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On the Evaluation of Wave Exciting Roll Moment by the Strip Method

by Masataka Fujino, Member Kazuyuki Sakurai, Member

Summary

As a practical method to calculate ship motions in waves, so-called strip methods now pre-
vail through the world. According to the investigations which have been performed up to now,
it is conceived that the wave exciting forces related to heave, pitch, sway and yaw motions
can be evaluated by the strip method with accuracy enough for practical use, but, on the
contrary, there is room for further investigating whether the strip method is valid for esti-
mating precisely the wave exciting roll moment. Recently, Tasai and others manifested that
when a ship has no advance speed the wave exciting roll moment acting on it was able to be
evaluated well by New Strip Method if two-dimensional hydrodynamic forces were determined
appropriately, for example, by the close~fit method. In this paper as well, the particular pro-
blem mentioned above is dealt with for the case where a ship has advance speed. As the
result of the present investigation, it is concluded that Ordinary Strip Method (O.S.M.)
yields good estimation of the wave exciting roll moment. However, if the wave exciting roll
moment is required to be predicted more accurately, a method advocated by Salvesen, Tuck
and Faltinsen (S.T.F.) is recommended rather than Ordinary Strip Method. Lastly, effects
of the presence of heel of the hull on the amount of wave exciting forces are discussed on
the basis of theoretical values of wave exciting forces obtained by the strip method. In con-
sequence, it is shown that the wave exciting roll moment is affected to a great extent by the
presence of heel of the hull compared with others. :
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Fig. 3 Wave exciting roll moment of a
container ship
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Table 2 Principal particulars of an ore carrier

full-scale

ship model

Length L,y 247.0m 3.0m
Breadth B 40.6m 0.493m
Depth 23.0m 0.279m
Draught d 16.0m 0.194m
Displacement W | 135,950ton | 237.0 kg
Block coeff. Cy 0. 8243 0. 8243
Midship section coeff. Cy 0.9975 0. 9975
Longitudinal position 7.301m 0.089m
of C.G. QG (fore) (fore)
\Cf.eé'fical position of KG o 0.149m
Metacentric height GM —_— 0.050m
Longitudinal gyradius K, —_ 0.2362L pp
Transverse gyradius K; _ 0.2200B

ST o e
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Fig. 7 Body plan of an ore carrier
“Kasagisan Maru”
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Fig. 8 Wave exciting heave force acting
on an ore carrier
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Fig. 9 Wave exciting pitch moment acting
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Fig. 10 Wave exciting sway force acting

on an ore carrier

AP Yy TEE IBEERBEEREIOEE L ST 131
CY
o4l fn02 | EXP. Q.S M.
0.3
x=150 0.2
2 X=120
0.1
5 : ; 0.0
1 20 30
ML
Cy
Fn=10.2
0.4L .
- EXP OSM X = 90" 6
© X=120" o
. 03 % =150'0 N
X=180 A I
0-2r %= 90
0.1 | .
: T Oy156
O A R
° 1 i : 0o ! T X=120
1.0 2.0 i . . . }
30 a0 1.0 2.0 30 2/

Fig. 11 Wave exciting yaw moment acting
on an ore carrier
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Fig. 12 Wave exciting roll moment acting
on an ore carrier (F,=0.0)
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AN
CR CR
Fn=0.2 Fn=0.2
15 L EXP  OSM 15 |- EXP. OSM
) xX=120"0 « —— X=1200 —
X =150 o (about O ) =150 o (about G)
1o | —Qx=120

