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2.1.1 M B
HE i O A, —8#o v FFMSRIBMETH S, < OMEL, SR 108, SR125, SR161 F DM
Ot CMT 2 EORROETEMT THY, TOWRPHERICHE L TRIZ OHERBR L RBER8H 529
-2 OHH L OEBRBAMESE (ITTC) BT oA M) v THEEKHA THRE LIMBTEH 5, £DE
FEATable 2.1.1 ¢, EEHERZEFig 2 L1IGRT, &5, 2 by PHRARTHEDNLF. P~ A, PR
o1 Wi T D BB % % Table 2.1 21CRT, MERPICE, MEFNOBERMHERTHOTINTV S, MEOFEM
(A 3 IR Lo |
2.1.2 HRFHERUMOMERHE
1) BEXTWEE _
WRE, omrLakENT g (= 2r JT77) OlT10~4.0DRE 0155 K3LAE 572,
(2) WeskUmH
e LD 0° GERE) KU 180° (FR) OEh, CN5DOME30° 5 FIC & - 2f»E30°, 60°,90°
120° KT 150°, BTy —R%& o1, $f, MEEB 70— FRTO0.275& L7, ‘
BL, 2R ITTC OB ERHTHY, SEORKRI I, HEMH 1 180°RT0°, 70— FEL 1 O RY
0.275 D&HREZF LT D NI,
2.1.3 RNEORBERUVEERER
ITTC OLEHE TR, 6 8 HEDOMEET (pitch, heave, yaw, roll, sway & surge ) KT & Db O it fitk i
MY 2EGEEE LA, AE»LESTI TR, MUERHEHEICHEET 565, B bheave, pitch R URBINII,
QT T —2 ¥ L EPLICKD L B,
BEORMBRITEOLHSIKEATMEE LTREINEG,
(1) Heave : Za/Ca

(20 Pitch : fa/ (kCa)d
(3) #tsy¥ih: Fv,/ (pgraLB) ( vertical shearing force)
4) #Mhye—x b1 Mv,/(pglal’B) ( vertical bending moment )

F 7B ORI, B10E I TTC HSHb Ik &0 OBEER " KR > TRTH & LIz, BB Fig. 2 1. 21075
T2, (FbOBEREOBFICOVTIE 2 AMMEY YRS 45+ 2 9 p 117 ~ 1185 R)
M @A b B st ABREESHOX. OV5FIN 0 A THRETFTHAROZE%E L5, (HFER)
(2) A EREAZ (2, MYOJKERE £, midship DABOBPLE O HAE L, PROBEFRET S, MO0 REHE
Hitdhae x #, GRAMEZy 8., THEz@8ITE 5,
(3) BRX@SoRDOHFMLSEDHMICES & LIRATREIN S,
{ =Clacos (kX —wt)
it (=Cacos (kx cos y +ky sin y — wet) (2 11)
L, WOB00ARELEEIEHBORALT 5,
@) mkESHE, REATERT B, NBOEAZIEIRES,
7 =1Za cos( wet + €z)

0 =0acos (wet + €6 . (2.12)
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A=foc

Table 2.1.1
Particulars

Principal

of SR 108

Container Ship

Table 2. 1.2

Sections of Ship

Ship §7-175
Lpp (m) 175.0
8 (m) 25.40
D (m) 15.40
T (m) 9.50
a (t) 24,782
L/8 6.89
8/T 2.67
Teb(%Lpp) @i 1.417
Cp 0.5716
Ce 0.970
KM (m) 10.52
GM (m) 1.0
Kyy/Lpp 0,24
Kxx/B 0,328
Ty (sec: 18.00
KG (m) 3.52
BKI

/e 8,/8s T/Ta S/Sa B/27 S/BT Weight
M w/w
F.P. 1.0 - 000 985 .050 000 |2l g
0.9 23 [ 1.000 7 .164 .923 .260
9 0.8 .248 | 1.000 192 .3 751 .402
0.7 .395 | 1.000 .293 .527 .720 .502
8 0.6 .553 | 1.000 .419 .738 .735 .601
0.5 702 | 1.000 .559 .837 an .701
7 0.4 .828 | 1.000 .698 1.105 .818 .802
0.3 .920 | 1.000 .823 1.228 .868 .900
6 0.2 .978 | 1.000 .922 1.306 .914 1.000
0.1 999 | 1.000 .980 1.33 .952 1.000
’ 0.0 1.000 | 1.000 1.000 1.335 .970 1.000
| 0.1 1.000 | 1.000 .996 1.33% .966 1.000
! a 0.2 1.000 | 1.000 .969 1.335 .940 1.000
| 0.3 .995 | 1.000 .913 1.328 .890 .920
3 0.4 .970 | 1.000 .825 1.295 .825 .840
317 0.5 921 { 1.000 .708 1.230 146 759
2 0.6 .839 | 1.000 .569 1.120 .658 679
0.7 .16 | 1.000 .417 .956 .565 .599
1 0.8 555 | 1.000 .263 781 460 519
0.9 .35 | 1.000 a0 473 217 .352
AP 1.0 22 073 .005 .163 2317 .185
= %540 () Ty =950 (W S, = 234061 (m) W, =2006 (FD)

