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Table 1.1.2 Comparison between free rolling and forced rolling

experiments.

T -
Speed Free Rolling Test Results ng%e%e];{g%%;ng
Ship Fn Natural N Corres-
Frequend Coeffl |ponding é‘
cy A 44¢
(1/deg) | Bage
Nio =
0 a;: 0.0213% | 0.0171 0.0137
Tanker NigP =
0.10 0.7511 ©.0248| 0.01 0.01
Ballast Condl e =4 0199 0177
2°6 Trim by 0.15 8.0300 0.0121 0.0110
the Stern - N1o® =
0.0248 1] 0.0199 0.0186
N1¢° =
SR 108 0 . 0.013 | 0.0068 0.0050
Container Ship W= Ny0° =
Ballast CondR 0.15 0.661 8.0217 0.0114 0.0110
0.985 '/o Trim by ) Ne® =
the Stern 0. o5 3.044 | 0.0116 0.0130
' N10° =
0.02%37 | 0.0125 0.0133%
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Table 1.2.1 Principal dimensions of ship models and experimental conditions

Ship No. © ©, ©, ® ® ® @ ® @ ®) @ ©
Ship model Container Container Container Container Container Container nglSSOGg Sgslzsoég Cargo ship Cargo ship Tanker Tanker Ore-carrier | Ore-carrier Ferry
Experimental place Kyushu® Mitsubishi** | Mitsubishi** | Mitsubishi®*| oOsaka*** Osaka®** osaka*** Osaka®** Kyushu” Osaka*** Kyushu* [Mitsubishi** Kyushu* Mitsubishi®® |Mitsubishi**
Length between 3.00
perpendiculars Lpp (m) 3.000 3.500 3.000 3.500 1.75 1.750 l.800 1.800 . 2.00 3.00 3.00 3.00 3.000 3.600
Breadth of ship B (m) 0.4354 0.4606 0.4354 0.5080 0.254 0.254 0.257 0.2769 0.47826 0.319 0.4719 0.4719 0.4931 0.4931 0.520
Depth of ship D (m) 0.2640 0.26847 0.2793 0.2793 0.2793
Draft d (m) 0.1628 0.1575 0.1453 0.1254 0.095 0.0627 0.1028 0.0684 0.19565 0.130 0.1828 0.0933 0.1943 0.1943 0.140
Displacement v (m?) 0.12161 0.1471 0.1064 0.1176 0.0241 0.01452 0.0331 0.02642 0.19984 0.0591 0.22057 0.1089 0.237 0.237 0.1337
Block coefficient Ch 0.5719 0.5731 0.5582 0.5275 0.572 0.521 0.7 0.7748 0.7119 0.71190 0.8519 0.8236 0.8243 0.8242 0.5087
Midship section
coefficient Cr 0.9700 0.9665 0.9546 0.970 0.9546 0.986 0.9902 0.9905 0.9905 0.9946 0.9875 0.9953 0.9953
Waterline coeff. Cy 0.7108 0.8109 0.8109 0.9031 0.8836 0.8836
Metacentric height GM (m) 0.017 0.0559 0.0326 0.0555 0.0217 0.0608 0.0893 0.0453 0.0502 0.1102
06 (m) -0.0004 0.0 0.0 ~-0.0346 0.0 -0.0173 0.0 -0.01887 0.0211 0.014 0.053 -0.0527 0.04 0.0452 -0.0104
feg (m)| -0.0425 -0.0342 ~0.025 -0.0167 0.0993 0.1326 0.089
Bilge-keel Lsx. tm) 0.25 Lpp 0.25 Lpp 0.25 Lpp 0.25 Lpp 0.25 Lpp 0.25 Lpp 0.35 Lpp 0.35 Lpp 0.25 Lpp 0.0025 Lpp| 0.37 Ipp 0.37 Lpp 0.25 Lpp 0.25 Lpp 0.25 Lpp
b&K}m) 0.00643 0.0114 0.0077 0.00900 0.0045 0.0045 0.0054 0.0054 0.0076 0.005 0.0041 0.0041 0.0052 0.0052 0.0090
Radius of transverse 4
gyration for roll K¢ (m) 0.382 B 0.355 B 0.330 B 0.3240 B 0.2513 B 0.2602 B 0.223 B
Natural period 1. 4
for roll T¢ (sec) 2.43 1.51 1.68 53 2.242 1.414 1.30 1.405 1.07
Rolling axis G o} o} G o} G & O o G G G G G G G G
Rudder
Appendage Rudder Rudder Rudder Rudder Rudder Rudder Rudder Rudder Rudder Rudder Rudder Rudder Rudder Rudder (153.19
. (75.85) (75.85) (75.85) (32.46) (32.46) (25.56) (26.67) (87.5) (38.9) (B6.635) (86.635) (91.59) (91.59) Shaft bracket
(Rudder area (cm’)) Bossing 63.3 L.T
Trim 0 0 0.57 & & 0.985 % A 0 0 0 0 0 0 2 %A 0 0 0
Rolling amplitude (degee) | 5% 109 15¢ 10° 10°, 20° 5¢ 10% 15° 10° 10° 10° 5% 107 15° 9% 10° 5% 10% 15° 5¢ 109 15° 59 107 15° 15¢° 10°
Forward speed Fn 0, 0.15, 0.25| 0, 0.275 |0.1, 0.2, O. 0, 0.25 0 0, 0.25 0, 0.20 0, 0.20 g:zg;lgfzs g,zg.ls, 0-20) 5, g.10, 0.15 0, 0.15 0, 0.10 0, 0.15 0, 0.318
SR-108 ship Twin screw SR-108 ship SR-108 ship SR-108 ship| SR-108 ship Full load Ballast :__‘"_j Ref. [6] Ballast Kasagisan- Kasagisan- Triple
R X Full load type Normal Ballast Ballast condition condition Geondgim condition maru maru screw type
emarks condition Ref.[2] condition condition condition Ref. [4] Ref. [7] Ref. [8] Ref. [9]
Ref.[1] Ref. [3] Ref. [4] Ref. [5]
Fig. No. Figs.l.2.2 | Fig. 1.2.7 Figs. 1.2.B | Figs. 1.2.11| Fig. 1.2.13 Figs. 1.2.14| Figs. 1.2.17|Figs. 1.2.19 | Figs. 1.2.22 Figs. 1.2.30}Figs. 1.2.35|Figs. 1.2.38| Figs. 1.2.40| Fig. 1.2.42 Fig. 1.2.43
no1.2.60 v 1.2.10 A 1.2.12 A 1.2.16 A 1.2.18 no1.2.21 v1.2.29 n 1.2.34 n 1.2.37 " 1.2.39 n1.2.41

* Research Institute for Applied Mechanics, Kyushu University
** Nagasaki Technical Institute, Mitsubishi Heavy Industry, Ltd.
*** QUniversity of Osaka Prefecture
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Table 1.2.2

Damping coefficients of 3rd order approximation

Fn coeff. : :
Container Cargo ship Tanker Ore-carrier
8, 0.00082 0.00061 0.00209 0.00308
0 B 0.03690 0.04908 0.04168 0.03262
By 0.08474 0.08994 0.03877 0.12170
B, 0.00316 0.00359
0.10 B, 0.04453 0.04110
Bs 0.03581 0.07783
B, 0.00374 0.00242 0.00344
0.15 B, 0.02531 0.03755 0.04254
B, 0.09835 0.08755 0.05524
B, 0.00332
0.20 B, 0.03551
B, 0.05226
B, 0.00628 0.00389
0.25 B 0.02125 0.04033
Bs 0.03567 0.02206
B, 0.00671
0.275] B, 0.01402
Bs 0.05097

Table 1.2.3

Damping coefficients of 2nd order appfoximation

Fn coeff. @ : : :
Container Cargo ship Tanker Ore-carrier
0 gl 0.00006 0 0.00161 0.00193
B2 0.05563 0.06999 0.05180 0.05667
0.10 El 0.00272 0.00281
By 0.05387 0.05975
0.15 B, 0.00286 0.00156 0.00276
B, 0.04702 0.05785 0.05696
0.20 ?1 0.00282
B2 0.04752
0.25 §1 0.00571 0.00368
B, 0.0321 0.04548
0.275 ?1 0.00596
B, 0.02851




7" 0=us 3e ‘puod peol 1TRF WATa drys xsuteuod :(T) ¢'z'T 'bra

m ..Ail
~
gt (o]

g0

*Xo4ddo sspio puz :
'xo4ddo sepio pig .

$1- " v

«01° " x| axg

oﬂ-(& (o]
§2'0=U4

§00°0

roloo

—sl00

r0coo

ST'0=ud 3¢ "puod peol TInj yats drys zsurequoy :(T) £7¢°1 "b1d

~
U o g0 o]
1 1 1
600°0
o100
[
x
‘x04ddp JBpIO PUZ i - — — - €100
‘xo4ddo sopuo pilg ;. ——— ¥
oS-V o 0200

-Os-qﬂ x | dx3
Py (ﬁ o

S1'o=Ud

[44=] ﬁ—

g —3—

A’

0=UJ 3e "puocO> PEOT TINI Y3Ta dTYs IsUTEIUG)H "@ z°z°1 *bTa

®—t——

St ol $0 o]
=0 -
x
~ [) x v )
= o ﬂ S00°0
x )/ f1
v,
x
-7 P FO 100
1104 doj ° o o\w\\
pouad pimoy . 44 e
‘X04ddp J8plo pUZ : - — — - - x % - FSto0
‘xo4ddp Jspio pig
v
S v e 7 0200
PYe R s (& x me
oG = 1& [o]
O=Uq

:nm pue *'g SjULTOTIFS00 burduwep T[0a uaemiaq uosTtIedwod T1°z°T “BTa

0°T S'0 0
T T
O
o ¢
¢ 7"
o
v v
4 10°¢
e}
v
(sTsATeue -xew-p) g : QO
0 ¥y
(s1sATeue 13TINOJ) **g : Y
> ,qzov0

g ‘*vg

.

g ———



1°0=ud 3® °puco peoy

Tewzou yita dTYS IDUTRIUOD "® 8g T "5Ta

¢
Q' 50 o}
T T 0
45000
10100
46100
oowu@ © o —0200
0t=Y 1 x
10=ud
778
‘PUOl PDO| |DWION
a_Im. YINIVINOD 80LYS
0=ud 3e "puco
peol 1103 y3tm dIys IsUTEIUOD "® L°z°1 "brg ,
NV
o't S0 i}
T T o
45000
-oto00
45100
sLz0=ug:o 70000
O=ud:+
o0t= Y4
77
g
pROy ing

(#0135 UIML JJIHS HINIVINOD

dTys 12uTe3juos 103

JuaTDTFFe0d burdwep rox uo peads piemiol 3O 3I92333 n@ 9 z'1 "Brd

O —t—
~
G [N} [*e] (o]
i 1 1
F600°0
0100
rS100
‘xo4ddpispio pig
e Vv F020°0
v v .51z
o)
a X s01=% &
. o 5=
GLZ0=ud4 0=u4
SLT'0=Ud 3I® ‘puod peol ITnJ yitm drys ILuTEjUL) "@ S Z°1 "brg
m .AI’
v
G (o] S0 o]
1 1 1
[ $00°0
[
Fot00
x
'X04ddp Jopo puz ;o - v [s100
‘xo4ddo sap1o pig -
oS-V o 0200
0% x| dxg o>
»
oG = 1& o &
§22°0 = u4

-2 9 —



SR108 CONTAINER SHIP SR108 CONTAINER SHIP

Norma! load cond. 'é Normal l¢ad cond,
R ' “ Fn=0.3
Fn=02
x 1 Py =10° x o fp=10°
I ) e
0020 o ¢, e20° 0020[" o Pa=20
corst
0015
oo
0010
0005
0005 |
0 L I
0 L AIO; 0 0.5 1.0
0 05 o A pe} .

