET 5, FHME S X 544
J1AR %3RO D856, (286)F LV . HWEIZHAIT 2EIH e, x 1IN E T 5 & EMEE
“(my +m, +m EICOWTHIEZITZIE LV, 22T, Bitg FIoIEREIC O\t FHllY %
AR RO ATIERIZOWTIE LR OF ¥ — MNP sk 5 & BHEAENFETE 5,
ZOFNAZ LV FHAED B IEIC L 20401 % RO 7= 6% Fig. 2.16 (277, = 2T, kxi, kx3, kx5,
kx7, kx10 [ZB1#4 7 ISR B O E 2 L, kxl 23k BAREDV/ I & < kx10 23 bARES K
TVRETH D, Fig. 2.16 (a)7> 5 HTE STFHIE AR e (2 DWW TR, “k"ORE 23 FHANE DO 2B 52
BLTWDHZENGND, —H. FHES EROFIEIZ L 0 RO L 2oL TIC B
T, “bNC LD EN/NES Lo TWND I ENTND, ZOFHNZEIT - 7238k K OWENT OEBFEIZ >
WX, 3ETHLLRRD
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(b) after correction
Fig. 2.16 Corrected added resistance in waves for PCC model.
24 FEH

A PR O KB WA S 2 it 2124720 R FHECHHE N O FHELE O FEM A R
Nz, AEHWD FiEE, REBAITEICGEH SN TWD FIET, RO Z N— R T, Ei
EOMIEDO T OKIERRNOEONDRTA—FEZBATLHHETHDI, ZOFEORY L

35



LEMR L ERIEO 2R L, YA R LT,

BB PRGN O KA IA B 2 HEE 5 ke WA EY THEM ST DBk Z it
T E M S ETEMME L TR LTc, ZOFES XY AR PRGUEIN O 8 BN E 2 v
TREMEGMPHEE SN D, FHEEIZR L, IEROEKRE N AL (ERGhYE) TOFHERR
EVPMEO LB ZAT, KBRERINZ P LI fE L | BRE DRI LD FMEIE, FA~2 b
T DEBRE LTE KNSR W TIEN 20, B Z R e LIS E. BIETDOEANT b7 A
LHEHIFICRBT DWW ANRT T DEWRH D720, RRIIOFLE ERER AR T LEDE
REDEIZLDMEIT, EZEAELDZLaRLL,

AKAEERER T 30 W TN 2 BRI B B O FHHIS 2T DWW TEIA L, AR T
WA GRS 2356, AN 288130 ) OFRER ., EHT & 2 5HAEI 8 % KIE
THIERH D Z L 2R LT, £, ZOFBIONWTIE, BHEIOMEEZITH)> 2L TBETE5
LEZLNDZ L ERLT,
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3 ARALRHPEHIBMOET A EHTERE & DLLER

2.2 EilB AT AR TN O & 8 W28 8 O HEE 1A D FBRIEIC K D BEENR O 2.3 Filafk
ATCABHNE P HEGEBR IS T 2 IC K D5 T OBHFINEOHER O 720, AHLNE GRS 2 17
27,

AHLRNE PHRHERBR I3 T AMAME R ) Z FR 72 e WIEEE — NI LT, AR AN
DEMIZHHIT DT (BIERT)) OREBEZFET 570, MEEEREAHR S T, /im0
DRICALRE DR E L ZHE L TRBRAITV, ZOFHARE R & 2.3 Sl 7= FIE T+ 5 2
LIZRY . ARANE TSI OREP A NG LN D 2 L 2R T D,

F7o. 2.2 Fi CHlRATAKRANE PRGN O B E M ABHEERTR & FHINC X 0SSR A
LA thEg U, HEEIED YL R T D,

3.1 &M

AR & L7, M 324m o % 77— (VLCC) M UM 190m @ B #hHEkf: (PCC)
Thd, ZNENDOEZER AMEIA A — T BRG& O B ER/K i EAEKE X 2 Table 3.1, Table 3.2,
Figs. 3.1 ~3.6 [T/~ 9, 2 2T, YIRS M OMAERE OEEE, Z 1% LT H R OISR O T

b5,

Table 3.1 Principal dimensions of VLCC model (scale 77.8846:1).

