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On the Relative Wave Elevations at the Ship's Side in Oblique Seas

by Yoshifumi Takaishi, Member Masaaki Ganno, Member
Taihei Yoshino, Member Naoyoshi Matsumoto
Toshihiko Saruta

Summary

Model tests of two container ships in oblique regular and irregular waves were carried out at
the seakeeping tank of S.R. 1., and the relative wave elevations at various positions of the models’
hull were measured by means of capacitance wave probes attached on the hull.

The relative wave elevation induced by combined ship motions as pitch, heave and roll and the
wave elevation can be calculated by the strip method. The deformation of the wave surface near
the hull which is induced by hydrodynamic interaction between ship’s body and wave is estimated
by the Tasai's two dimensional theory, and it is added to the above-mentioned relative wave
elevation.

The comparison of the test results with the computed values shows that :

a) calculations including the hydrodynamic interactions show good agreement with the experiment,
generally speaking, in head and bow seas,

b) the measured values in beam sea lie between calculated values including and excluding
hydrodynamic interactions,

c) disagreement between measured and calculated values is most remarkable in quartering sea,
except one for the stem provided that the estimation is made excluding hydrodynamic interactions,

d) the amplitude distributions of the relative wave elevations measured in irregular waves
show good agreement with the estimated one by the linear superposition of the response amplitude

operator and sea spectrum.
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RROMEWT O MK EE Y, HAEPR LORRUBEFORMER L A LY v 7T ECESSHERHER Y b
Kb, R EFEOHE, HBKITAOHEHELT L -cHFLOMED, HEROBHOE 2B 12
HRNAKNEG Y, TRAUEHPOEMER L, A MY o FEOHETRD M Fovan Sluijs o P59 7 ¥ 23,
FEFROEMNKEEBCET 0L LTEFLR B,

RO O KAEEBCB LT, BEOHESKUEBXEEEBOR Y v 7 HEOHER X bk, EfiG
MEMBEROBREYRUICEBHOMESD B 50, FRXLOEED 1 ATHHEFIT, HBHUOEA KB
BFHHENKEEE Y, MESIUHEBEOA LY v 7EOHER, BFoHED W IsMtkikloFcr s
Wi % dynamic swell up OBz, HEEFOHKITADOBAESCRIITHEAOEEOBELLT
TW57,

&, HARFADEPC BT IMEOREIELA Y v MBI X 2HERFTE TR, KEERMEE L TE
DERBEANBHEI L D0 fFbhs S0 TnB0T, FEO X 5 Hnfldiir 0N AN BB o BBt
B, MOMMMEEECERTH5LE2 bR 5, RDEFORANCIIT 2 KEEEITE < OMEEHE
DEAZFHEE, ThHLOBIRIC I 5 Fho dynamic swell up 23724 OTH 55 5HH 2 OEHEH
HEEBRTRVW—EERLTH, HRKESNECHE CHERHECE S LMBT L LI TE AV #
TTERMLTIE, ThEICTHRRLOBREEVERIEOHANLELACIA TS 2 vF FRoORHLR S
LT, MAOHENKNEBOBEIMERLLVICA MY v 7ECESSBRIABY T EEvHET2 2 &
Ello ZOBEMIKRD L5 TH S,

(1) HMDEPT, FEBIVTOMMUOE I FTOHNKMEE ZRE LI Lo

(2) dynamic swell up ¥ UL EIRVBEOBER;IEL TV, MRERMBEIHE L2 2,

(3) #MAE (L/B) oE, MEOHEYFANDLLLIC, THAUGEFROHEMNKIEB LB Lo ko
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oo BEUAIIIER 10) 38 X 08 11) iR L/B=6.89 X 8 © 1 BEE = ¥ 5 3T, Mo Body Plan (1 [F—
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Fig.1 Body Plan and Bow Profile of the Ships
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Table 1 Principal Dimensions of the Models
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Items S-7 S-8
Length (P.P.) L (m) 4, 500 5.225
Breadth (Mld.) B, (m) 0. 653 0. 653
Depth (Mld.) D (m) 0. 396 0. 396

(Tested Condition)