Fig. 1.2.9 (3): Container ship with normal Fig. 1.2.10 (3): container ship with normal
load cond. at Fn=0.2 load cond. at Fn= 0.3
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Fig. 1.2.11 (&): Container ship with ballast

cond. at Fn=0 Fig. 1.2.12 (@): Container ship with ballast
cond. at Fn=0.25
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Fig. 1.2.13 (5): Container ship (SR-108) at Fn=0
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Fig. 1.2.14 @: Container ship with ballast
cond. at Fn=0 (about G)
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Fig. 1.2.15 @: Container ship with ballast
cond. at Fn=0.25 (about G)
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Fig. 1.2.18 (7): Series-60(Cp=0.7) with full
load cond. at Fn=0.2
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Fig. 1.2.19 ‘: Series-60(Cy=0.8) with ballast
cond. at Fn=0 {about G)
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Fig. 1.2.16 @: Container ship with ballast
cond. at Fn=0, 0.25 (about Q)
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Fig. 1.2.17 (7): Series-60(Cp=0.7) with full
load cond. at Fn=0
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Fig. 1.2.20 (8): Series-60(Cp=0.8) with ballast
cond. at Fn=0.2 (about G)
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Fig. 1.2.30 Comparison of roll damping coeff. between Fig. 1.2.31 (@ : cargo ship with full load cond. at Fn=0.15
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Fig. 1.2.32 cComparison of roll damping coeff.between 3m 0
cargo ship model (B,,) and 2m model (l;:.) at Fn=0.2 ;
Fig. 1.2.33 : Cargo ship with full load cond. at Fn=0.2
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13 XAEAEBEAUVICKAETHAUNBHERENLABRCLIRENERELR

BELARBENNW NIV O RKIEEER &2 b3, RERERIEREMLE T2 LEAMNOHRETS
5o '

FREMELF TR T, HURE BERZ, THUASKAEEHEE LSz o t3BLLTHD
B, BENASS PIIBERR L 7 e, KAERABENEEIC 20 2BRBERROEGREE OFMEAERET L b
55 LrlESh, ANERHKBAERALZIATY S, |

LaLAans, EHRECRBL 2 KAETRUBRFENCHET 229 2T RABMHBRNICL - TB 5ha K
Rff L, RABHKENL, &S AERHRBRC L3 T Ly, EORE-HT 500 EREL ARV,

TITHR, FOREBRAERICLOBIEL Bl o TERTER ST A TEBAT I Z LT 5,

131 B F E /

£EBuZ pure roll L L, KOBBAEEBTERAZRET 5,

A +Bi S +Bad || +Ci1od+Csd®=m(t) (1.3.1)

721EL, Ci, CalBERNME L ORD LN B,
(1.31) ROBREBECEEDRR S EY 2 FHETEMKRILL 2F B Baug, Cag TKRA

Ave®+Boug® + Coynd = m(t) (1.3.2)
DZELBIB330 T Age» Bug 1,

A (@) = [ Caa — (Mo ) cos @]/ w? (1.3.3)

Bug(w)= (Mo Ysina /o (1.34)

L OKED, TITMo,doldt— 4 v RUBRKOERE, $50vid7—V = AX7 t LIEEBTHY, ald,
ENOONHEETHD. FREARTH > T, BEDLINEIHAEIRERO 2/ s X} ) =5 b, EBhA
¢u)aﬁbmu)oﬁé&ﬁoﬁ@mumgfaMW@@M%ﬁmzwméfaamm HE R RN NGH
34 AEHAMCERT I LIC LY, ZALLOBKTEMBELI N B BERE»R 2 2 LIk 5,
=%, (L3 1)RPRITHHRTRE, regular #HBR, =41 ¥-—HREEL SKROBB(IH?2 )

8

B44E:Bx+3_”(w¢o)32 (1.3.5)
1

Cop=Ci+ 5 Cs iy (1.3.6)

RHDIEH, FLRBHABE =L -RELRIICT S, WbhbddB/MMREERC LY

=B+ /
B44E Bl %o(}ﬁBZ ( 1.3.7 )

C44E:C1+3‘7¢2C3 (1.3.8)

RBBESAHE I EFMSENTVS (XHR3 ), ::fo;,o; & 4 B A0S, SEhARE S BT
HY, PURER 0o DRFTKAR 7 P ATk aé,:wogb&é@fc( 1.3.5 )REOMErERINL 5,

Lo BIth & Hv i BRI B, B, R BT 0T — 2 v b Ay OB SR ( 1.3.1) AVBELER
MY HFRTREEBIZ L VFRE S, Fig. 1.31@3 70 —F4 Y254 Td b, HENHEE RV AMBED £14
LAY — @, BESS TR ) s HFBEAVTY S, &R % (Fig. 1.3.2~5) 2R 5, HBEOMD
FTRN T ARBOBR TR ROEHRERDO LY T 5,

~ .
Age = Ay P<7B? (1.39)
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/B“E = Buyg/ osB?) +y B 27 (1.3.10)

N

By = (B;/0~7B%?) /Y B, 2¢ (1.3.11)
/\ "

By = By P<VB? (1.3.12)
\

Casp= (Cys/ 0B2) « (YB 27 )’ (1.3.13)
AN

w = w-+y B 29 (1.3.14)

Fig.1.3.2,3 &+, RIE—E, AFENE-COREMRIEBNOFT, RbEBO LM s At ) —¢t) &
51T, BMG A7 B, Bl ESWTRAODOm)EEHEL, (1.3.4)Ric kY, §44E25}€&>7‘:$®b3ﬁnﬁ
ThHodo Koo — BEfRZ, REY A7 B, Belc k5 (1.3.5 )RD, o %95 4 -2 LT BugTHI, IR
W (Bo) —EOBEARHOBA D cBLTHELYD, ¥7c, HEERE (0dy) —FoBEHCELT, K
FoERLLZ, ARLS, FINBROFHHEEL -HL T3 I LHb2 3, Lkds TREE—EO BE®RAO
%émﬁuEw%ﬁﬁ&ﬁdxzﬁm:; DRHhIE, 0=0 am‘z,ﬁ»iﬁl #, ¥/, EHOEROI, L DBy

By = :—;)tan 0, (1.3.15)
ELTRED, FRICL T, MEERE-EOBERBugtwdo ~—ABELLFig.1.3.4L 0, ©¢e=0
TOENB &, EROME 0, 0B, #

3

By = —8— tan 9, (1.3.16)

ELTKRES LI TH B,

7, Fig, L35 3RRABHBFENOBEETHS, FERFig. L.ILELEALTHH P, I TREFELD
R —ARZ P FakbE R, fIHES VA ACLT, EREOARCLI VBB OS M4 AT ) —RFHEBELT
Wi, BEERVANRE R, SBEIOEXECHENNL 1 EHS, 2082 Lrb0oxAvTwa s 5HfE
ﬁ%dﬁ%&“bﬁf%éoit,M@dﬁnlx&ﬁbw;DﬁﬁbwaoQBntﬁnﬁOB“EDSN
—ADOVHEL Bk 0y < —AT ey PLIONRFig. 1.3.6 THd, BINCH 27 B Baick 5 (1.3.7)
ROBEREBRCTED LA brd, Lehi-TI0HES, 04=0THIEL Y By 2, EHOMEEY, L

By = /% tan 0, _ (1.3.17)

LU TBy K& 5,

B Eic & D, iSSR0 O SRR L VB Oh B, & &, HHENAIERE fo, WIENAREEE
©@o, 2, HMENBEENMFOA— b O <~ A EEL TEMIUL, (1.3.5)REkix, (1.3.7)R
EBATHIEEROYR RUEE L UB, B B REB T Libhonte, 7L, 2ITRIDOEIT ALY (1.3,
1)AT, BASKBIRTRIUTIZ L 2RO CBERN I L EBTOLENSHS 9, £/, B, Ba i
—BEcEEbice, o PEBEEASN DY, BUROEAMNSALEEZRD L 5 LV 5 8A» 5, B RTERT
BBEL, &, B Fid0 o~ —20BHEH RO, $o DADBBELTEI Z LicT b, LichiaT A
XBICEF T h 2B BEBBENORAEBEROHREABDHICASTLBZ LD, BENENIAuiCE
LT, ERESTorz b/ N EhfEéAn ), BBFEBRXICEA>TAZWADHMEER S LR >TD, &
TT(L33)AFDCoy VROV HFEROFHRUEERBLL (1.3.6 )AH2ViX(1.3.8 )ADOCuur &
EAiXFig. L.35FOSBTRTT LS, BIEIN, 52 AW PEIRESZ LX), RRTIEFHOFRR
EEERTILENS B DI TH D,

% fo, BAER~7BHEFER BTN O A2 Ky, RHRABEhOX <2 b v Fi), RRORR LIZETF L
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bOEFE>TWDZ EEMET Do 1250, RER, HARETH S,

.32 R 82 # 8
ERIZHALIE 0z, SRI08DST-175 mB 2 mBRICEBREMH F Table 1.3 1107, 22 CIIER

EHMO2RENV S D, BRREBOBMIIFig. 1.3.7 Tho, RHKENEE S +—Fe— & 26l EHITLE &
LTW2, £7, BABRKTEFNALFig. 1.3. 8 TR, RB—ERVAEERE—TOBESEH 7 — v
2 AT PAORE, Fig. 1.3.9, 1012, £/, FRAUBRHBEND A7 - 2A<2 b L OB % Fig.1.3.11 7
TYe BOBODEKBIZILD B, g i Fig. 1.3. 12~ 14 ZPIART L5 BER~— A2, BEEBRTLEL
NI ED v T e mm —BEBNDH, & XTB T FIER & O BRI LUZHE—BOEA & 4 5 B,
B 03560 5. MRBRBENA~N-2, 74— FEFn ~— 2T, Fig.1.3.15~187/4 50 Table 1.3.2
ILELDHTRT,

By £20TiE, 7 A= VRV L THTEER—DEL & 5720 T, BERUFEAEHOEE LS LT,
Fn~—-ACERBOCELT 52— ADRCRE L, —F, E0LIAB, 2dEe LIcFn~—=ADB, i,
BABHBENLD: O L Vb TS, B, DEAFn OMA L L3 CHAT BEANT- XD LT W5,

BRENAS , - ACELDLFig.1.3.17, 18D ER S, N-ATREERBETEA V0 $ = const,
DAEBHEENRT irregular DEREBE L LTAPRTEALTH B, ¢, =const. THBL 558
BN L 3 B, i3 < 7162:ﬁﬁﬁi&w%ﬁ&#%%%@%étf%%:ﬁmﬁ?ﬁ51)2, Fn DX L o
AFVOBEEPHEE DA TIIT—RHL T3,

WTHIZL T ZORBEDEFDBVIZLED By o (1D E 0 BT, $o ~—-ATRDE, Btk
M—ETHDLRTELODABVE S Thb, EOMETHNICTELILONFig.1.319~25 0 ( w— ¢ —
By )RTHZ, BITENENALA > TV B, 1 SRR AB AR L > TH 5By, B, #( 1.35)
REBHTHDTRELILSDOT, MBS & TRRBHOM B AR ED Byy p L1055 TR ) —5 5 &
IERERLTVWBLVR LS,

i, RABEHEIC LERY, HIETEBHBMREOBBIZIOVTFig. 1L.3.22 TR LTH B, Zhi bk
DECHLTVWBLWAL Yo HELZOBERABRHABKEVINREIEIS £ THY, Thbllok BE T
EOBRE-TH1EHS TR,

Fig. 1.3.2613, Fn=0275 OFRAUBEHEENICOVWT, Byg BHERTORKENA, HEEH
A, FHENABEEEC L > TByy PEALEZSDTH S, 2 FLERHR & B0 H B RE oD BBR L AT W
TENHISTIRLIRB T, BEBEAOHEARD S BRAENA (b, ) FRABBENLOBEO G LA R
TETRABBRWOBRR ARSI BERETEX I LARESN S,

DEABOBERTEN/2 LD, ERAUNBHEBNLTIASATORVWABED AERS, 7500 ABE
DABUBHERNC BT DBBEREBV S MG ERTE B L VIS ST OIS 52 L 2R L7 £/ 20 fins
bHhDE, RELAKOBECHNERET D BEBRHNERIEBAOBESHHTEL VA L5, 5L, =
NI HETHEATS > THEOMBIC OV TNV A D089 23 E SR ERIC L 2RO BAEND AW
BEThHD 9,

2 = 3 8
1) BAEMHARH 161 FREE s MO PR HEREREE ORI £ & FOEF T SR HE R, Fr R,
N 275, WEFIS243 A
2) BARE, THS; REBHHBAORENC T, RBERLLE %465, WAI8ES
3) Kaptan, R;Lecture Notes on Non— Linear Theory of Ship Roll Motion in a

Random Seaway, Rroc.l11th I.T.T.C.Tokyo 1966
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Baac Fourier Spectrum Baag
of (1)
ue =0 R 1003
Bad- B2 08, % ----s/\- \ | 290
ool 3t Vi £-<2$:0.8632
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/=7 guen \VAAERR = ane W
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oo Wm 1003
1002
0.05—
1001
0 (o}

Fig. 1.3.3 An example of Bss and A4y obtained from

simulation of forced transient roll,.