Item Ship Model
Length between perpendiculars L, [m] 324.0 4.16
Breadth B, [m] 60.0 0.77
Draft d,, [m] 20.5 0.26
Longitudinal radius of gyration &,,/L,, 0.25 0.25
Froude number F, 0.139 0.139
Bluntness coefficient for head waves B,(a = 0 deg.) 0.07705 0.07705
Table 3.2 Principal dimensions of PCC model (scale 40.6417:1).
Item Ship Model
Length between perpendiculars Z,, [m] 190.0 4.675
Breadth B,,.. [M] 32.26 0.794
Draft d,, [m] 9.0 0.221
Longitudinal radius of gyration &,,/L,, 0.245 0.245
Froude number F, 0.237 0.237
Bluntness coefficient for head waves B,(a = 0 deg.) 0.5376 0.5376
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Fig. 3.2 VLCC model.

Fig. 3.1 Image of VLCC.
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Fig. 3.3 Cross section above the waterline for forepart of VLCC.
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Fig. 3.4 Image of PCC.

15 / /1
Z[m] / /
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/ / / // ________ draft
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Fig. 3.6 Cross section above the waterline for forepart of PCC.
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3.2 HERKIE

KAERBRIC OV TIE, ENIAFZERITIE N Y L - 3RS - WUZEENERZERT B L E e R SE T
D = 3 AR ERKAE (150 m x 74.5 m, 3.5 m deep, plunger-type wave maker) (ZC VLCC X5k %
Fhti L. ZJES 2 AAsKBR/KHE (400 m x 18.0 m, 8.0 m deep, plunger-type wave maker) (T PCC #t
B % 52l L7-, KiEOsMEL L B H % Figs. 3.7, 3.8 IT/R T,

Fig. 3.8 Mitaka No.2 Ship model basin.
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3.3 REREME

RIS % Fig. 212 (R LM 3B S v U v (BT - #EEB M, fikeE : Loy E—
ZAZ 0 I (ZHEE L FEBR AT o 7o, PCC AR OFEHIRF DAL+ % Fig. 3.9 12777, Fig. 3.9 (b)
DOIMEZR T IO AT 5N TN DTS RROILEIL, 7 T 2 7AEE T, 5| BEOERF I, B
B HERD L, BAEHe EOFHRIT AT A~OAHEEZMZ 5D ThH 5,

SR | TR ey e o W NSO THY 4B
£ e, A Y - { L

W e rh / rFa

== (T e it N e I N
v = A~ ALUIEN . =

(b) Side view
Fig. 3.9 PCC model installed to a measurement system.

FHAEE 2 L FIZR T,
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\|HUZHOWTIE, BOLED A A ay RO AT b5 GHI LV EHZ1T o5, %
7o, BIFICED M 2 REEER L e > RIZBWTE, L—L EOBEBIC LV ETONBEHL 728
WZHBAEH IR AT, mMEZ R LEDE T E» DR < HEaRD D, B TIEMICD
WX, AArvy RIZBROATDRT v g A=V FHT 5, fHERAEIC VT,
AArvy RFHOV L SR T2 RT v a A—2 2 X VT 5, B ZENMICoNT
by By REMOYT7TXx U v DI HTONDRT o a A—=ZIZTHEIT 5,

AIfZ F AN DOW T, 23 8Tk B0 | MMAICEIR 1@ 72 iz, vy Ko RERICE
DT 7% v VEN LTIV E—XIZLDHIEEITY, M7 E—HXIZXV | BIRE
MAZHBIT 57 (BIIET)) %52, SRR OEHNE Z MR 2, M IZR0E, EOKE
W2 &0 2T B EAAREED, BEBRICBWTHET 2 A O =R VX —RNFET 5 A)EH
WHEPHEN E 72D LD ICRETINENR S D, Fio, REBFOHEEENERENH KX ML
IRV CRRET D MEN D D, FEAIE P ORERCIX, A AN, BEd 5 RO
W = RV X —MEET D A JE AP & 72 D KO T IE R 2 E L Ch ., AR EERSY
MBAEL 2 REIRS DRIGIER ) OREDOKEEZ T D, ThERET 5720, F—EIRET
T, LR A B A U CRBR AT 5 . SRR CEA L 72 IR 5032 B % Table 3.3
T, 2 Z2°C, FERURZAIIN U 72 R A 3 2 T DB ky, 45 kA2 D EHAE
o EEARY T, THD, ZIT, b T, FFIRETO B MR R 5572 E
R,

(Y
(Y
g

Table 3.3 Longitudinal restoring coefficient by torque motor.