Draught (Fore) dy (m) 0. 2057 0. 2057
Draught (Aft) d; (m) 0. 2314 0. 2314
Draught (Mean) dp (m) 0. 2186 0. 2186
Block Coefficient Cp 0. 562 0. 562
Displacement (Vol.) V' (m?) 0. 3608 0. 419
Position of C.G. (Aft of {&) (m) 0. 0813 0. 0945
Height of C.G. &G (m) 0. 2414 0.2419
Metacentric Height GM(m) 0. 0257 0. 0252
Longl. Radius of Gyration & 0.24L 0.24L
Rolling Period Tp (sec) 2. 886 2. 870

Tetlon wire

Fig.2 Details of the Wave Probes on the

Model’s Hull
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Fig.3 - Photograph of the Wave Probes Attached
on the Model
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Fig.7 A Sample of Record of the Relative Motion
Fig.5 Photograph of the Relative Wave ,

Recorder _%L - )leso- ° g's’?(ws)
a M =075 a -
5| o SS5(WS)
s P .
€ /
=20} / 7 T
£ / 4
g ’ // 3 b
LTy 7/
£ 7/
Sof o
/7 A%
Z L > ™.
st/ SN
1 : 1 . \ I . ] ° Y c:z Fn a3
20 5 10 -5 10 5 10 15 20
/:5- Drought (cm) Fig.8 Measured Amplitude of the Relative Motion
y // -0k ——— Stem ' T& %o, FtHEROEBKEY Fig4 k, HBOERY
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Fig.6 Relation Between Girth Length and MF2EESREOMTHE REeBLTHrbR

Draught of the Model P

BB girth K-> TROA DT, MEINDKUEL, girth OJ/KBIOELTH S, “h
YHE L BT 5oz, Fig6 KXo T, BAOELBRETHLERD S,

HRB T ORRTH DN AN ANEB ORED 1 6% Fig.7 KiRto MEBAFTEL LTW5E X OBEX
EEMETBE, BEODD L X OBKERAEROHINALIL, MEICHE U IERIC X b hs KIBIET 0
£ LTHBEH T OF Lo~ ADETIIEWE 2, CEBT 5. & OHNALENORE Z, 125EH ¢ ©
HOT5 L Ex, Z/a RIEEREET Do COBEME (74— FB: Fo) %<~ AR LicfInt Figs T
bo MIXRREY, BIEOPEREYRL, Fo=025 0RRELIZ, ZOPERORTETD 5,

SE B H X

RAUBEN LEEOHESA (X) THRETIBEOHBOHEIIA Y v 7ERC L D Fhbh b, TOBEA,
#gh, ETRhAORBEL, KELABERhELSBhORBEL D200V ~T L, FhERG4 DM
3 U= EBAB AR AV 5o SRV EERY Fig.9 kiRdo

31 UHBOMNX

RERE ETIBh i, \Wwh¥ 5 Ordinary Strip Method THEXIh 5, HEOERIL, XM 10) BIO
11) &, RKRELHBEIh T2, Thicl s, KERARECBL TImEN I —HK LT3, LTELY
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BHOOETIEERCS T80 b25 E, A
D ML>1 HHET, HEERPREDTH BN
i, WEO—HEILR V.

32 HHREOHE loil, ‘ij_ Ol)ﬁ\/ @ |O
BiEh, HERRh, EAFh o B, N. Sal-
vesen 5%, BAHWIHBEIAKEIECETHEKR Fig.9 Co-ordinate System of Ship Motions in
DS HE AL e 3k TH 7= 9 New Strip Method Oblique Waves

Tfifchbh 5o S-8 SRECH T 2HERBRIR 11) KEREHBEIRTW50, Thildd, FDEES
OREFBENFERASADHLE DINE OH BEHENERECHEN TR I RERTH Do £ 2 THERL TIIHEIEL OMIT IR
B, B ks BEEBhRARTROLBPHEFRPROBWH A, BREIREICKET 284 8PRE
B (1) KAV, BREMETERHERYBCT, ERIFEORV—HEB.