1.0+ =

05 0.5
0.0 0.0 i
1.0 2.0 3.0 My " 2.0 30 }/L
Fig. 14 Wave exciting roll moment acting Fig. 16 Wave exciting roll moment acting
on an ore carrier (Fp,=0.2) on an ore carrier (F,=0.1)
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Ch— : Table 3 Principal particulars of a fishing
Frn=0.2 | boat
15 | X EXP. O.SM
=30°0 full-scale
% =60 a (about G) =50 ship model
Length Loa 15.20m 2.000m
Breadth B 3.80m 0.500m
Depth D 1.48m 0.195m
Displacement W | 60.96ton | 135.5kg
20 30 ML Draught fore dy 1.083m 0.143m
Cr aft dg | 1.6583m | 0.218m
Fa=0.1 :
15 L EXP  OSM. mean dm 1.368m 0.180m
' X =120° Q
X150 5 (about G ) o 5 . Trim 0.570m | 0.075m
L x=120
1.0 !// l Metacentric height GM 0.295m | 0.038m
[e) AN
L osor Vertical posi- KG
=150 1D
0.5 = 2 a X tion of C.G. (fromB.L.) 1.704m 0.224m
P4 |
R 2 Longitudinal position TG 0.845m 0.111m
00 1 ! ! vof C.G. aft. aft.
: 1.0 20 30 a4
Rolling period Te 6. 34 sec. 2. 24 sec.
Fig. 17 Wave exciting roll moment acting

on an ore carrier (F,=0.2)

THETE S, EmLHEEZY S T.F. 2
WEABREE LWEEL RS,

3.2 MACHENLAHDHES

NEIBER OB HREBIED BT, BEM IS ofk
@< sway & roll DOPIRREIT OISR A
WA S.R.L) KW TfTbhi1d, EBIAGE
NIEFHR O body plan % Fig. 18 1, :EH% Table
3R T ERIIBEE X=90") REBOXT, MWERIE
T, BAaRRNZ 10° 3 Bl 23 ETacEs e
FHEIN T 5, ERER LARIOHERIZ X 55tE
fE% B LT Fig.19, 20 wiR¥d, SEELTIE

ZIRFTFIC 10 E45 L, SMEOWIEELC A

Fig. 18 Body plan of a fishing boat

FNBEBIKR I % 16 KBETH S,

Fig 19WR L1z, sway D REEI O B f <k
WEDFA, 0.S.M. & S.T.F. B0 EErovtn
DET, ERIEZI VEECTHS S.T.F. Lo EER
itV AR E 084, 0.S.M. ¢ diffraction force
ZIHE TS C L, RPEENASLLDOEELRL, 7t
F, sway BREIJNIMEAER LTS, FhizEBbL
RN ERHEE ERELDITRLTGS,

—77, Fig. 20 /R L7z, roll s&)e — 2 v } DAL
O.5.M. & S.T.F. RC X 2RIEOHEMEIC S E h it
£\ LD L, RERIUCRE I 7oA A S & roll 35
He— 2 v+ OFOMMEZEI, WHEEOMCEZ,
ENDHDo Tie, Fig 20 nOHLMCHhNB X511, 0
AR T 5 oM TEE(KF upright DB4) D roll
SHE -2 YV MEITRVERTHLORE L, 10° B
LT 2B T2EAN D0, HEESERE
D—HEIER LTV 2HEOHMNEY, @A LTS
BAR, 02 0kESI2ORT Cp 238435 D1,
©0—0 L7551 Lo » T heave FE D Froude-Krylov
Apirolligfle — 2 v s OFEH R LD, 1 0BRAE
& BHicd, FEEMNCHRLTERTILTS Lo 0kE
D2 T Cp BEBRKICH> THATELDTSH
Do L, MEIFEIZLTHSEE L heave
D Froude-Krylov J71i2 X5 roll £— 4 v MIET
HD, 0N 0RFESONT Cp BARAEIES< o
L7chio €, roll #ifle— 2 v r OFHBEOK, HicHEHD
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2r Cs — Upright 3 CR — OSM.
\ ---- S.TF.
, O Exp(SRI)
1 — QsM. upright SR,
---- STF i
O EXP(SRI) D (rads)
~ 1 1 1 1 ' 1 L ] ¢
o g wlrads
1 1 1 L ] i ] d; i 19 ¢ 1 ) 1
° R w (racs) 10 54 3 2 1 05 M
L T 1 1 1A
10 54 3 2 1 o5
2 r
Cs 10° tisted to 3r Cy T OSM.
weather side ) T S-T'F‘(SRI)
— OSM, O EXP
ir --— STF 1 ‘]O‘7 listed _
O EXP.(SRI) to weather side 7 o T==a
\\‘\ 1 1 1 1 1 S SRS SO | a_)(rddls)
¢] 1 2 3 4 5 3] 7 8}/
1 1 1 1 1 1 I ] 1.1 1 1 1 —_— L
O 3 5 % g wrads) 10 543 2 1 05
10 543 2 1 o5
2— Cs — ° . 3 CR '_“‘OSM
Q)\o\\\ 10 listed to ----S.TF.
Q9% o O™~ lee side 2 O%po O EXP.SRI)
— OSM. o™ 1L 10 tisted
r --- STLFE to lee side
o EXP.(SRI) 1 1 ' 1 3 rad
S, O3 ¥
10 543 2 ] 05 b
Y 1 Il 1 Il 1 I 1 er .
O 3 5 ¢ 7 ¥ , .
Loy : L ML Fig. 20 Effects of heel on the wave exciting
10 543 2 1 05