(@) vLCC
Longitudinal restoring coefficient | Natural angular frequency Natural period
k. [N/m] w; [rad/s] T, [s]
kx3 225 0.55 114
kx5 382 0.71 8.9
kx10 833 1.01 6.2
(b) PCC
Longitudinal restoring coefficient | Natural angular frequency Natural period
k, [N/m] w, [rad/s] T, [s]
kx1 81 0.43 14.6
kx3 225 0.70 9.0
kx5 382 0.90 7.0
kx7 570 1.06 5.9
kx10 833 1.26 5.0

SWVEIZOWTIE, A2 D ORI OB D 7o R RN T ALE IR
HZzAT 9, VLCCRBRIZIW T, AR ICHEFH 2 E L, A HE
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%, PCCRBRIZIBWT S, [AIRRICAMART S OB EFHI TERAIZAT 9 23, AR T, A/l
TAAHNBED DT, A A iy RO ARIE G AN BEAL AL E IS b S A k& L G E1T 5,

[ P ERER TIE, M ETROKE EROEEBRRKE WD, MEHOKE T2 T4 H A FI12T
SR 5,

FHAET, RBIHENINEE, THERS>THD T T U TEMRRL, ZDO%OBIEISENILE >
THHOIRREDK) 41 TP 2 T X R & U7z, SRR 164 TR ORI T — & 3% E L., #IE
(TREE T LI A WUEDFH 164 FH OBENT I RIXH DT — & 21572,

B, FHHNT T TOEHEIZOWT 100 HZ T{T- 7=,

%
=F
]

3.4 VLCC #HE&

FHH L 7= BB TEARBLRE O AW A=Y b T A% Fig. 3.10 (7T, F70, ABEARY b4
b RN B2RUTKVROTAFREE H, VAW T % Table 34 (277, 22T, mldi
WDANRY N T HAE—A L N TERI)XNTERIND, I L72IE, k NERDZHEERT, 1TEA
CENRNT L AR L, AENE - EHRALIE, EMAr—1TRE2m, K91s T, £
22— 74— MRS 8 1TV, ETo, MURITIUMEE kT & 0 D 5 A AR o h3 . B AL
7 NT ARNAEREAWEEIIC RN D & bR TE B,

H =4.00/m, (3.1)

7=27"0 (3.2)
my

m = [ o'S(o)do (3.3)
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Fig. 3.10 Frequency wave spectrum of measured irregular waves. (VLCC)
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Table 3.4 Wave parameters of measured irregular waves. (VLCC)

Hyz[m] | Toq [s]
kx3 0.0676 1.08
kx5 0.0666 1.10
kx10 0.0677 1.09

average | 0.0673 1.08

AT =209, EEMZEENA U S aTRENEN & 2 Btk B0 & O 7 FHAME O R 51 %
Figs. 3.11, 3.12 IZ/” 9, 2 ZC, x IFRIEENL. AR (TR D FHFHIMEORIRIC L D BLE (% H~
DHANIE) THY ., x IZONWTIEEIERFOMEZ 0 & LTW5, #HlIT—21%, 1 #HIERN 41 BRI
T—25t 164 BEOT — 2 &2/ T\ D7, D0 TETAREREREI N D D, FERSIT
—END, kKO T BIRAAL, BRADFEHIMEIC ., ASHE 13 1 OB XL FEREOES
DIREEEINE T TND Z EN gD, T2, kK DENHIBRENICH S, k D/NEW kx3 D
AT, BB AR REVEBNCH D Z L W05,

Fio, AFHUIEE RIRZEN. ENAAML, MHEAE. RGN 2oV TS JE
T R— AT ALY N T LENT AT o 1255 R % Fig. 313 1”9, Z 2005, BN, MEHFHH
fEIZOWTIE, BEPIESR S DECTHWD I ERND0D, £, b FEMN L OHEREAEIZ DN
TIE, L DEENIIFE RN ENDhD,