Kezlfo"r"g—g’% (1)
TIT ko B Y, BORETRLATOBEMKOHHBENLRAR TH LW CHEENIRE O M R
APp=aPpy+bPn? (2)

Z :VC', A¢n=¢n—‘pn—1, ¢m=%(¢n+¢n-1). n::l, 2, tty N»

HHRDIFRE o b R,

2 3180

Ko="7"a, B_ZT (3)

3) RTRDBBNDo ko, B OERfESY Figl0 &, BEIIREOHEBELEREY Figll REhFhixdse =
hictss, BELOBRFEAMOIESHMEHRE Y AV

02 T 2 . = .
Roll Damping (S-8) . ° L, STEEEBREP IR BT DIk DH L
X —C—— M o3 8 8 PRI T B,
- £ /g/r*a—‘ HEIE O AR M BT To
) 1
Roll (S-8) — Cal.
5F Fp=025
%
T,
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Y
Y
0
0 ol 02 Fq 03 o | 2 L3
Fig.10 Damping Coefficients of Rolling of the Fig.11 . Amplitude of Rolling in Oblique Regular
Model Waves

3.3 MAIOAMKGEGHOHA
B CHAE LIBoBEyY 4) XoXseEbl, Figh o (2,y) kIO LAEY 6) R0 L >
wEbdo

B o 0=0, cos(w.t+eg)
EARRER © Yo=Yo cos(@t+ey) (4)
RAE R @ o= o cos(wel+ep)
B 1R R 9= cos (0.t +ey)
% : ¢=¢, cos(k X+ wt)
={, cos (kx cos X' —ky sin X'+ w,t)
={q cos(—kz cos X—ky sin X+ w,t) (5)
IR, 0 ZEOMREE 0. BMEELOEAVCOMAEKTHY, FXER 27/, A:EE) ThHDo
BE O e (XIS midship OMEPRORICKI L E AT L, HERYIER L B,

ETFHER : Zg=2Z, cos(wt+¢e;) l
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MAloBEESEMOBX LBEEORE RO E OENHNKMERTH L0, BOBEBLO K HTELY
2¢ & LT, HAKEEENT (6) Xk 5 EHE D,

b
Z,=ZG+(x—xG)0—-2—<o—c (6)

(6) KD ¢ DR KT y DECIZ 2 BT HHMOKEOME b/2 &, EAFhEIUCRERRCI Sy HEgo
MROMEORER Yo+ (—26)¢ XML HZRETHBD, Thihnx b LtENEHCKD 5%, BEZOELE
RICHELTERTEABRNIVOTEERE LAV LT %,

6) Rd b2 Dfi: LTk, BEORIEINIVERKE LTEOBHEOEKICISIT S FiEd & hid Ty s,
weather side, T 7 bEDOFKBEOHEKIE b2 CADEE A, lee side, +iHbikcs LTFEHoHE
Ik b2 CIEDEXBWD Z Litic b,

3.4 Dynamic Swell up OH%

MREOBE R X UMEE D orbital motion %F+Z L X % dynamic swell up ¥, HY¥ DO HENC L B
2RTEBHRTIIYRDBLND,

Z @ dynamic swell up % (7) XD X 5 KFKbTo

ETRACE S LD : {p/Zy=C( g cos(wt+ex)

EREICE S L0 {s/yog=Cs cos(wi+eg)
BEhICES < b o cR/(%pr:c‘R cos (et +¢2)

ZZTe 3BEREOEBFCH TS dynamic swell up DAL T, BWEHLIZ O HEbbDLDTH b,
FffloX#EY (4) AOMEBIE L FA— i, FBEEHRX 35 dynamic swell up 3 weather side &
8) KD Xs5FEbes,
ETFfEhicat U ¢g=2 g cos(b+ep+e,)
BERE h st Ui Cp=(2—26)0 g cos(wet+ey+¢ep)
ERERICH U @ {s=—yols cos(@t+es+ey)
JAEIRRICK L Cy=—(2—20) ol s Cos (0t +e5+ep) (8)
BEhCHL: cn=——g-%c'x cos(wet-+eg-t+ep)
+0'G @ 5 cos (W t+es+€p)
fefil, HfRh X% dynamic swell up (XEDLG Fh ) OBENRY, O AxbboigEh s 0Ge o)
HREROMELTEDLEDEDE LTS, 22T OGGMR O I EHCDBEXERIELT D, F1 lee
side Ti%, s ¢r.¢r DFF% (8) REFRTHIL I
K, P orbital motion % E T L X% dynamic swell up i, HOEEY (9) RO X 51, B&EFL