(Amplitude of angular velocity is const.)

l
A
Baae Baage
0.01
Bi1=0.0058
0.005 —
—10.1
1 | ~
0 0.05 0.1 wWdo
Fig. 1.3.4 Comparison of given Bssp and the obtained

Bssw from Fig, 1.3.3
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Fig. 1.3.5 An example of Bs¢ and A4y obtained from

simulation of forced irregular roll.
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REPRODUCTION

DATA RECORDER
RECORDER I
Sl Ci NAL
DC DC POWER
AMPLIFIER AMPLIFIER
-
DC STRAIN R,S,\';%LE SERVO
AMPLIF(ER | ree0 | AMPLIFIER
[ER g
ROLL ”’97”’
MOMENT T er sfructure

G/

\

BLOCK GAGE

POTENTIOMETER

Kﬁ\\ \__MOT@R

REDUCTION GEAR BOX

—>V

Fig. 1.3.7 Flow diagram of the controlling signal and

rccorded data of forced roll experiment.

Table 1.3.1 Principal dimensions and experimental

conditions of model ship.

SR-108-87 ;Scale=2/175 Full Loaad Normal
Ship Form Condition Condition
L 2.000 (m) 2.000 (m)
B 0.290 (m) 0.290 (m)
D 0.176 (m) 0.176 (m)
d 0.1086(m) 0.0971(m)
Trim 0.0 (m) 0.0 (m)
Cp 0.570 0.559
v 0.0359(m3) 0.0315(m3)
Rzllirg Period T (in Water) 1.630(sec) 1.245(sec)
Tsilirnz Fregquency w 3.854(rad/s) 5.047 (mmd/s)
Nondimensional Roll.Freq.Qy 0.4688 0.6139
KM 0.1202(m) 0.1187(m)
GM 0.0116(m) 0.0216(m)
KG=d 0.1086(m) 0.0971(m)
Kxx/B 1in Water at Fp=0 0.302 0.315
Kxx/B in Air 0.273 0.289
Bilge Keel :Length=Lpp/4 0.5 (m) 05 (m)
Breadth 0.0051(m) 0.0051(m)
Rudder with with

— 43 =
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rolling angle.

Limitation of

Time HisTory oF RoLLING ANGLE

ACRYLIC

PLATE

e

A

0.527 ¢, ~___ 30DEG
RAD T Y - -
~0.575 \f
a 5 10 15 20 S8C
RA% 6592 T [ J6a)
ec FOURIER SPECTRUM OF
RoLLING ANGLE
{ﬁ; Natural Frequency N .
0.2 04 0.6 0.8 10 W W
[ )
2.00 1
0 02 0.4 0.6 05 1.0 1.2 g
314 Y pra (M
Arg(?i{//
0 Q 0% 06 a8 0 D

-3.14 J

. 1.3.9

An example of experiment of forced

transient roll. ($po=constant case)



TiMe HisTorY of RoLLING ANGLEl

0.420 +dw
RADI |MMA A l! 30DEG
~0.640
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FourRIER SPECTRUM OF
RotLING ANGLE
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Q Qs 06 Qg ‘10 12 D
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-1.74 .
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I

2.07

FOURIER SPECTRUM OF
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\
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0.2 7% [ 08 0 12 @

Fig. 1.310 An example of cxperiment of forced

transient roll. (@w¢o=constant case)

40
OEG 0.5 RAD
20
0 | — 0
@ 20
— -0.5
. -40 So 7 éd
k- 0,06 RADZSEC 0.8 RADZ/SEC
30 - N=46.5 (Number of Zero
Cross/2) L.
211 =0.279RAD |-
Z 2614 =0.516RAD
261,10 =1.09RAD -
20 F 26, =1.16RAD |
o =1.51Sec a:‘o,ozg] [~
wt 0 0.4 0.8Hz 0 0.4 0.8 HZ 1.2
‘ N RAD.
0 0.25 0.5 0.75 1.0 1.25
(71.6 DEG)

Fig. 1.311 An example of experiment of large amplitude

forced irregular roll.
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BLWE FROM THE FORCED TRANSIENT
ROLLING.

o
—_ - ———-quE FROM THE FORCED
IRREGULAR ROLLING.

~
Fig. 1.3.19 Threc dimensional expression of BnE by the
1.3.2 .

formula (1.3.5) using the Table

B FROM THE FORCED TRANSIENT
4le ;

A
w

Full Load

Fo = 0.1

ROLLING.
——---——Bqu FROM THE FORCED IRREGULAR
ROLLING.
1
7/
e
4
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’
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=Sy A IRV _-7/
A 7 Ve /
8= ‘s g oo ‘_l{
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il . a
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Fig.1.3.20 Three dimensional expression of Bsw.




— --——Bqu FROM THE FORCED IRREGULAR

BquE FROM THE FORCED TRANSIENT
ROLLING,

ROLLING,

N

// F-U“, Loa.A |
. “ Fn = 0.2

—_— -—-quE FROM THE FORCED

0% 08 rZ

~
Fig. 1.3.21 Three dimensional expression of Byg.

BquE FROM THE FORCED TRANSIENT
ROLLING.

[TRREGULAR ROLLING.

FROM THE DATA OF
FORCED REGULAR

\4

\r
)

/0° ROLLING. (REF-1,TASAI)

Full Load

N n = 0.27
O F 0.275

A
Fig. 1.3.22 Three dimensional expression of Bysp by the

formula (1.3.5) using the Table 1.3.2 .



BquE FROM THE FORCED TRANSIENT ROLLING,

NOTmCl.L

Fn = 0.1

A
Fig,1.3.23 Three dimensional expression of B“E.
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Fig. 1.3.24 Three dimensional expression of ByE,
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L.W.L,

%ﬂ Series 60, Cp=0.6
O : measured midship section
- ; calculated T=1l.6sec
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Cegl=t,/ 4 pibwbo) )

Fig. 2.1.1 Shear stress distribution on ship hull surface in rolling motion.

0.0015,
Series60,Cp=0.6
A eeaaa : Kato's formula
Bp ——: calculated by Ikeda et al
8y =10deg ——

0.001} v =1.139x10 ~® m?/sec ===
0.0005¢

0.0 . -

0.0 0.5 1.0 @
Fig. 2.1.2

Frictional damping coefficient ﬁp for
Series60,Cg=0.6 model at zero advance speed ,

— 60—
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Fig. 2.1.3 Frictional roll damping coefficient of ellipsoid model.
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Fig. 2.1.4 Eddy making component of roll damping
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0.01
measured
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Fig. 2.1.5 Roll damping coefficient 344,



A.R.: aspect ratio
a : amplitude of sway
b : span width of flat plate wing
LS s ——
N
~ - h . \ = - = -
B \K \\\\\ \\\\\\Q::\\\\\f\_ﬁﬂﬂ_ﬂ_gi;f{ij;ﬁ
EN ’ — .R.=0.06, a/b=1.0
Bro \\ - \\\\ ‘::ﬁEf'--—ml___»___
N S AR08 3T
° \ ~. 8 a/bsllo
—_—
A.R.=
\..\ R:70-08, a/b=0.75
o -~\A“.R.=o_’17
' ——
0.5k o Ikeda's formula -_—
measured
O : Series 60, Cp=0.6.
© : Series 60, Cp=0.7
(o4 A : Series 60, Cy=0.8
o ——— :mean line of measured values
° a for swaying flat plates
by Yuasa et.al.
o a —"—— imean line of measured values
for rolling flat plate
(o]
0.0 N o SN o . N =
0.0 0.1 a 0.2 1/K (=U/wL)

Fig. 2.1.6 Decrecase of eddy making damping at

forward speed,

- o)
Series 60, Cp=0.7 o @8 §
0.003f roll axis : O o o
3. iB & = 0.32 g
E estimated
8 ——: Yumuro's formula
O : measured
0.0 N .
SR 98 tanker
0.003¢ roll axis : O )
+B @& = 0.31 o
Bp+By i 00
(o) o
0.0 . .
SR 159 tanker
0.003¢ roll axis : O
A~ A & = 0.36
BE+BL
0.0 . N
SR 108 container ship
.0'904' {single screw) g
B +BL roll axis : O
E & =0.30
0.002¢
0.0 A A
0.0 0.1 0.2 Fn
Fig.2.1.7 Rpll damping coefficient of eddy making and lift

components,



measured
(o] Series 60, Cp=0.7
A : Series 60, Cz=0.8
® : cargo ship model
& : SR 98 tanker

-——— : Yumuro's formula

—— ¢ Jkeda's formula
— — : calculated by Ikeda et al

a a

-0.6 -0.4 20.2

0G/d

Fig.2.1.8 Effect of position of roll axis on lift component.
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Fig.2.1.9 Radiation wave amplitude for two-dimensional cylinders.




A=2T/L=0.12

02~
a) Wave Making Component
Cq =M2 £ :wZ_L_
a W pgLBd L™ 79
L uv

01 25

Fig.2.1.10 Examples of calculated results of wavemaking component.

B w=4
w {(rad/sec)
kg-m)| S~ N\ e
0.0001}

basic term \

_______ - basic term ® .
0.0 .
B w=6 ——: calculated for
w doublet model
0.0002
0.0001¢ basic term
0.0 2

0.0 0.5 (-wu/g} 0

Fig.2.1.11 Examples of calculated results for doublet model



B44’
(kg-m) 8,=0.15rad
w = 4 (rad/sec)
0.10}
0.054

calculated
by Ikeda et Rl

0.0 . N R
*
B -
44 8,=0.15rad
L w = 5 (rad/sec)
O : measured

Q =1/4

t

0.10 _/
P =
0 —
-
0.05 / BL
—
—

0.0 A . ) .

0.0 0.2 0.4 F,

*
Fig. 2.1.12 Roll damping coefficient Bgg of flat plate model.

mark byx ¥ number test method model
cp . o 1.0cm x 1
N o 1.0cm x 2
10+ \\‘ A 1.5cm x 1 free roll ellipsoid
N\ a 0.7cm x 1
] 0.9%9%cm x 1 2-dim. cylinder
5 -
) arrleee- a
%
........... mean line of experimental results by Keulegan et al,
Shih et al and Paape et al.
—_————— : Ikeda's formula
0 1 i i
0 5 10 15 20
maxT [[TF g
2b bpx "
BK
Fig.2.1.13 Drag coefficient of bilge keels.



a : amplitude of moti measured
of bilge keel " {0 : full-hull form
20T A @ patrol-boat
O\\ estimated by Fujino's method
15 L Q \\u?// (full-hull form)
\ E}\\\.
\ TD\\\"\4D
O \‘\_\
10t O
N ..
N estimated by Fujino's method
\Q//(patrol—boat)
- L )
filat plate
(Exp. by Yuasa et al)
0.0 L L 1 1
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Fig.2.1.14 Drag coefficient of bilge keel.