¥ B =0.670 (m) : Modified breadth

X

Fig. 2.1.2

0
g ﬁ Wave

of the F P.Section

Co —ordinate System Defined by 10th 1TTC

\

tiy Verlical sh

Force

eaving l':::::::::g

kP

B
PRI VRN AV BN - 3PS I ﬁl (

Moment

(i) Lalemd Shearing l

Force

(iv) Lateral BM"‘J I\

Moment

V) Dorsionad
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Fig. 2.1.3
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%72, heave 3 THZENM %, pitch @MELTALE LT B,
(5) x, Wi i@ < REBIMT A R U REh T £ — 4 Y rOEDHBEMEL O, TTHY LEHKRTE — 4 v b 5%
neEn Fig 2 L3RS GFRACB 58 LT 5,
2.1.4 3 8 R
1) #EHHEX
ETRALRE NOHEREH I BEABRATEbEN S,

a,,z tbyz +¢,12 +a”0 + by, 0+ caza

= F, cos w,t — Fyesin @t

. . C . i (2.13)
a2 tbyyz +c, 2t 3000 + bgy 0""3000
= Moccos w, t— M,Svsin w, t
(21.3) RDa,;ubyy.Chp s Fagr Fpg oo s Myes Mpg 12, 2 b U 5 78K EDEZ 505 15 0.5 M,

NSMBIUS TFMOEHBEILL ORI, thZWoHFEERICHT 2 EH AR OZ LK% Table 2. 1.
IR, MG, MELOMEETTS 5, HWBEEICHLTR, BB TEOEROEAIBRITZDT,
LZTR—BNCHIBHEEZ o~ HELTET,
AR 3:%/-3:0) 1]
MEHHOEEOHE x =x, LARINIREBEK HEFv (x,) 3RRNTHRDEIN S,

X
Fv(x,)=’[(—gi'z's+%—zz—>dx (2.1.4)
fa

LT, Z4=%— (x—xG)g

X 0D HLALE - (3 &5 T8 < LT H R O

MEKBEHOMERNT (2 1L.4)%5%kbT ERRENT B,

Fy (x,) = Fyo cos (wet + €py )

= Fyc cos wet — Fyg sin wet ------ (215)

FVC' FVS ‘im@; 5 ‘C:éfﬁé néo

FVC} 2,7 Z ’ -2 ’ z
—roctan {fp - oenn{ )+ ()
Fys 2z Y g bz z Czz zs

~we? a'z,,{z:} — We by, _zi}+ c;,{gg}

+ Fvwc} (21.6)

Fuws
tROEHEEICB T 558% Table 2 L4ITRT, MOoBBERME»Ox, $TTH 2,
(3) MWEEFE—S ¥}
TEONEx =x, KHCMBERMBTE —* Y P My (xDRKATHEZ 505,

. X
My (x,) = I(%'z's—d(f; ) (x=x)dx e (217)
la :

MEESHOMREROTM,y (x,)2FRDLTLRAENLS,
My (x;) = Myo cos{wet + eyy)

= Myc cos et —Myg sin wet  -+eree-e (2.1.8)

-6 -



Myc My @D IS IKEEINE,

Mo b= wet gy {26} —we B { T2} +Ca {3)
~wet Age {06} —we Bos {7 Jrca { G}

+ {%A’IVWC} (21.9)