Fig. 19 Effects of heel on the wave exciting
sway force (fishing boat)

HoMEIREFLBEI VbThEEAC TR T w
o, BESECTHIETRE, 0—0 T Ce BREAT
BEREF 2T kD EELZDR S, Fig 21 mixft
REHRMTR T, BHPREROLE X VRS I
dy FTh Tk tBELCroll e— 2w FREEL
TRy, ERELI&HE TR L, BELL dy OfF
MBS AR TN WS &b, roll Bgle— 2 v

F DIFFERFRIAWNTHEETH LD b5,

Fig. 20 iR L7 roll B&l=e— 2 v F OFFEMEIL, B
ROBEROFEEV A roll & — 2 v b OfEICE &2
MEERETHI EHRLTV S, MEBEROFEN
FRBHINCRIETHEYHLMICT A0, Fido
RINFLic oW, heave, pitch, sway, yaw, roll @
£ZHROEFI X E LcEREY Fig 22~26 R L1
(R, ¢l ZERTTOEFEYEEL LTV %), heave,
pitch, sway, yaw O REHITICIIMEEERN OE
B EEE TR0 L, roll HElE— 2 v X
EROEERC I > TELIEETLZ Lbibd, &0
Z Ry, AR A Lewis form CRELEIT 5 iThig
TEMT AT L » TrollBagl=— 2 v + O EECE
BRENMETIZEXE L MIYROBRLEL V25,

roll moment (fishing boat)

— STF
O EXR(SRI)

Upright
B=05m

3
Ca
2 L ay=3mm
dy=2 mm\v %

1} 4y=1 mn\}:
4y= Omm~” 60 9]

L : L i : s . " rad
R R A T R
1 I - 2 1 A
10 543 2 1 05 L

Fig. 21 Effects of setting error of force-
gauge on measure wave exciting
roll moment (fishing boat)

MR D dIERER LicE T Ui il
Ligw v foliy, £TOREM L R FHET 5 foditik
HRRTOEESZMS TR by, KRR TILE
B F Clob b o T i WO THIER R 2 SiE b2 7o
25, BEACB LT, B LICEEOEENIER LT
Wi WBEIL DL TEB LR FHEALELSBRLTHA
5 ENTFEINS,