Lewis Form Section
( 0=1.0 , Hy=1.25) measured by Takaki
a : amplitude of motion O: bpg=lOmm
of bilge keel X : =15mm
JANE: =20mm
“p \\
\‘\\\\\ Fujino's method
~ _ -
10 + ~ . u=1l.56 (bBK—_—lOmm)
A SO .
\ -~ T —
A'x O T~ -
\C)
. A
Q.
\
XR T ox g—
X
flat plate (Exp. by Yuasa et al)
0 ! i 1 |
0 1.0 2.0 3.0 4.0 a/b;

Fig.2.1.15 Drag coefficient of bilge keel.
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Fig.2.1.16 Effect of advance speed on normal
force of bilge keels.

CE=C17”9. L=3.00m
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Fig.2.1.17 bDrag coefficient of bilge keel at forward speed.



15.0 }
Ch (?
0 %o a2 —
0
10.0 ~n o O—0
— \calculated by Fujino et al
5.0 r a=0.046 m
a ; amplitude of motion of bilge keel
K ; reduced frequency
0 1 1
15.0
Cp CI)
10.0D0 &
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A onO o o o
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Fig.2.1.18 Drag coefficient of bilge keel at forward speed.
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a
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Fig.2.1.19Pressure distribution on hull.
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Fig. 2.1.20 Effect of advance speed on pressure created by
bilge keels.
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Fig.2.1.21 Radiation wave amplitude of rolling two-dimensional

cylinder with and without bilge keel.
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222 & #& B 9 Bgp _
Fn=0R0@BBEOERRST OFRK B 3 #ido L) ciEBRA Fic k- TRED EFE A TIV, ks
RETHO L 52 2R CHBT 2B A LMBERBO Lol ATHBET IHE LA T, ENFHEFig. 221
EATIS 1 KA THRET 5 &, HRRPCLOBWRET— 2 v+ MRe#R

2 R BRI T

MREZLdz{(l—-—?—)(l—%}—%—>+(Ho—%)2}E;—m " (2.26)
1 ASEEETE TR ' .

MRE:Ld2<1—'Q-dE+4f2H02 P?m A (2.2.7)

LhBe 22T, LEZATRENES, dlBK, RiECr LR, Hooiemmmtt(=2‘id), Prm 12§
frEic o s EARNTLETOENZEERDL, f: RREHEMRERDTBERRTSHS, (2.26)R
L(2.2.7)Re, 2SHENECTL LAY 1 AHEEETO & 3 BYABEES & B TRRAO LS &
120K TLHBZ LBTES, '

2 P
MRE=Ld2{(l—flg)(l—OTG—fx%)+f2<Ho_f1%‘) }?m (22.8)

ST I, BB S SN ERAR OBBEEATKRR LT B
fi =501+ tann{20(s-07))] (2.29)



FEANZPmiZ, #E2RTHHEOBHBRFNRRT (2.28) RELOMre 25 15 L EBRMICKRE 5, PmD

2 Pm
30 Ymax 0101,

hERE LD RAWE Vmax & FIHWE Vmean L 0L 7 (=%) BT 5 L LCEBEL 10 AiFig. 2.2,

ENtR#Ccp (= Ymax A#Fnh Ol SMERTE ToBKER) 2 ERL, sl
2THB, ZORNRLCpNDEBRAL L TR BB h TV 3,

Cp=%(o.87e“7—4e“°-1877+3) (2.2.10)
¥ MBEHOBERE fo EBRA L L TRERXEE L RT3,

f2 =—é— (1—cosma)—15( 1-e % 1_0))sin2 mo (2.211)

(2.210) R0 742y OHEPBEBERILTOLE Y TH B,

Yz f 2M
r= 2 (rmax + 2 /A*+B?) (2.212)

0G — H

2d(1——d—)VHo"
eZL,

M=—5 2.2.13
2(1+a,+asg) (2.2.13)
H=1+af+9a2+2a;(1—-3a,)cos2¢— 623 cos 4 ¢ (2.214)

A=-2a3cos5¢+a;(1—az)cos 3¢
+{(6=3ay)a+ (af—3a)a;+0a2 } cos ¢ (2.2.15)
B=-20,sin5¢+a;(1—a,)sin 3¢

+ {(6+3a)af+ (3a,+a2)as+at } sin ¢ (2.2.16)

rmax =M/{( 1+ay)sing-az;sin3¢}? +{(1-a, Jcos¢+azcos3¢}?

(2.217)
”/:Z_:g'g/% : H"/:l——gcg/T (2.2.18)
0=¢, { rmax (¢)= Tmax (¢2) |

= [%cos_l%‘il = ¢ {Tmax (4)< Tmax (¢) } (2210
fai=1+dexp {—1.65x10°(1-0)*} (2.2.20)

TEIT, ay, 0 EEERAL O H, , BETERENAC OBEO A AD-T 4 2T h B,

223 % Hh M 9 By
BHEFBLIIKA TH A 5N 5,

BL =5 # SLUkN Lo £x (2.2.21)

Tz, SLHMER (=L-d) k@ BHORES, Lo MMna Ll oREIMAE & S EE Co IR,
Lr BB Ll S RIENRO BAER O OB EED T, BB oR, REERL AL TRELMAE
BBESOB DRt LB T 5 xz LARL,) KBERSERL T Lo, £r BAK L Uit
Ly =034 | (2.2.22)
£r = 054d (2.2.23)

£, BBRhB@oBEC LB covTd, EAFRNEEBhLoBRERSE » 0B SR ERETZ AV




CEEL, EEEE b CEENT 3R E < BRI OB IS By 0 HEAR & L TBEO AR &

7
@Ebf:‘(kﬁfr@‘/‘f:o)
oG 0G?
B =—~ULdk Loly(1—14 =—407—"— 2.2.24)
L N 40 R( ZR £0£R> (
7, BHAERGK L HBRLAL CAROBRALE AV 5,
k=224 4 ¢ (412 —0.045) (2.2.25)
L L
0 , cu<o092
£=101 , 092<Cy=0.97 (2.2.26)

0.3 , 0.97<Cy=0.99
224 # ® R 9 By
Fn=0R0&EHERSEOSM™ THEL, ZOFn=00KOBCiEEEOBELXTo L ET 5, 208
Fix, “EREHL2 2RV A F L0 TOERTERREB LU TR BBEORBRERESE LT,
Fig. 223 Tt Lo aQ(=0U/9)=1/4filicRAEA /b, Q¥KEVFC—EEA: &2 2BH
BrBYicED, %< @&ﬂ%ﬁﬁ%m&A;ﬁlU‘Aﬂ%ﬁﬁ&ﬁu\fcp Ay, A 2R DD ITHic » TR, BRE
NOEERMBL D, BHE, BRBIUBIRAOHETCELELSE, BIZEERRFLEA AABITV A OX
B % Fig. 224, Fig. 225 Cm¥o Lo Re s s L BEERFTIKATHET 52 LB TE 20

28)

AN 1 AN
Bw=*;Bon{(Af+1)+(A2—1)tmm20(0—03)}

+ (2A;—As—1)exp {—150(Q—0.25)"} ) (2.2.27)

A =1+¢& “Pexp(—2£4) (2.2.28)

Ar = 0.5+8d M0 exp (—264) (2.229)
d
rerL, §d=ol—-
L, §d=o p

£ T Buo t Fn=0 ToBHMS BRI Bl 2 Eb+ o
225 ELIF—LED Bpg
U erox—-LOEENES By
EAvF —AOBEEIRS K2 T ( 2.1.10)&@&73%&” FRVCHET S, HUREEE FRHBN
TEbt L, 1MoL F AR LKA LR S,

8 bpg T
BN:3_nPrLBK“’f2(225—T‘+ 2.40bpgr®f, ) (2.2.30)

ZZT, r IBBENEES» S F ARG THE COBEME, LpriREATF - AORE, bpgiREN Y
F-AOBERDT, ERBERKS ooV TRERT 5,

(2 ErvF—LoMREREENRS Bs

w5 D, AT Lo 3 EERD 2 KITH EAR 2 BN S v, REREES 23 KR,
EACF—ABIHDOEEFHIR A o — A LB TRV RSP L, period parameter O
BLHIOFIRVILE, BIVEACF -2V FHROAESHIZEENLRAL L S iZperiod parameter
DHBYEIEC LMo L, REFHRS SOHIRES Fig. 2.2.6 08 To Zh DO EBRIERICE
5%, Fig. 227 AT L RENAHEEEL, AESHES Sob XUy *— VEROENRECY
*EBERE»ORD L5 EEL,

So/bpx = 0.3 (%r;")+1.95 (2.2.31)
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Cp =12 : (2.2.32)
g, Erox—AKEOENHERCp 1, BENEH Cp & cD=Cp+—cp_@§aeﬂ»2§>é TrEFALT

- b BK
Cp =-225 ——— — 1.2 (2.2.33)
P Ty f O,

bl COENEDTAIL2RTMB I 1o r - L oOMBEAENRS Bs KA TE 2 64 3,

4
Bs = 01’ flwl [Cp+ £+ dG (2.2.34)
4 _
= 3 Prifiwl,d® (—ACH +BCp ') (2.2.35)

ZIZITA,,BRED Y IEAON B,

A= (mg+my) mg—ms (2.2.36)
h mi (l—mx)Z(Zma—Wm)
T 3(ui—0.215my) 6 (1—0.215m,)
+mi (mgms + my mg) (2.2.37)
. my =R./d , me =0G,d 1
my=1—my —my ) mq = Ho —m,

0.414Ho + 0.0651m. — (0.382 Ho + 0.0106 ) m;
(He—0.215my) (1 —0.215my)

ms =

0.414 Ho + 0.0651 ms — ( 0.382+0.0106Hy ) m,
me = (2.2.38)
(Ho—0.215m;1) (1 ~0.215m; )

{ Se d — 0.257m, (Sp >»0.257R)
maq =
0 ' (S;=0.257R)
my+ 0.414my (Se >0.257R)
mg —
m7+}/E{l*COS(So/R)}m‘ (SoéOZS”R) )

FheEL2HERERPBLIVEENDPLE A F — L T COFMr 3+ hFhEkXCcH 1005,

' za/Hfr(_;;” (R<d , R<B,/2)

R= d (Ho==1, R7g>1) (2.2.39)
) B, 2 Ho=1, R/d>H)
2 2 2 2
r:d/{Ho—(l*g)—?—} +{1—%—(1*§)%} (2.2.40)

BEREF >0 TREEDRS ( (2.230)R) e MBERAENRS (( 2.2.35)RK ) 0 #EEEO M, €1
VABROFFAASOHHETOEBBREE ) LI CR-D I,

F=1+03e 180U (2.2.41)

B R B >V TRERTEZEEBL T,

226 BWENBEEHMEZr— o VitB70 s 74
BEDFHIz L), ERFTBBENEHTL (<L, Fn=0HOoBRKRS, SHERT, €roF -1 HFE
2RTHIECK Y 2EEMETMCEY L THR2AOEERD S ), ThOoEMABDLED LLERFBLERED
DRED REFBIHTIHREHE VEA TRV, BRBIVEA SF —LRDY D Reynolds # &




Fas AN
B hhnwrEroh, BRITERE B, TELTL Bp Kl BPREFELZIIRITILELTLIVEED
ha,
Zx— 3 VB TR S5 AR TICRT,
BRAMENHE? +— + 2 VEtE T 75 &