H y=0 W} orbital motion ® z HHEMS, y HAKsS & %Mk ETiEh, EHEEhCREX®L - LiC
I DEFOHEY TRDI Cals XAVT (10) RO X 5icEbT o ENTE B,

(7)

2
Zy= -—-Cae’”< : > cos (wat—k2x cos X)
€
2 (9)
Y= —caekz< o ) sin X cos <a)et——kx cos X—£>
W, 2
weather side ¢
2.
Cow= ~Cae’”< (;D > ¢ i cos(wet—kz cos X+eg)
€
2_ (10)
Cuw=Cae"‘( a()o ) ¢ s sin X cos (wet—kx cos X—12r*+es>
4

lee side Cit Cyw DEFE %R (10) K EWTTIUT v

9), 10) RD € O 2 KDL, Cow OHEL, WEHRFRK o CREDZEYEK —od A, Cpw OB
AREKDOEsSF —(1/2)d HBV-5o

®) R& (10 RO A5 THE dynamic swell up Zp R ¥ 5, LA T, dynamic swell up
EAHMUOERKIERE, (6) ROMEMNKEEES Zp #ELETHEOR 5,
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4.1 RBRLHBOUEK

S-8 MBI D Fr=0.25 ¥ 2R KMNEBHORBELTHEME % Fig.12~Fig.17 &, L oHLmRlicK
T Bo MpOB#IL dynamic swell up & F e VEHEEY, ERIFhEYELLOXTRFRR LTV 5o

IhLDORNLRD L S EN bbb,

(1) fa® Stem OHENKEEBITXTOMEMHCHR LT, —# dynamic swell up #& 7o\ 3HEfE
HEREEG 50 Tl Stem BREOERTH HDOT, “KILEHR T L MM dynamic swell up 242
TENEETHLILERTIOTCH D AEKBWT, YL=1 FEEDED Y — 7 CERMEMNEBE L H 2
REDTHH01L, MEDOHEENDRRAR L WBOLL totc Fee JiETEY KL, 0B 0EE®
FKBIRICEE D BBt EL LR B,

(2) weather side o Sq. St. 8, 5, 1 X0t lee side ®» Sq. St. 5 @ N KL EENT, [ & flb Ak
WX, dynamic swell up &t BENERECT o Bk 1358 412 dynamic swell up TETEHE
fEE S F VT REDOHHICE 2o FDBEFTIY, KRIELFEBEII LD B 5EALTT. L LAKK
HL 72 BEPE 5T, dynamic swell up % &% 7o\ FHEMEES S HAH 5 2205%h Do

42 M- -MEOXE

Fig.18~Fig.23 i, S-7 & S-8 Wil Stem 35X 08 Sq. St. 8 » weather side DR K EE) D ERE
ZRTo RADOEEL S-8 O Fr=0.25 w3 5fH%Y, WHEAAU L S-8 THESY Fr=0.15 K Fx ¥/ &
EOEY, FTlo—ARBRMN S-7T © F,=0.25 i+ 52 R LT 50

(1) ## (L/B) o

SBIITH T LB OEHKE IR EGED ML O/Ne b HEThBEETH Do LIRS B TR
% LIB oY LRAUCEATH Do IEEDOY ~ 7 DE XL L/B O/ h S-7 gk Th b,

(2) MFEORE

MELETIRDE, BEDOC— 27038 T 5L LIRIEEDLUMN AL ORXHETR S0

4.3 ROBEHRCHTIEL

S-8 MUOHORIHAOHNKLEROS ik, MELFDAED AYL=0.5 1.0 i LTmx L &0

Zr| Fn=025 Relative Motion(S-8) Zr Fn=025 Relative Motion (S-8)
Lsa_ X =180° [e) 0aYOo Exp. 1;50_ X =150° o cavoo Exp
——~Cal. Including —— Cal. Including
Dynamic Swell-Up Dynamic Swell-Up
4 ~7"Cal. Excluding 4r —--Cal. Excluding
Dynamic Swell -Up Dynamic Sweli-Up
3r 3|
oL (Weather S) o
[ S
0 0
a
I = S.S. 5(Weather S.) L £\ S.S 5(Weather S.)
\)
u\\ NS a a
o | \\\ a ID \‘_‘U e
0] m— =
. © S.S 5 (Lee Side) . PR S.S.5(Lee Side)
== S
v\% W
~N
0 | adN - o) | S dr e mn o o o -
o] | 2 AL 3 0 i 2 AL 3
Fig.12 Amplitude of Relative Motions in Fig.13 Amplitude of Relative Motions in
Regular Waves, Y=180° Regular Waves, Y=150°
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Zr Fn=025
Lol X = 90°
Relative Motion (S-8) Stem
ocavynod Exp . o
—— Cal. Including
Dynamic Swell-Up
o]