4 #

AREDOER, LT ORGRIELRI,

(1) MERBEELFVECERL, 2 KTREID
& close-fit IEAGIE, ANV, TERIDE
BREI N O EETEREE B 5T 5 L2 #F

i
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Ch Cs
08 | heel condition | Fn=02 heel condition Fn=02
. 30F — x=20°
= G Lm=Ees = o =10° | OSM, \
06 o X= 90
z i —— o =20 -
20 +
0.4
10 b——
0.2 0
00 0.0
Cy Cs
08 | heel condition | Fn=02 heel condition Fn=0.2
W — o« =0
--- & =10 [ OSM, o
0.6 o X =-90
—— =20 S WA,
20 e
04 f gl o
/ } X =-150
1.0 4 |
0.2 //'//
00 00 =7
3.0 1.0 20 30
ML M
Fig. 22 Effects of heel on the wave exciting Fig. 24 Effects of heel on the wave exciting
heave force (ore carrier) sway force (ore carrier)
Co Cy
heel condition Fr=0.2 heel condition
015} — = (° - 1 04 M ;_ o Fn=0.2
== o =10 } 0SM, - :10"} osm.
— - o 03¢ o
010 —= x =20
0.2t
005
01 r
0.0 0.0
C
Co Y
heel condition Fn =0.2 0.4 p heel conditi(zn —_——— 1 Fn=0.2
015 — o= 0O — L — ®=0
- W =10 ] OSM. osl T o =10° [ OSM.
—— _@500 ' —— ®=20"
010+t IS
y 02
'
i
005 . : o1 b
‘ x=-90
| | | :
00 1 1 4 00
’ 1.0 20 30
M
Fig. 23 Effects of heel on the wave exciting Fig. 25 Effects of heel on the wave exciting
pitch moment (ore carrier) yaw moment (ore carrier)
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136 HEEMELRTE
heel condition Fn=0.2
15r — ® =0 X - 90°
- X =10 QSM,
—— x=20"
1.0 l
a4l s
0.5 e e =
]
— T
o * | |
. 1.0 2.0 3.0 M
Cr
heel condition Frn:0.2
15 1 — & = Q —X—‘QO° I
- x =10"{ QSM,
—— x =20
1.0 i
ya
0.5 4 ‘
| T i
0.0 1.0 2.0 3.0 AL

Fig. 26 Effects of heel on the wave exciting
roll moment (ore carrier)

EEREN DA G AT L FEID b,

(2) FEEHHOMECELT, f% 0.8 M. &
S.T.F. ¥ ORCIIAEERENTE ZR T, 3
AL > TR EEORERCEROETIHAL S
5o O.S. M. THERALT+HIBE CHETE SR, &
CRBREREHNI O X 5 N EOBETIE, XD
BE T S T.F. 3hf#d 2 EAEE Ly,

(3) BRI Liciicinbs WRBH IO 5 B,
heave, pitch, sway, yaw O REIICIIEER OB
FUNE WA, roll BREE — 2 v TR A EEA OB
IZEEETH Do

FREOBEFTCHIc D, KIAHIEE R W TTRR
ZEE, R ISR ERENE, FE
2 JINRBAEETCOMEEEEREE0ERE, b
R ERT — 2 R EL B X o MBS R E
AERRICES BLELEF 3,

Ieks, AMRIHET BERERLMEAREELTEX
HARFEMEO—BRE LTEBINIE &5 JOEXE
TH#DD 5 X CTHAFER IV EERSHE R WL
T ERMEEL, LhbH. BFEHEOCEEE R
BLEFES, fak, FHECRERASARSE Y v
5 —o HITAC M-200H % &/ Ui,

%152 &
B2 £ X @
1D HIE#E BAXNE: HEEGoSEERDS X

FTEE, MM CET s vy HY v A, BRER
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2) HZF{E¥ : Short Crested Waverhiz $s13 %Sway,
Yaw, & X O Roll oEEhc o\ T, FHREMRL
2%, 425 (1971).

3) Salvesen, N., Tuck, E.O. and Faltinsen, O.: Ship
Motions and Sea Loads, SNAME, Vol. 78(1970).

4 MR ¥, BHIER, BTEAH : AEto Rk
TR T HWEBEHEF 2T, HRERELHT
%, #1325 (1972).

5 HIEE, EABREE FHE B RomEnRE
BEIN S LOMBFHoOBBOHER O VT, &
HEMREELREH, 5 62 & (1981).

6) PMRIESE : SRAEAR O KB RO ES o\ T,
ARERas®, & 51 5 (1976)

OB OBREARO ETERLEEROBERER
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8) FIFLEF : RO FOROKERESHOBRI O
T PERERBIEWESHE, £3% H18
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9 HIEE: MO LTERZL VBB ST 5
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10) Tasai, F.: Hydrodynamic Force and Moment
Produced by Swaying and Rolling Oscillations
of Cylinders on the Free Surface, Rep. Rese-
arch Institute for Applied Mechanics, Vol. IX,
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F E23