1) F—20HAE2AL

Input type

(1) Title (70%) 70A1
() L,B,D,NABLA,CB,CM 6F 10.0

LMK (m), B MiE(m), D IBK (m), NABLA ;BiKER ()

CB : AFAEK, CM ., M FREN ERARK
(3 NUE : F10.0

NUE ; B GRE (/s ,
@ M.N ' 215

M:7nr— FEOFESE (Fn=0Xx00.02/R)
N ;7= FZANSSE (=G0 F -2 72— FVH)
(6) X (i), HOC(l), S1G (1), BX(l), DX(I) 5F10.0
X (1) ; SS number (727LAP%0, FP210&% %)
HO (1) 3 FiE®A L Hy (=BX (1) /2DX(1))
SIG() s MEBEFEHe (=WEHEBX(1) +DX (1))
BX (1)  #A1E (m), DX(L) 38K (m)
6) BBK,XBK1,XBK2 3F 10.0
BBK ;tEAY*—ADIE bk (m)
XBK1 ; EA % —A#OX([) (SS number ) (M)
XBK2 ; ” €A=L
(7 OGD.,T,THETA 3F10.0
0OGD ; =0G d
0G i # LK Hr & BL (EEDG) ¥ TR, &EOA8EKA
L O F oA IE
T , BERENRA (sec)
THETA | BFEhiRIE (rad) .
8 BWOSM N F10.0
BWOSM ; Fn=0RDEE RS (=Bw)

D~@DF — 2 Iz L3 BEBIABBENOERS 2 ET 5, A—#BBTOGD, T, THETA , BWOSMz2ZE
ACEHETB L EE, DDA —VYDAMAD, FBRT=0,AnEALy 75,
oF—s0lEE V@G W (5) (6) (7) (8) (7(B) (7) (&) (7) 8 (Efﬁ)

) Stop
(2) 5

Q0 ARNF—s07Y vt

() BBREFH CR OMEHME T

@ Envx-wis ABpg & A/B\N/AEABK DB S A
AEBK; EWEOBMNRSY DD Bpx ~
ABy } AMEOBEEE M VOHEENRS By

4 F7r— YT 3
AN VaN N VAN AN
&5 B Br, Bw, Br, Br, Bpk
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for each Fp

for each F,

for each Fj

of eddy dampw
for each Fp

N N N N N N N N ~ N
Bt BFP. B4y » By Bss» Br/Bess By, Buus BBx ./ Bas
VAN
LERENHED By,
DTSV v
7R—F 4 —
[READ  TITLE |
1
(READ _L,B,D,NABLA,CB,CM]
4
(READ NUE ]
1
[READ M, N ]
1
READ X (I),HO(I),SIG(I),BX(I),DX(I)
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[READ BBK, XBKI, XBK2 |
T
[READ _OGD,T,THETA |
T=0 YES STOP
NO
[READ BWOSM |
{PRINT OF DATA |
¥ [ 2 v I
SUB FRIC SUB WAVE SUB LIFT SUB EDDY SUB BK
Calculation of] ] Calculation Calculation Calculation Calculation
Friction Damp.|| of wave damp]|of Lift damp . of BK damp.
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T
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Fig.2.2.1 Assumed profile of pressure
distribution

Cp=0.5(0.87exp(-y)-4exp(-0.187y)+3)

measured
A : flat plate with round edge
(-0.7>0G/d>-3.8)

A : flat plate with round edge
(0G=0.0)
O : two-dimensional cylinders
O : Model A
O : Model B
0.0 10.0 20.0 30.0
Y (zvmax mean
Fig. 2.2.2 Pressure coefficient Cp.
W
Byo
1.0
Ay
A,
0.0 N \ l.
0.0 0.5 Q 1.0

Fig. 2.2.3 Effect of advance speed on wave making damping.
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2.3 RREE DR

231 ROBEHOHENELRREE DL
BEERM IOV T, SKTOEMBER T 2EKBRIEXThh T, 2KRTEEROERBRILD R
2]

. N - . ‘ : 3) R
FERBEE DA b — 7 AORBFRBELAOCHR/BLLCAY (Fig. 211) I EXRE " Sh, S5
THZAGE | hodE /A== L 7 684 v /2 O (T N0 060 LR - 1ok, 2 bk NN A B HRAA T - by e 2 ZR L
AERB M C JHARV LA AL 9 1B D AN J AP 1. 4.4.4 28 ) « CND, JHERY/ O AAMIASAELA) L D R/M L

T BBELAT SO LRGN TS, MTEROBEENS OHE S, HEBMMELTLATHOH TV,

R OREEE L S Lo AR Fig. 231 , 232 10 Fte RROCEBRS R D51 bl »TH,
BEBEOEHBENABR THAS A BREARE D225, NEOXE AV UEEBRS OHEHELZELIIE, &
SIZOSMic L ABREBOOHEMEEELSIVTRY 2 ERBMY L5 e

B HES O REE L B K & Fig. 233100 BARSGO SR Hre - T, +HEBHTOREL
RBET) Z L X VBERSERE, FHAEL» SEBER SO EEBLEL IV TKRDL, Fig. 2.3.3 AKX
SN TIT b 3mBROAE L KX TTbN A2 mBMOHREL AL TVWa 2, mFkk<
—KLTHY, HEBLO—BDL IV,

FEROERRAOHBEM L AABEL O LB Y Fig. 2.3.4 1077, BHEROOSECH 2 - T, BELEE
NOFRED SER, 518, BHOERIOEEHEEELFIVTVS, Q=14 fETHEXELZ D, Q>1714
TREBACBRENVREAL, QP52 ELECA 2 L ERAMREE—TEELEATL LS ES TH D,

Ew?#—woﬁﬁﬁmﬁﬁ@bﬁMﬁkwﬁﬁéFﬁgZ&SK%TOﬁMEu,Z&EHﬁEHH&ntE
hUF - OBEENOKRT, AKENFCER SN 02 oo, HE AL IE L EHENR Ao T
Wa,

CACE ABEKOLE R Fig. 236,237 0
FIR VY,

.32 2ERNDHEK

=Y, Fn=00L 2 0BBOBEOBRBABMR DO HEMB L ARBEL O L& ¥ Fig. 2.3.8~23.11 &7,
Fig.238256bh5sts 0, Fn=005H8 LEMNARBOBEFEABER N TREO—HE RV, ik, BEK
BizownT s fic b DHEMWRV—H ERL T3 (Fig.2.3.9~23.11), Fig.2.3.12, 2.3.14 {212 Hl
RO B 2 Ry, HTEE L ERBEL 0~ R OB, Tl ~cleEsy, —ROZHBC>0THD
Egﬁ%fbélkﬁbméoﬂgi&lZﬁivz&MKm,%%@ﬁﬂ-#k~%ﬁ®%ﬁﬁnti6%§
ETFRL TV, ZOKELR L, AMEECISBERRACRTRERELIKREIVWEEZFAL) THD,
CoRRE, MEEEFBCMBOFELZERL Tzt d B bhd,

Do R v o AT A & SR O — B
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Fig.2.3.6 Bilge keel component of roll damping of three-dimensional ship forms.
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Fig. 2.3.7 Roll damping coefficient ’B\Bx due to bilge keels.
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Fig. 2.3.8 Roll damping coefficient §44 of container
ship model .
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Fig.2.3.11 Components of roll damping coefficient
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§44 of ship hull (Series60 C,=0.8) .
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Fig.2.3.12 Roll danping coefficient §:4 of ship model
at forward speed
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Fig.2.3.13 Roll danping coefficient E:‘ of carqgo ship model at
forward speed
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at forward speed .
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Fig.2.4.7
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Effect of location of bilge keel on bilge
keel component.
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Series 60 Cp=0.8
1.8m model

T=1.4sec
Spg=bpgxlgx=const.

SR-108 container
(single screw)
1.75m model
T=1.4sec

Sgg=const

Fig.2.4.8

0.2 0.4 1pg/L

Effect of ratio of bgy and Igg on bilge keel
component of roll damping.
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Fig.2.5.1 Roll damping coefficient BZ for

Series 60, Cp=0. 8 (ballast cond.) at
zero forward speed.
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Fig.2.5.2 Roll damping coefficient B;4 for

Series 60, Cg=0.8 (ballast cond.) at

forward speed.
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Fig. 2.5.3 Roll damping coefficient 544 for full ship form.
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, fath A ORES N S BRFES THBE ne, BRIEE, MARE» SEXELREFAIC 74— A
Eh, FRTHEOEMMEARD Shrco BRO—FI% Fig. 2.65 kTt £t b0 uERMTH ) ER
BLD—HIFBCREFTHD, £/, RXTTOIWABERLC LK v v AFHEES XA THRL T
50, MEOCICEHERVCERBEL L KL TV,

DEDHBRLURE, B ONLHERRIEKO LB D TH D,

) €reF a2 FBEOREFHOET vy AHEFRTIR, €4 vod — L AGOER MO FE
MARNTEL L D0, MEREG CEND LELOF - L EMOBETRE HEEND, Lo L, WERA
PHEATF—ADIEOA ~5 EREHND CHEORBLIERUMEIN L 72 - T D,

G BEffh T 2MEEHORERBE, ADENARED KECHIERVTA b —7 20t RETE, BR
BoOMASEAT v v hSHEEERENLICES,

263 ELVF-ILODEENDER

C LS — A ) < EHE Do s A D 2

34) 35) 20) 30)

BLUEKX TfTbhie UKL DB Tit,
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SIFEIC 2RI T bhc en o — A0 EENOBERFINERS N, 2ORNHEEMShih & Bu-

chanan OTHA B 2 UME 60 HER I L BMEE L CAD = L BRL e & bic, SR - 13 A

Boerox—ngs 58U, €ros—Aofil, dRBLIVESCBEENZHAL, tONLEEEVSE

KOWTHRL 7o SHRERO 1 % Fig. 2117 0Cm 3, ZOEBRLLBONAEREZENTILUTFOLS

2 A,

(1) AR, €A vd -1 ofiRic@BEEN ORI cE <K& 5,

(1) FEEESHEMICHECEA OX —LOEENRS AWML, MEEEENIBYT 50 £/, EAUF —
N OBHReEIZ S NEEE R ENSVHEET 2,

Lo, TNHDORBRRERATHELIL, £2OFEKE Table 2.6.1 KRt L iCRD TV 3,

>2+d( 2U f (2.6.1)