oavyod Exp

~—— Cal. Incl. Dynamic:
Swell-Up

~~= Cal. Exc!l. Dynamic:

Swell-Up

=~ Cal. Excluding
Dynamic Swell-Up

Stem (Weather S.)

Fig.14 Amplitude of Relative Motions in

S|

Regular Waves, Y¥=120°
o Fp=025 ©avoo Exp 2 Fn=025
0N © X= 60° ___ cal Incl Dynamic Ga|  x -30° o
! " Swell-Up 2+ TN
\, o Stem --- Cal Excl Dynamic
N Swell-Up p ~

[e]

L ==T—=—= =

Fig.15 Amplitude of Relative Motions in
Regular Waves, x=90°

oavy oo Exp

——— Cal Incl. Dynamic:
Swell-Up

--- Cal Excl. Dynamic:
Swell-Up

~ -
———

Fig.16 Amplitude of Relative Motions in
Regular Waves, X=60°

2 VR

Fig.17 Amplitude of Relative Motions in
Regular Waves, x=30°
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- Relative Motion

at Stem

Amplitude of Relative
Motions at Stem, X=
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Fig.21 Amplitude of Relative
Motions at Sq. St. 8,

X=150°

i

Relative Motion
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Fig.22 Amplitude of Relative
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Motions at Stem, X=120°

Relative Motion
at Sq.St. 8 (W.Side)
X=120°
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Fig.23 Amplitude of Relative
Motions at Sq. St. 8,

X=120°

Zr Relative Motion
£l % =150 Relalive Motion._
Lo ° ™\ at Stem
_CZL X=180° Relative Motion 4}
il ot Sq.St.8 (WSide)
st
2t
2-
' L
1k
o}
0 o , \
0 I 2 AL
Fig.19 Amplitude of Relative Fig.20 Amplitude of Relative
Motions at Sq. St. 8, Motions at Stem, X=
X=180° 150°
2, 5 Fn=025 %
Ta | AlL=1.0
) Exp. Cal. d
Sp4 A=180" © ) __ inctud. dynamic swell up A
1];’8 a ——-exclud. . e