O.S. M. o# x Hrehe, <, diffraction force % B
td%c (1) RCEHEI W 2 AHBERB T T 2 58

71‘:7"/“/-:(11/ Q)[ 58

@I:Re{Z‘gTag—/cz+i(k".r—xsinx-y—w,b)} (A_l)

L7z 5T, B DR FHEED yjj‘@ <7J(S*ij‘@) B
Gz (BEHR) RY vy v, RERTRKRKTE
Zhbhb,

h@@,

UZ/"‘W:Re {a wSinxe—xz+i(k*x—fcsinz»z/—wet)}
(A-2)

V= 9;5;1 =Re{—iawe "z +i(k*T—rsint-y-w.t)}
(A-3)

Ehig, vy X y=0, 2=d/2 w1} 2 fECHREIR
‘f:)&, C3:S'1n7(~e"‘(“/2) &2‘0‘< C&?:J:»’)VC

vy=awCycos(k*x—w,t) (A-4)

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

A MY o TR I AHERERBE S OEEL

DWW . 137

Eledo —H, v 1% 2=dm WETHECREIES L
vy=awe *incos(ksinX-y)sin(B*x —w, 1)
—awe*nsin(k sin X - y)cos(k*x —w, )
' (A-5)
tiedo 2T, cos(esinX-y), sin(ksinX-y) %W
DEFECFEET L LV EHEESRD, 6) B X
(M Ko Cy, Cyf, Cp e ffi 2 if
ve=awC,Cysin(k*x—w,t)

+awC,' C,cos(k*z—w, 1) (A-8)
Ele b,
BlEEY, MEEHEL W LXEEAESOBEEL

RESSTERRE -2V vk hyy, BEAR hyy &
ThiE, B dx oA+ Y » P fEH T 5 diffraction
force KD I8 %,

(1) sway
th‘:—(%—U%)(—W[Svy)dI
—<%—U%>(~Mgsvz)da¢ (A-T)
hye=—Ng(—vy)dax—Nys(—v,)dx (A-8)
(2) heave
kM3:“<%”‘j >( Myv)dx
——<%—U )( Msgv,)da (A-9)
hys=—Ng(—v.)dx—Nsz(—vy)dz  (A-10)

(3) roll (o &z bb)

hM4=-—<_a_t aax> Mu—tyoyds

hN4—_NS('_'lw>(_v?J>d73—-NH<Z}Lw)("‘vz)dx
' (A-12)
e L, j-mode ®EEhic X % i~-mode DA IEE,
BEREE,

We J ¢

Nﬁ:Nij:-—Re{pfcd)jnids}

(4, 7=2: sway, 3: heave, 4:roll)
TEXLN, My, My 7 &1k Mg, Mg &, M,,, M,
Te &k Msg, Mps ERELTwb, 272, KBELOME

(A-13)

BRT,
M= Msp=—Mgly, Ny=Ngp=—Ngly
(A-11)
Myy=Mpr=Mgylp, Nyy=Nyp=Nyly,
(A-15)

THbo

(A-D~(A-12) Rix (A-4), (A-5) AERAL,
MEAACES T hE, FXE @, 6G), @)~10) &%
BELND, Jok, RRALCHHEBEOKELFERL i+
oo, NOS M. TiAEXHF G) 8L (9) RXeko
IS ERMb B, Thbb,

G) X

_UVaw coSE*x
-
o[ CiCan < k*x>d

PR sink*x\
LC, Czj\/H(——cosk* >d%

N N N N NN

Udw sin k*x
+ We fLCgNSH< cosk’hx)

B N S NP NPN

) KX
L [ S,
+ U:"’ | C,CZNHS< ZOiZide
_ U;ew fbcl'CgNHS<_SiOI;Z:z>dx
ﬁ)%h:c%m end term WBEFIANLT
Win g

Uaa)

(A-16)

(A-17)
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