20
CD::a+b<—__zﬁ‘+c( ® Lpg

2U
wly £

@ £BK
BRTHR, EroF - v HLABRBETFREO EAFBNRBRB LU €A 0% — A & Of5654 L B0k
FEFNABRET - A O LD EENB IV EL O — A RALCBCEBHENOHB LT, Ficzn
AEEEREBC S THLIHRL o £EFRNT 2 ERBLERBOVNERO A BHE Fig. 2.6.6, HmE
BIMEEFig. 2671077, cRALOENGMOHMERO— M2 Fig. 268 GEBIEE L A HERS )
BIUFig. 269 (MEE LRAMARS ) c7¥, Mo bbra i), ENSHRiEEEO HE: S3E(L
LTwnd, ZOBMBREFRRCOVTORBKEREY AL S —L0BECEAT B 200, kL LURSG
KON EAYF -~ AOBREABIVENGHROFRNRTbN, $iEcfdbhiersr—LroBEENO
sStRBIE Fig. 2.6.10, ENSMORMOAIZ Fig. 2.6.11 27+, Fig.2.6.10 & Fig.2.6.6 L ¥ H#+ 5 &
MBEOH2H0 L BEBFRBROB S, BENOFEEEYBOETRL - T30 0b0 5, L EOKE,
AKIBHHATORKHR L SV EET 2 0 ROBHHB SN,
(i)%m%ﬁﬂ%ﬁcpum,%?fd%éﬂﬁﬁﬁﬁ@%&ﬁﬁbn,l/K(Kdrmdefmmmr
cy ) OWME LB —BHA LD, L /K OBKELBICKEL LBEMLH), ZOMMOBER &
NOF—ABPNT AR bETPRBER L LI L Z0B DO EIES LV,
D HMEEFRE CmiciCp L VD HEREFEI®H < Blbh, |/ KOBME L CmidBd+ 5,
264 ELSF-ACLIYVETINBREEDOR
WRRISIE ISR AT, “RTEBB &M T E L v % — iz & 04+ 5 REREEN O S WAFF bl
PRI MR b RET TR (Ho=1.25, 6 =0.985 ) B LT Series 60, Cp=0.6 7 SS. 7WHEER T,
BEBEOKRO—GI% Fig. 211912, BEOKERO —Hlx Fig. 261210 RY, £ L o% — A HHBIcETS
AEBUEO RS % period parameter CEBEULAAERS Fig. 2260 TY, Th b0 ERTEBLNLER
EE LD L
(D) Ener—rick VMBREICE T EBENIRAERD 2 Riclkfi+ 5,
() ensF -1 OBEBENOENHREIX period parameter KKETEH, CAvr—LEHOA
DEBEX, TOENFRBMER L USHHES 5 period parameter KT+ 3,
(M)Ew&%—wﬁﬁ@E@Eﬂ%m%ﬁu,va*—»ﬁm&ﬁxﬁabrE»y¢—»memn5uo
N—RBOCBITI=ARERTH Y, BH0AEOHHHRE, EAC*—A2bh s BERELSNET
—EEOFEL ERBRE L > T B,
2.6.5 KAERENBORENAED .
RS2 AR RIS 0T, 2 KB KRR SREL AR 5T bh, %K EAL U EEe
— A Y P OFRAThb NI, RBEEDH A FRS LU Series 60, C5=0.6 8 SS. 5 BiEEE iz >\
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bh, REOCFHRGIZ Fig. 26,1307+, AR LB KREREARORBME I EEcEEATRTHL S
ENDRBN, V-V L TRIARE TE ORMERIC L TRLT (CHE) &, BMoOHEF v oy A BB
fAEE<EY (Fig.26.14),
mﬁ{—xyrcowfm,Ic$&@&m%mﬁ§b®Ek&%Nétw,KETOHET%62&ﬁﬁﬁ
EMAVZ (Fig.26.15)0 #RO—FE Fig. 2616 0TY, 72— HBnMOMEE - 4 v F OF (i Fig.
26T AT LI, THREEARBICEFAEDICKEABMEE — 4 v b A8 T LMD ot & bic,
R LORBAOYRE € F ALt B fibni (Fig. 2616, 26170 BB ) o & h b0 FBOKEE
BONIHERIROBY Th D,
(1) KAEBEFNRO REEOBERC dEARS 0O RBEE SN 58, SMBEC T2 LE7 v o v ABEBIE
LBEHEMEELCAD,
(1) PHREVBRAKT 2 L0 2 XRBEFNOBBENEAZC 252, CNEFREOEBKOBHRICL 240
BRECAREEL D 5,
2.6.6 HXBBOBEHHATS
MEFIS2 5 s X UF 3 TR MOB Tit, IBRGRE (B/L) & RMIOICE 77 BB Su TeR S 8 L RER
FATC, BRMEEN I BET IR0 BB o0 TBE 21T - 7000 SRO—BIE Fig. 2618 ~Fig.26.21
ERTo 22 TRENERR Cp (B BT NIRIEY 0 0 MR & ‘D??Ld” THRILLAE D ) TERRL Th 2,
IORBOBRBONEBRIKOBI TH B,
() BB ERDE, BEBSIUBKICL > TRECERT D, SN ORI BERB2d -5 £ 2 i B
Sr—o0lRiIcEEDLND,
() BENE, B 2d0ENAEAMBO 2TV HE TR LR B,
(D) BEAERNOEEEEZEIMEC LV RL > lA 2 TRY, $-RANBECESE, ITEEEFSiI
hEV,
(V) BAMBO L) CHEMILE N BB TH-TH, B—0EBESEOEARBOBROBREARENE L<
FEbHLTW5,

Table 2.6.1 Drag coefficient of bilge keel of 3rd order approximation,.

a b c d
Fore 483 6.48 4 -1665 0.181
M iddle 483 4009 -1.448 0.133
6°=5°
Af 4.8 3 2636 -1124 0102
Mean 483 4626 -~-1.511 0150
Fore 3.62 3.885 -07172 0.066
Middle 3.6 2 2468 -0.839 0076
e'o—“lO°
Aft 3.62 1.585 - 0633 0057
Mean 3.6 2 2640 -0.683 0055
Fore 3.25 3.54 8 -0.676 0,050
Middle 325 1415 ~0.482 0.045
=15°
B0
Aft 3.25 0.89 8 - 0331 0027
Mean 3.25 2.242 1 -0632 0059

Co=a+bh+CA% 44
4 = 2V/(1): Inx 103 —

fax= 15 cm
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AR.= 0.02 a/b=3.675

Side -
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Fig.2.6.10 Drag coefficient of bilge keel attached on
.spindle-shaped body.

Ex | Ulm/s)
Pressure Distribution { Yeiocity Component) ; 3 ‘.:
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A% AP o | o.8
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Fig.2.6.11 Pressure distribution on bilge keel attached on
spindle-shaped body.

—107—



o0

Series60 Cp0. G\T/

Ss 7
mg =0.8 cm
8o =17deg

Fig.2.6.12 Pressure distribution due to B.K. |
(series60 Cg0.6 SS 7 , be =0.8 cm)

Series 60, CB=0.6 S$.S.5 section
time 8. = 10 deg

T = 0.8 sec
Ilmm

o

W e

0.8 sec
time o 6, = 24 deg
T = 0.8 sec
10mm
zero l-ével
_ 0.8sec o

Fig.2.6.13 Wave profile in large anplitmde rolling.
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I E (32) @ L
@ ~2(Bi—Bur DE(¢$)-2B E(# || =0 (3.1.8)
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: . ‘
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) FBWIRIIE (N.L-T)

(3L1)~(313) R0EBHHRACH VT, Fy, Mg, Mgic, BEX TOBTRABOB AN, L 1% 5
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BEE, BREAANEFOLERCRMTFRUOAELER LA S, —H, —EEBOHIC L - TRE BT 50
T, TOEERLLT, E0Xi)nErESrr A& 2MEE k5,

[ OB/MREELE | T, FRRAEOEANZ b L eHIEL T, BEBEATEE20 T, [ —EEEE 10 L>
2, BREHET > LEI LV, BAN2 AL > TULEBREAELT 2 enic, EEBERENERO LS
R TFROFEERE T K 5,

MeFRERTIE | LT QRDMRERRIEL 11, FROELOEM X 2BER, ANEL TOREHED
BRIID AL SCLDHEES, HEBROMANBRELSEN S, L L, FRERRECRNMRESHEERE
EXOEFEHVONIOT, ThbckoEeBATEDI L LI, Biiv i =v—va vHHETHEDT, BE
AN bvig ¥oftic, BESHL EIZ OV COBEREBI I LN TES,

RIZABRILFAETH D2, NEME LT, Table 3.1.1 AT EEHADO SR108D 1 EGE =2 v 7 +#
(S7-175-1.0) oMBRBEEA L, TRAUBEOEAXZ raiciz, 1.S.8S.C.EARZ FaAkfvi,
E/cle), AOBFRIEDHHE TiZ, Runge—Kutta—GillEDNRAT » 7201 BHEL, REOBELZ1HTL L
LTWa, BERFID AR FABIEY v 7Y v/ 24 A 18T, QU v F95HAVS 7R53L L TW5, %77,
BIEDOKINZ >V Tid, RayleighPMHEHBLRT VL 91c, £Zero Cross BTo BABEO L2, A
DEAE, EowMEs E2&BL, E5CRAL Zero Cross Mz 2 oLl Lo BAME, &IMEVH S L 23, &
@@ﬁxmﬂouﬂm%ﬁbf,ﬁ%ﬂ&&%ﬁ@x&arwgﬁféra<K@Ef5;5aﬁﬁﬁﬁ$tio

RHDTWB,

32 —TEHEEFELERNIMREZOLE
321 & B K #
M) —BE&E ) L[ ORMRBEE | Lic R5RBNERH BT 572010, 74— FE Fn 0275 (£
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5m), (10s,5m) D6 >OFRHAFE LT, HELITVHEREL 2,

7, FRBHREOBHEOERE (FRMHEOKREB, ) & (BEECHREKB) Lok TELTZ LicL, EEH
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SHARET 70 2L, ZIOHBECE, 74— VROBEICH) PEER i, 74— FE%0.275 2@
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7B, ZITE, [ —EE&E ] 0—EBE&CE, BREESHwEAV T2,

322 FHERRIER '

ARFERC I LT @—EBE/E ) LT OBRIMRERE | Lo, EAFL, BERLTRELA EAVD T,
BRENCOWTHETELDZ LicT b,

(1) BWEEH, CERE, LEAXs A
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AORBNAERER, CERE, LEAXZ bkt al @Q—FEH&E | T OBRMIESE (0E2 TR,
BENOFMREBEREAROFig. 3.21 %245 LAABRORBOB TR L bh 5, BEAOILEREN X
Fig.3.22xm¥d &5, BRCGAVEERBOKREVW L ZAUATEEEDZIPNEL, a=54 0B 4T,
Hy=10mTix, Tw=12s Ok, £ Hy=5mTiE, Tw=6s ORIAERRIXEV, BEBELIEEAR
7 POV TIE, a=540%E5TiE, HEOER TwANEVL/hE L, Twhk&Enkx a2 3HAN
Ronr,

(2) AHEERBHR (=4 X (K IRBEERZE g ) )

Fig. 3.24 CHBANOBEAKE Hg (=405 ) BT 24 AR Hv=10m0BF iz >0 ¢, FFBHE
aBLUH AL, FHRAMTw 2~ —21imlle, ZhEXDEHAEFENERX, 1=60° 90°D
IKEL, =By /B BWL THBHELBHC R ZE, T TwhbKREL(ADIEYE, BHBOEIARE X
AL B Bo

B Ter—THEEE & OBRMEER | Lo Cko
mgﬁzﬁumgﬁxﬁ;U&(Twﬁm)%u1/u:BV%2&—foRC=mm)wcm={r@

—EWERE )/ TORNMREE | jofEd R, CORTHEBHEQOEEY LB L, Yick-Th,

TwicX>THEMLLTHY, PLEMICE > T2, HR (=405) OBRMEDO K& 1=60° TiZ, 131

Bfici<, (Tw, Hw)ick2HBE/hEL, iﬁﬂﬁﬁiﬁitl%%@?ﬁf&’b;L%‘J‘V\ﬁfﬂ&ﬁbfu\éo 7e

72, 2BENCHD L ap L THRRHEF R L2 P ETRCIZ2ERKRE, [@—EREER J0fE
T ORIMRESE IOBELHET LY, BOEEETHIORIELVL5 TH 3,

5B, [ ORPMMRER | OBRELHEORRRRECREOHETIRL T3,

3.3 FREBLBRNRESFMH/ELRL CL OBRENEHO LK

331 & B K &

FRUH L RVRESHESHE L L 3BENERH OB O DIz, T OIBHERFIE | & T QR/IMEER
HRINE LI X VR E &I o720 27, AR~ EEEE J LT ORMEESE | LTHREEZTVWEEORN
L7,

ARRBIIIFREEL PO, 74— FR Fn 015 T, JFEHE (a=B; /B; ) 5187 ( s/ rad )k
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Brl, HEATBBBELOKEVRDEBERED 60°L LT3, FRAMKI, ko> n 3@HELEY, BRY
BORRI L LTk LRERFI 205 T2 M10Re RFM0HE 2 [ CFFRERRTIE | L[ QR /MRERRFIE
T o to S TORLMBOBROWRIIMOZR, BOBRIIOREROKLS, B0 T ¥ ¥ AR BEORD
Bzl 3,