ST

1
AP 1 2 3 4 5 6 7 8 9 FfP

Fig.24 Amplitude of Relative Motions Along Ship
Length, A/L=1.0

o 1 1 i 1 1 1 1 1 1

3 Fn =0.25

2

1

O 1 1 1 1 1 I\ i 1 1

AP 1 2 3 4 5 6 8 ] FpP
Fig.25 Amplitude of Relative Motions Along Ship

Length, A/L=0.5
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A No. 5910 Fig.24, 25 TH %, “hbORrb, HEEDOEWL
20 / o Frwe $a (WL>10) ki3, SAERRIEE O MR KD
Fn =0256 DE(IXE LL, B (FP) 15 < et » TAM
or CRMLT 5%, HEOE B4 (AL=0.5)
\\TT‘F1 L ik, MOEIHHOBEITKE o2 Edlbd
0 5 1 Z)o
ol No. 5825 4.4 THURPOKE
//_\\J éigg K REBRAHUNE *RBE X8, @Aks Lo
101 \\\ SAFFICRTHME & Sa. St. 8 O AMEE
~ % ST BETHE Lo THRABOA2 }5 &
0 5 10 1S m WICER 10) KRB DL A—D L DCRI7,8,9
20} No S835 . BITN10 AN YR L WAL L, Mosko-
'—“ ;?;’1 z(;gg; witz-Pierson BTH 5, Fig.26 ¢, EBRCAEL
10} = T AHBIE RO Stem A % K 725 B 0 IRIE S 15
— T RFRE 5 Rayleigh 43450 g,
0 5 10 15 m AN p o KB CHIE Uic b KA BB o 15 BE ST
;IZ)- No. 59“8” o &, Moskowitz-Pierson Bl 222 + F 4 L 5
] X - 180° LBVERELEC LY RDILDTH Bo HRT
0k Fn = 0.240 RDLIEED ORI TE DT, HH D T &
l ~1 | Bicmbddh, HABRISEGCL-EAaAYRL
0 5 10 15 m T\ 5o
o No. 5947,Bft. 10, 4.5 PEFECHTIEE
201 LS B O BRI KA U O BB A TR,
ol DI AL A BITE Licht, & OBEH N HEL S
~L_| PHREA & LCFRO & 5 I A3 b R o
. L L [ e (1) HHEESBO girth 1f > TS
o T\ DT, RERE L EEY LT 584k Fig
o No. 5954 6 DBAfRIZ X v, BEKFAOKMCEBCHEET L
20 Bft. 10 Bhdbo Lhl, OBEFIMREOEEREIA-
Fﬁ;ﬁg Tuig\e BEICE 20, M2 wall side ¢7c<
10 \\\ TUT =NKRT, LrdEEhokEWBaL,
l :¥4:l__ | RIS LB OB R E 2 T (6) Ric & HEHE%
0 5 10 15 m T 5 DERD B,
¥ig.26 Amplitude Distribution of Relative Motions (2) MBEZTTIL, LRABRITVRETHY
at Stem in Irregular Waves DR AR EBI2 A X WBAI, WEH»HBECH

o> THOWKERFDL ER Y, RORTAPRDITACRS T2, ChXEE AFRECELTREZZFEOALRA
HERREBN, RHEBC X - THRKIEB E LCERINBDBEM D b0 BRERO O 27 4 L AREN
LR T, REOBENKNEBSOMEECILOKEOREN MY, AL=1, 1.25 o[, fomgs
THERED, BEOHMKMEBEL Y KE<Hbhd I EXEILDL R,

(3) HHBBIMEAOERILZEFA—THHDT, KEBOESERO L X CHEIEE LCEBRT X5k
i, EEIOGEDLENSETIEHEREWZER L S,

AP ROER 8.4 TRIOX57BERDD, BEIhLERXER, YR TCEAINACEAEL IS
INTH oo .

kR M~Q) ofxHBTHHIIE, HNKEGORMEBYME»LBLYCE LT, BEHK, BHEOT
FECTEHTAHIIRERTE I Ve ZOLDIITE L TRALYHITRTE RO,
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5 #

RDE T BT DRMUOHER K EBZ R0 2 vFFrdf s U THAER I ERAE (ALY v
B L o MEEETE L, “RITERC X MM dynamic swell up OHE) & &Fh\, BB, I
EDOHEREOWT, MEOUB XTIt TOKE

(1) =2v7Frfo X5 fine ZLMAITIE, MEOHENKLESL dynamic swell up %4 % o\ IHEME T
HETEX %,

(2) [, FDEEF TIIAAO BN EBII£BANC KT, dynamic swell up % & it BETHE T
X5, BEOZLELIREIDLNI,

FAADBEFTCRBEFEN—H L2 8, HAHOFECHBTREARDB L EAHBL, “hb
BESEOWAREL LTERI NI

FmEPAU Sy, ERERCHN L W Wi BRI RS EFABE T, ERilL—KI
HLRBMTHREBTH 5o

ks, MAEBIOGEIMMBAART A EFEHEE FACOM 270-20 = X v, dynamic swell up % &is
KR EB O E I Bk £# HITAC 8500 i X b FhEhiTrebhic o b 2431 5,

2 £ x

D\ 5 AEFRET PR EANOBWKDOITLAZK DV, EMPLHTES 107 5 (BEF 35 4).
2) BFEH HAXE, BEFEH, I, KEEAN: —BEE2 v 7 FORE B Of#ivt g B3 2

oo, PAEEMa A HE 41 B (B 45 ).
3) M.F. van Sluijs : Vertical Ship Motions and Deck Wetness, S.N. A. M. E. Spring Meeting (1969).

4) f@EEE—: BERHPOMO Deck Wetness BT 2 BHITH, BAEMF LR CES 124 B (B 43 4).

5) f@HE— : Deck Wetness O RIITHICE S EREOKRH, BABMY LR THESE 128 2 (131 45 4).