AT N T NEHTORERD D | BIE AR L O I HAIEIC DWW T REBIAS ORERST —
Zatt Uiz, ZORER% | Figs. 3.14,3.15 IC-T, Z 20 b, RJEAHIOHITE G IZEN x 1 k12X
HEBELTBY, k O/NSWGE, BEBRIENKEZ N & —F, RAFOMEIZOW T, A/l
BENMND XD RBAE R ZIR LN X300 5D, Figs. 3.16, 3.17 121E, B ICoW T,
T4V RO ENTTICALT N T AN EITo T EREZTR L TCND, 220D b, BIREALIZD
WTIEAEIOT Tie b RIER & R ToilimIT, ke VNS UWNE ERTEZENL O K JEHIA I 23 K& W
EWVIERBLNDN, BAFHFHIMEIC OV T, ke 12X BRI TRV,
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(c) kx10: £,=833 N/m
Fig. 3.11 Time history of longitudinal displacement for VLCC test.
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Fig. 3.12 Time history of measured longitudinal force for VLCC test.
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Fig. 3.13 Spectrum for measured items for VLCC.
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(c) kx10: £,=833 N/m
Fig. 3.14 Long-period component of longitudinal displacement for VLCC.
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Fig. 3.15 Long-period component of measured longitudinal force for VLCC.
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Fig. 3.16 Spectrum of long-period component of longitudinal displacement for VLCC.
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Fig. 3.17 Spectrum of long-period component of measured longitudinal force for VLCC.
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AR PRGN O B JAIETIZ OV, SEIOFHFER L HEEIC L2 EIT I I2H T
o> T HEEIZHW 2 BB FERGUEMNC W T @O 2 B35 &0 O REZE FWV 503,
FEEIIOKE EERARLICEY, RO 2 BRI LLZWVEAELHD EEZOND, 2T, EE
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Moy i UL F, © 1R TR LIZRFOMREE LT, Fig. 3.19 (2R 9738 0 3 2R 5L C,=11.9
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WEMEAL,=04, 1.1 TEMA 7 —/LIEE%E 3m 520 S8 BRGNS T 55
B TR LT, ALy= L1 T SRR O3 # 8 48  J4 L 7o, IRATKE % Figs. 3.24,3.25
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Fig. 3.18 Relation between added resistance in waves and Froude number for VLCC (4/L,,=0.4).

Experimental Data Symbols
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0.141 0.9716 0.0370 0.9999 0.3628 1.6
0.141| o09606| 00370 1.0000| 0.3629 15
Average of ay
Fa ay™™* | CuFs ay © qu ——CUFn
0.106 14 1.26 40
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Fig. 3.19 Derivation of Cy for VLCC.
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Fig. 3.20 Frequency response of added resistance in waves for VLCC
(F,=0.139, head waves with H,=3 m).
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Fig. 3.21 Frequency response of surge for VLCC (F,=0.139, head waves with H,,=3 m).
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Fig. 3.22 Frequency response of heave for VLCC (F,=0.139, head waves with H,,=3 m).
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Fig. 3.23 Frequency response of pitch for VLCC (F,=0.139, head waves with H,,=3 m).
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Fig. 3.24 Effect of wave height on added resistance in waves for VLCC (F,=0.139, head waves, A/L,,=0.4).
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Fig. 3.25 Effect of wave height for VLCC (F,=0.139, head waves, A/L,,= 1.1).
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Fig. 3.26 Frequency wave spectrum of measured irregular waves (PCC).

Table 3.5 Wave parameters of measured irregular waves (PCC).

H[m] T[s]

kx1 0.0948 1.20
kx3 0.0963 1.20
kx5 0.0952 1.20
kx7 0.0945 1.20
kx10 0.0954 1.20
average 0.0952 1.20
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Fig. 3.27 Time history of longitudinal displacement for PCC test.
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Fig. 3.31 Spectrum of long-period component of longitudinal displacement for PCC.
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Fig. 3.32 Spectrum of long-period component of measured longitudinal force for PCC.
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Fig. 3.33 Relation between added resistance in waves and Froude number for PCC (4/L,,=0.3).
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Fig. 3.34 Derivation of Cy for PCC.
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Fig. 3.39 Effect of wave height on added resistance in waves for PCC (F,=0.237, head waves, A/L,,=0.4).
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Fig. 3.42 Long-period component of longitudinal inertia force for VLCC (F,,=0.139, head waves).
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Fig. 3.43 Long-period component of longitudinal inertia force for PCC (F,=0.237, head waves).
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Fig. 3.44 Long-period component of added resistance in long-crested irregular waves for VLCC
(F,=0.139, head waves).
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Fig. 3.45 Long-period component of added resistance in long-crested irregular waves for PCC
(F,=0.237, head waves).
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Fig. 3.47 Effect of wave height on calculation of added resistance long crested irregular waves.
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Fig. A3-1 Time history of encountered waves for VLCC test.
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