® (Tw,Hw)=1(103s, 7.1m) 3EERT 605

@ (Tw,Hw)=(117s, 9.2m) 3FERT) 6043

® (Tw,Hw)=1(131s,11.5m) 4 RRF 80 74

3.3.2 AERRLER

BHRERFIEC LA ERBEOHARERRERRIAIZ LicRD TV RN, A—ofck\v Tit, ERRFIROX

BNEnDT, DTHIHbLRWEY, BoBH I LIEBRFI0EEFHLALIOCHRTIZLicT 5, X

e, T@—EHE&SE ), [ ORMEER | & T OIRBRRFIE |, [ QR/MEERRTIE | Loici, AN

| OFRMBO BECRFRIIE BEOEL (REELOEL) ORBORHNBREL S TN T 5 S LIRS 5

BEXRBB, T T, TELT, ©, QMTOFRHRIR L RMRESHRIVE L1 L3 BELOE SV

TE X %o

(1) HeEA<7 A
Fig. 331 BRIEAR AV KEORRIIOHKAFEF 2 o RD L HEBEAX27 b2 1,8, 8.C.
BANXNZ AP OROEEROHEBEAR7 brERT, Btk 3L, ﬁﬁ%&i&%miei‘; GEEIL T B 28,
BPOENSY, EROMABAS? b L icHT56), 0 OHEBRLE), @ OHEERL XL SIOLE
FRIFLTVS LB bR 5,

(2 BEAAXZbAL
Fig.3.3.2iC(), @ L 2B A7 b A 2RTH, BEOERBEOEEC LoFR LA FRALERT
EDFHRDI DB KEV,

® og,Hg%, Hrl
Fig. 333k, BEBhoor (K IRBEERZE ) LHr% (173 highest mean) tHg% (1710
thighest mean )iz 2V, FFFRHEMOLEKME, Cxo=0)"0b), Cg; =€) @), Cko=)/b),
Cr3=€)/Wd, Ck4=W BT T, CkoPIUCK &, B> TKELEALTH,0), OB LY
©,@)HoZnEhOBEMTHBEL W L ERL TVd, ThIKHL T, Ckz, Ckg, Ckg BEFEOMT
BEMPELE), 0), OMEVBEERS D Z LERL Tnb, CRoROTEEHETDILEDHETHI,A
HEDOBRE, REGANUORE, MHAMBREDSENA TV 5. Crail, RAUBRFEMORFEESIRAZ 2
THHOT, PRADECIIRBNOELICEDL TV LEAONB,CRaBRick B Liiick5Ed
NEL, HABED 10 ICESCAREOELSCAML TWAEZ EAbhd, CR4yRACHEREAXFEHAL T30 T,
B RFIEAHOREUCHANRERL LOELZAD2DEHIL 2, ThIBICLHEFIDPECICABLTVBE
EDbydn, HR% , HRW T Crg PEBEINEL L - TWB, Zhicit, B0 BE0icb)o Hg %,
HR Yo CHfED Rayleigh FH 2 EEL T30 T, ThdEENTW5, £72Cke, Ckg, Cry & b2
Rt BE E£E DT or TR 1.0E AU v 25, HR B TEMAEY,

(4) ®WMEZM & Rayleigh &7
@(Tw,Hw)=(13.15,11.5m) DKL T, Fig, 334 HLB L BBEhoBHEORERE L T H
SIS L 72 Rayleigh M@ 2R, &5, Fig. 335 K RABRREHABORERL o 2O RFON
BARLAKRIOBECRELTT, 22 TRAODE LSV TRLADD , Qo iz >V T A UEMAR

5N B,
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Fig.3.34 0BEORAEMEI L 2 L, &M, OoHEGR, @h~T, DEafmhaddsins
P, FEWCKRERBFEAID RSB EEBH D, WEOBMESHOMBREAD LI - T 5, (& DnEIHE
FHICONT, 5%DHEEKET LPRERIT -5, QOHD 1 BRFIL SHRFIOMLODED 1 KX
FIL B BAEINLZTT, MOERRTI LD, QD EORRFIOFMEHBFEN TR Y, @REEL <ELLT
WaEHicBbnd,

¥/, Rayleigh #fik ), Q0BHESHLIZONT, 5 %0 HEKET LR ELT /2L 25, HaE
BT _THBS D, BB TREHEOFRRFOH2 /3L, FHEOBRIIOMIT NTEHE i, 2
ZL, Ersdbnrdddiclk), ORRINEOBESMik Rayleigh 2OE VP L RKENLI ST,
Rayleigh i X D BAEBEAH VW LW HBIAIZH D, Rayleigh 57 L OBIHEAH

Fig.33.5, BHEREBESHORTH 25, IhaBHlTHMcHEYLTBY, Zhicksl, KxialE
B0 RE W, HEWEOANRRIIO Rayleigh ML DEESEBICANTY, ©)TiE, RayleighffiLD
BWELE> T3, TOZEiF, KE34DFig.3.44 , Fig.345iBVTHALILAELDDT,
FHHEE L OBBELOEMTMTIE, RayleighD ML VINELABZENELON D,

B £ & ®»

UEDZ Enb, KOLIBI LB -1
(1) BxOBHRESEFHOFANY ho BRI B T, ~BrBEEEhi—EHE o SMETEE A

VWBEVY, ENEROWEO AR IS L 2F MR EE By 2758, ERMEOBEFBLEY X GELT

&3,

(D COIEREHER L0 RMEESHREREHE L X s i o®El, A7 +a, og, Hrg ', Hg%
BLUBESTIZRE TH0EL, @EOEOHMS EOBEC LB/ Visvo T, RIMNEESHERTY
Faflvoshtke, FBBEEEZAVLIHEOEENE L EBL Ty s,

(i) Cra=(IFHRBRRINEARNMBENRIIEOHENOLEOEIZ 2T, 4EDHE T, 0g TH
1.04, HR A T#I1.03, Hr Yo THI 0.99 D E2 8 Sz,

3.4 EHFHOER
.41 RHIFRSEFZE

R AL S UBBAOIEE R, FREORE LA e, —EH@REL T—R/IZ10mERAL K
BBEEEDTLEY, HERBHBLELTS L) AERAORMBLEORITF Mo FEIHEM c& v, 2
OIRMRERE Jich W Th, RERRIC L - TRAVEMFHHRELTREVICE LRACHv@TELY, TZ
Ci, MEEM 0T BB 107, E o, TACECRANE (REM) R & BRT 55 0P
T, EOGRHPBEROSOOBRBER L ZOFHOELE L S AU ko oh, Zhe bRHAGHOL
E&ﬁﬁ?%éjtwbﬁw%ﬁ&t%ofﬁ%?M®ﬁﬁEﬁotouT,E%mnt%orﬂwﬁﬁﬁw&
BE &b <5,

B B s EEOEAMXOBERERQ O 1’, TEOWANRE j (WEH, BANT] ) wduT,
EEOHEREL CREL TV 2 L2 0EHSHC BT 2 XOBABER i jk (X)) OM (3.4.1)ATE LB
Do LIT, XOENRKEL DL Qi jk (X)) DBBRchESl hd L HraamoB i, X»dsEHU ik
L (3.41)R0had0FtETE, REEMSACRT>BAERUNIER TES LTk 5,

m n
Q(X)=2 23 23 Pij*Po(ijk)qijk(X) (3.41)
i=1 j=1k=1
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p;; - RERE jORAEE
Po(ijk) @ ®ERRE jioBT2HilELRH kO RBHER
BELE D FMAHC BT 2 RAMBEHT5Q (X) 0ER 10 BETH Y, FBORBEV AT L2 5, &
Sic, SN Rayleigh MCH > L LT, REBERBOBEODPj #Pmj, Po(ijk) #Pmo kL,
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A0 Xm— QRIS ELFA B2 BRTENT 5 (3.4.3) X0 2 HlAS HiERD 280 T s,
}%

Xm = 2146 { N+ log (Pmj * Pmo) Rm (3.42)

. _ . 4 .
Xm = 1.073N { = log (Pmj * Pmo) } ?Rm (3.4.3)
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. PMMRERRIIE | ik > THITVHEREL 7o
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ﬂw”(%%&mﬁabf,ﬁ@zliumoaabt%éu,%@iﬁfﬁﬁ?éﬁ@@ﬂl%ﬁaaé)
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LT, WARB77 7 TRLIL Thickdl, [ eBE@ERRASIE JoEBS Ao MKt q (X0 ) OfERN
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[ O MRESE J0J 2, [ FFRBRERFIE Jick s8En L, BBl TRACERCS D2 L, IVl
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FRlic kW ik, BEREELZT TR, BHAOG G REREKHEEZRIET I LDy T,
ezt aBr 0 TEAGEOZ L2 E 25 &, BRFBEFHEC , (QIFERM 2220 T, RAHE
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it amE, $117%5, HMU404 6 A

Table 3.1.1 Principal particular of ship
Type S7—175 Type S7—175
Lpp 175 0m A 24742 t
B 25.4m Chb 0.5716
D 154 m Co 0.97
d 9.5m KM 10.52 m
L. B 6.89 GM 1.00 m
B/ d 2.67 TR 180 s
£eb (% Lpp ) -1.417 Ky 0.24
Table 3.2.1 Roll dampling coefficient
a=B, /By 54 (s/rad)| 20(s/rad) | 100 (s rad)| (s rad)
/B\l 0.00596 0.00163 0.000326 0.0
gg 0.02851 0.02874 0.02879 0.02884
gz //gx 4.8 17.6 88.3 co
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4. RAEAHABRGIBENABRIC L 5 S Mg B R B R 72 B+
RN E

L3MTiE, “EE THHEBRATRASN TV AN L) AKABOREN LA TS, THAKS COERN
EBTRAMELBRREEPEHOCERL 2T VWETUACLTRD SR LV A ~r,

TITRLIMTRS & NE FERMKEEIEM T, FRAURBHORBENE FHL A O >0 T <Bo
EUBBHERE (1.31) XA DKAXEL T3,

Au;ﬁ.*‘Bxﬁ.{"*‘Bz‘i‘S"i’”+Cx¢+C3¢3:m(t)

41 F Rl o K %
FRIOFHEEL TR, Fig. 41078 —F v — beARTES5RD 3 OHER BN B,
Method A Spectrum direct prediction method,
ANELTED 27 =AX7 + v Shh b5 bhe B8, SMRHRRERA 0o S AEIE D FR Ol
RE NI BENOILERB Gy, (@) ORREL MY TRRUCL DRERAD X2 b v 8§44 (@) XD,

S¢¢(w)==Shh(w)|G¢h(w)|2::Shh(w)IG¢m(w)|2-leh(w)I2 (4.1)

TOGEH SHENAICET SR E TR 57 (XK1 ,2) ERT Gpp B X 5 HBRES€— 2 v+

P, B Gym piifiie— 2> MCI B BABOGERB TH 5, 22T |Gy |® i

|Ggm (@) IP= L[ (Cirg— Ass@®)* + (Brspw)® ) (4.2)
N ,8 .

Vit W B44E:Bl+ —”-U¢B2 (4.3)

Csag=Cy +304°Ca (4.4)

TFALNDH, IEBBOFICKM T A 2L LORENAREERRE of WELEEOMK 04° 2 ST
WELE MIEE 5 &, BONABEN A2 A s bRE 5 0g, 0 H—EDECTFINET 5% TS 9EL
HARETALEYRSD (Fig. 42078 —F v — b BR),

Method B Time history generation method.