6) My : Wave Height at the Side of Two-Dimensional Body Oscillating on the Surface of a
Fluid, Reports of Research Institute for Applied Mechanics, Kyushu University, Vol.IX, No. 35,
(1961).

7) FEFEY: MEBEMATAMA~OWKITAZCE T »—5 8, MALENBL B 1458 (BB TE).

8) N. Salvesen, E.O. Tuck, O.Faltinsen : Ship Motions and Sea Loads, S.N.A.M.E., Vol. 78, (1970).

9) H¥EE : Short Crested Wave thiz i+ % Sway, Yaw, %Xt Roll DEBNCOGT, FEHERS
S 42 B (WA 46 45).

10) BAREE, EHEF, BAXE, HEAE: —mMEE= 5 THROR DR BT S EEEY, HALER
HELRTESR 129 5 (B 46 4).

11) RS, HFRF, FKEHES: B5HE= Y7 rRROMDE R BT SIS ——L/B=8 o 1@k Lot
2EMDOWT, BITEAMBE <M 144 B,

fii2 Roll - Yaw - Sway 0 E=R

EHEHAHBRRAE (A1) RoXs5®kEb T,
(m+ay)ic+bydc+cnye+apd +bpyp+copdp+apy@+boyb +copp=F,,
Jso+800)§+bpgd+Copd+ aopd+bopd+ g0+ aypijc +bystic + cypyc =My,

(Jootaop) +bee + Cop®+aysiic+buelic+ Cuo¥c +aped -+ bypd +Cpotp = My, (A1)

EUDERBUL, MOMEOMERICNT2HMER Ms, SERSE Nso S0 ZhOOFENOHERO.

Isplw ZFAWT (A.2) RTKDBR B, 2T s¥=2—2¢ TH 5o

awszsdx. bw‘—:stdxv cyy=0
= f Msz*dz,  byy= f Ngz*dz—V f Msdz,  coy=—7V f Nsdz,
ar= [ Ms(sz—08)ds,  byy= [ Ns5(ly—0G)dz,  cpy=0,

2
a¢¢,=f Mgx¥idz, b¢¢=f Nga:*2dx+—‘—z%—f Ngdz, C¢¢.=——V2f Mgdz,
e
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aw.—_st(ls}z—OG)x*d-”C. b¢¢=f Ns(ly—0G) z*dz+ VfMS(lSR-DE)dx’
Cos=V f Ns(l,—0G)dx

ayp= f Msardz,  byy= f Ngz*dz+ V f Msdz, cpp=V f Ngdz,
Joo+aop=09F GM(T,/(2 7))3, boe=2 ate(Jopt+ayy)

Coo=pgFGM, =zr 2 a'e=(2T—”>xe
»

Oyp= f Ms(Isp—0G)dz, byp= f Ns(ly—0G)dz, eyp=0,
Gpo= f Ms(lsp—0G) z*dz, byp= f Ns(l,—0C) z*dz— V f Ms(lsz—0G) dz,

c¢,,=—vf Ng(l,—0G) dz (A-2)

(A1) ROBAOEOBRFFIKRRD X 51ctsbo & i k*¥=k cos X', §4/=kd THhH %,
Fy,=F; cos w,t—F; sin w,t

oo .
Fg =269 f f e*zsin (ky sin x’)dz s | (k*z)da

caa)ow, sin Y ste as2¢e’ (k*a:)d:c

caw., sin X f Noe=/mew 2% (kég)da
Mpe= Y cos w,t— Y sin w,t

Ye
Yo = 2 % [ f f e sin (ky sin x’) dzx* (k*:c) dz

Cawowe sin ¥ sta:*e—U/’”fl (k*x)dx
Caw,, szsta:* — (28’ (k*x)dx

+
icano sin X f Mge=mew 2 (o) da
+ sin

_&a V——szfNSe (1/2)54’ (k*:c)dx
Mye=M cos w,t—Mj sin 0.t

M —— F;

M =_0G Fg

;2 pgcaf {fe’" sin (ky sin X’) (ydy+zdz)} ::; (k*z)da
— ., _ , sin
Cuwowe smfosls,;e /284 cos (k*z)dx

Caa)o sin x f Nslye=mes 2 () du (A.3)
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