AU, ADELTHEOARZ b A 0352 b icBfio Method AIC & W8 LAAMIBARR~<S b L%
W, THRAERES 2 F 2 BECHIERB LI 2 X b ) —%5HE LEH@#E CHHE L RO TR T 2 5%
FAONDBY, RNEHICRALDEVEDLLEWEEL LR D, 5 WLIEEICHE % 85 LG *oBERFIZA
NELTOEWCGRN B4 Y " AAGETHOTHIERB AL 22 b ) —%RHD EN SHED b b,

Method C Deterministic time history prediction method.

SERHLLT, ABLLTOBED 81 ALY =251 0B, B ERRHREE - £ v b L oGERK
Gmh P#7 =V =BRCLBA VA 2BE 1 (1) EHVT, av#EY)a—va vk VERBEHE -4 V1o
ZA APV —m(t)

m(t):gﬂfi(r)hkt—r)dr

EXRS, BHICORL 2RO HEX (1.3.1 ) xEERx, BohEBhfAriaex ) — L CoRKES
DRERAIZMEE TRT 2HETH D, 1 v ALEDOBBHFEEIC DV T (X3 DLV, 7L
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(L31)ROMRBHEB:, B AEMBAREREFMc L oRdDOh-EEERT 3,
I THBNAOS seat ) O RICRL, SERUHREREES Tog, 0y PRKT 5L T2 V£
2=V a VILEBEA AR M) —HERRLERTEWS FEIELLR L O,

Me thod D
7%, Method C ’Cf%rbnfci/f LAERAP)—DARI PAERD, FOARZ P A LFRENIFBhE
OFEtREZ 4 2 e XY -2 b BEEBONHARLUBRT I LABROHBZ L TH B,
Dk WFNSERER LB T2 itk > TFRIOBE XRHT 52 L AAIEETH 5,

4.2 F A B
1) Eg,r -2

FRALLEF X 1L3BOI0LRA—TH5H5, B t— 2 v IEFRAB0D TTable 41 2BBShk
Vo WHIZ D7 A0 > TV HETHS: heave Ik free ELTW3B2, sway fix & sway free
OHERHD, ZOMTHE sway fix PBEEETRT,

EREBEOHE L, sway free D& roll OEEENCH L TKEHAIC carriage ® EHE N
phB5BIz-Tws (Fig.43)0 %7, heave BOF A Fr vy FREGEICERFEREL L To»32, =
“NOEHRE -2 VI PBEE A 2V, BRTORBEEMEKEEOME I heave A r » FicHNT 3
weight 2BV T30 CRB¥ERECIHKEEE0E AV TV 3,

(2) Sway fix PHEOH

Fig 4 7TOTRFACERLZERBR~O ANBEO AR b ATHY, BEEXTIcE e 7 v 2R HFM L BF
BELVEEB1.8.8.C.AXZ M AR ThHBo LELANI bAR (—0o0,0) TERENTNS OO
(0, 0)DFFOERRTHD, HREBIEBAYr — A4 TILTmERE T3, Fig.4.4 B LHERE— £
Y LOREBRE |Gy (@) | THB. PEETRERA LMY » 7HEICIIREBZA DLV L E 2 6052, BE
O ETRED B /ECOBELRE, KESOBERX» A IRBICL 5BV E 550 T, ZZTikFig.
44 DFIZAMTARL heave free 2»2Osway fix OIREBTHALZ, FRRRKK & 2#Hl€— 2 v
EER L, WHEDERCIDZMEERV TS, £, AR A RESHBcERALL o LtABELL
Tnd,

BEDDHIZ all free ORBT, —BEEBORAAGFC IEWBIUCE (XY 7 L5 ) 0% Fig,
4.5 Yo L —EHEIZ 17.5m & L@ RB TR R ISE v BEM L% > TV 50 B0V 0G
OENTH I Fig, 4.4 DOGEIMIEL TV 5,

FAWEARI RO B,, B 2V, F40BERTRIVELHECIVLEEZRD TS,

Fig.4.612ik, Method A, Cic X 3EEMRE |Gy (o) | LERRU B dBLIC L ) B NCRENR
BERCEBEO strip R k20 ok ERT, Th TR L I.T.T.C.oMGEEBHHLEFE CEE
S R WEEB R 2 b U I BB BB X D8N By, By (o7 U By i i BBEH MRS B A £ 0 & <
5 ) EALZBEOANY » 7BETRER EOEVLKE L, BREFPTOBLRHRBL 9T FRITER
w:aﬁbméo:ncm,ﬁ/&&ﬁmbk%écu—ﬁﬂgoﬂvﬁéBmﬁ%k%ﬁﬁﬁoﬁﬁ@&
BiREt— 2/t OFRBENFHBE T ARVACREREHD L EL Db, A

Fig.4.7 0 ERizik, Method A & CR IBBEEBIAX~Z MOREELERBELOLKEZTL TH3.20
TRZLAM LAY —FRENERZVWTRD, Method A DERIPEVIVEREAZ->TWVWBEST
HDo

EHIZ, Method C kPBVWTEA LAY —FROAGHANO—HE Fig. 4.8, Fig.4.9ic7%, Fig.
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19X IBOBDAA X ) =D 5 LHBIND > TnEWES T, Fig. 41 0tmTHRIBOE 2 b 7542,
Fldh7 s o ~TRay leigh BHBOTHBERE % - T3, RayleighfpMid b naicon
TEXBROOY I a V=V BBABEL LS9, UEOBEK DV (ELhABAE. REMELZ FOFHEY
table DRICT COTHBL DD Table 42 Thd, WFNOBE LA/ AL R b ) — 4 63k bk
KIBEXLTANT b A GHE LA BKIED, @REFERECK S BOELRL TRE4( K L FEAS
A=Fe= 0L LATHEER ) THABBOEEFLERERICEZ 2 5\ 5 @i TERETHE 2~ DB NTH
ETETNDL LWk D, ti, FHRNA, ARBAAINTRETE TE D, P % S GBI
Be@BT 5, Method A KL ZHENAOKIHBEFRALTME TS L5 L5 EARINTAD Ln s &
9o
B E X ik
1) Kaplan.R; Lecture Notes on Nonlinear Theory of Ship Roll Motion in a Random
Seaway ; Proc.1ith I.T.T.C., Tokyo 1966
2) Vassilopoulos.L;Ship Rolling at Zero Speed in Random Beam Seas with Non-
linear Damping and Restoration:Journal of Ship Researeh, Vol 15,NM4, Dec. 1971
‘ 3) MR BRI OB OGBS 5, ZOER SRBHLRLE LTS, BI04 6 5
4) Dalzell.J.F.;A Note on the Distribution of Maxima of Ship Rolling; Journal

of Ship Research, Vol 17,N4 1973

Table 4.1 Experimental condition for the ship rolling

motion in a beam seas.

SR-108-S7 ;Scale=2/175 Full Load
Ship Form Condition
L 2.000 (m)
B 0.290 (m)
D 0.176 (m)
d 0.1086(m)
® ' Trim 0.0 (m)
Cp 0.570
v 0.0359(m3)
Rolling Period T (in Water) ¥ 1.625(sec)
Rolling Frequency We % 3.847(rad/s)
Nondimensional }’ioll.Fr'eq.<1‘)¢> * 0.4704
KM 0.1202(m)
GM 0.0116(m)
KG=4d 0.1086(m)
Kxx/B in Water at Fp,=0 ¥0.301
Kxx/B in Air %0.278%
Bilge Keel :Length=Lpp/4 0.5 (m)
Breadth 0.0051(m)
Rudder with
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Fig. 4.4 Wave induced roll moment by strip method and experiment.

I I I I l I
L 6.0 CaLcuLATION BY THE STRIP METHOD _
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Fig. 45 Roll response function calculated by the .strip method

with nonlinear damping coefficient.
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Fig. 4.6 Prediction of roll response function.
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Fig. 4.7 lncident wave spectrum and prediction of the spectrum
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Fig. 4.8 Prediction of time history with nonlinear damping.
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Fig. 4.9 Prediction of time history with nonlinear damping.
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HISTOGRAM OF ROLL DOUBLE AMPLITUDE
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Histogram of roll double amplitude.

various method.

Comparison of statical values of roll angle obtained
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thog IRREGULAR WAVE. DIRECT TIMEHISTORY
bl T PREDICTION| PREDICTION METHOD
G ey Fon (BEAM SEA) METHOD
. )
T % FROM THE ESTIMATED | ESTIMATED |FROM THE  |[ESTIMATED
phenomena N Ly TIME HISTORY FROM THE | FROM THE |TIME HISTORYFROM OBTAINED
N SPECTRUM | SPECTRUM SPECTRUM™ _
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f \ >

variacce 1s obtained from R(Q):R=correlogram
variance 1s obtained from the area of Spectrum S(w)
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Table 2.1 Principal particulars of ship model and propeller

(Container ship)

Model @
Normal cond. Light cond.
Lpp (m) 4000 4000
B (m) 0.5874 0.5874
dr (m) 01953 01079
da (m) 0.2199 0.1698
dm (m) 0.2076 0.1389
~ () 0.2769 01709
Cp 0.56 8 0.524
Lpp/B 6.8 1 6.8 1
B/ dm 2.83 4.2 3
kyy/ Lpp 0.2 4 0.255
Propeller A B
Diameter D (m) 0.15 0.112
Piteh ratio 1.007 1.009
Expanded blade area ratio 0.6935 0.6 70
Blade thickness ratio 00530 0.05
Boss ratio 0.1 848 0.1 80
Number of blades 5 5

Table 2.2 Principal particulars of ship model (Tanker)

Model ®

Correspond ship

210 KDWT

Tanker

Load cond. Full 1load even keel
Lpp (m) 7000

B (m) 1101

d (m) 04266

v (n) 2.8 02

Cy 0.8521

GM (m) 0.135

T¢, (sec) 2.153
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Table 3.1 Principal particulars of ship model and propeller

(SR108 Container ship)

Model ©
Full cond. Light cond.

Lpp (m) 3500 3500
B (m) 0.508 0.508
d (m) 0.190 01254
t/ Lpp (%) 0 0.985
4 (m') 0.1936 01168
Cp 0.5725 05275
Cm 09700 09546
Cw 07107 0.6 303
FB/L (%) 51.454 51954
KG (m) 01903 0.1600
GM (m) 0.196 0.555
kyy /L 0.2396 0.256
T¢ (sec) 2.6 2 1.51
Propeller

Diameter D (m) 0.1 30
Pitch (m) 0.130
Expanded area ratio 0.6 52
Blade thickness ratio (%) 5073
Number of blades 5
Direction of turning Right
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Fig.4.10—1
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Comparison of measured and computed deliberate
speed loss in regular head waves. (4/1,=1.2)

( Model @ , Normal condition)
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Fig.4.10—2 Comparison of measured and computed deliberate

(41,=12)

speed loss in regular head waves.

(Model & , Normal condition)
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Fig.6.4 Relation between propeller thrust and

immersion at open water tests in irregular .
waves,
3 Constant revolution & Constant torque
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9 g]S'
& ~ 4
(=
- 138
12+
x
—~ a aaRa® s
E 0.03}
&
=
g ~003}
H £
o 2
Condition e
002 o BFT8 [
5 | BFTI0 T ®
)
0.02+
a f
210 _of
~— o
— 4
b —
2
L W b
- 3
2
=
0 I L L 0 " " X
0 0.5 1.0 0 0.5 1.0

Propeller immersion /D Propetler immersion _I/D

Fig.6.5 Instantenous values of propeller thrust, torque
and revolutions versus propeller immersion.
(Model © , Light condition)
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Fig.6.6 Co-ordinate system and definition.
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Fig.6.7 Comparison of time histories of propeller thrust

fluctuation at racing condition between experiment

and calculation. (open water condition)
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Fig.6.8 Swell up of water level at propeller position.
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Fig.6.9 Propeller load fluctuations in forced pitch

oscillation.
(Mode! @ , Light condition)
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Fig.6.10-2 Comparison of measured and computed propeller torque
fluctuations in regular head waves.
( Model @, Light condition)
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