VWS

FROKEEICBY HEK% Table 2. 1.5 1R T, MaHHEHE» Ox, 2TTH 5o
2.1.5 BHHEREE
BT~ ERC L 2B B OR MY » 7o 5 4 TFn=0275, &M X =0 GBOE) XU
180° ()W) I DWW T ORGES) 5 L SRR EOFHEMER LT FIORT,
8, CCTRTHESER D, ITTCOHKHE SN LB O RIS EF TSN L 728 EB ORR%EE
MLcdbDTH 5,
(1) # E #H
Fig21.4~217x=0° 180°DIBA0 TR, IS0 TERETTH, 1 =0° THEHORIE,
WAL b EBBOED L, ¥y =180°Til, BEDLC -7, wyL/g=22 ##T0.S.M & N.S.M.OatHE
OB EZEBBRERADONL D, TOFRTETIRIERD, fIHLLL—HL TS,
(2)  #toyr B UMM TE— 2 Y b
Fig 21.8~2 L11IcFn= 0275, x=0° 180°D#A& D midships LUSS 7% CE 2 #GK O
HERERT o
Fig 2. 1.12~ 2 1.13i¢ midship &4 2 fdhvf € — 4 ~ b O HEERERT .
CNOOHERBCRHAEEDOEMCIAZE N BE SR LIS, oD DRKNOFMICOOTE, KIT
BT 5, 158, STEFMEZEZ2HEI—BELLON, £2O0FRERE, HPONSMOFIHKED 7,

22 FHESEROLE
2.2.1 EMHWBILEHEEX
1) EHHEE DT
HEHR, (MR, OMWEROHBEEESER (ko) OFHRHE, (CRBIRIEL (A OFHRE, (AW

AR OF B, (e)end —effect term O, FTENERIDICL s THRAOBHEDHD 25,

(a) Bz AEEOLONTHNE L0, OSM, NSM, STFM O 38 TH b, CDHH, STEM#5Strip kD
M & LT, BORHTHD, NSM, OSM @WiRs o diffraction 5 4 O FICERE ATV 5, L
p L, ¢ OEBEEEOBIC, WEDEBREE - TAN IR TE 0T, #ICE SRR 56
i, BRI, RIRMEMNIE AR T diff raction K& # 4 S TF MICIE ~TENRIBRTE, # B CR »
CIEHRFNBHL,

(b) Hmﬂ%wﬁ%ﬁm%%%ﬂ(k4)®%ﬁﬁ:Lﬁ@NSM.OSM;STFMuwfn%Snm&T&D.m
Kk OF RN B AL 10, STEMMITOKks & A ZFHE LTS, kg & An ZFTRT 7201,
“WiHAELA AT x—LTHEHDL, Mk (0), HERKE (He) &&d (=mwerdg) £&ilMETD
s 0, B 1EGHK Y v RY o LD omg T onTES (0. 1=Ed<6.0) COXRTAN—INT S
5 — 2 OFHA TR, TOOUHADERERE, Ursell— MAHE TR LTS, Co0kd o OB TR
LTh, SFERA/NETHELEERONL, AN, Hy&a X DOTEMER s, fdit20Ti}, L

_7_
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WOt stck Hic, &M & DOM4 OB s+ ot WS, NN (VSF) cftthde—x » b
(VBM) OHFEMRRIAE IS0, coBanldld, 01UTT, CoRO@EEATH 5, £d<01
TOk, DsIFEIE, BiEUrsell - HFAMEIC L OFFET 25k &, EUR LM S5 EE, @ ohosEic s
PEIRES5H B0, HATIHFEEICL >TVSF EVBMOARERRIKEOH T AT & 08, YRFHE 0
Do LTk, DEVEHEATINI LT A, Table 22 LIKRT LHIC, BXE, 4D0OHEMNS B LD
foo TOIHEDHEEDENTE, Ed=0 TTRITMBE L Tky EROEHDELTHEDTEd =D TII, ky
—oo 13D, RBDHELED SO D K D CHRHEDE S 0I5 5,

(¢) Ay OFEHE CAL 120 Th, Ursell ~BXEICLOBENTET 286 &, Ursell — k% - THIC
I NTOAEPOHME T 2BA02@E b, X, BHEOHAIE, WINEICHERONE8H 5, Wik
BNSMT, £d 630U WHEITE, WIEICK DB R ICE R TS 5, VBMAZFIITE 5T, #HE
ONGEIC X 2FHMER OMEE, 2.25@8THL 5,

(d) WA R OFRBE WEERE, T —F2 Vo7l BERIEREA R 2BICLETH 5, WK
TERBT LTI, WBER, n YT A — g AT p—s (0 =280 &, BRAHERSEDNTHE,
o 7= F7 Vo hest By a8as, FRNRBETETAEE LT, B—0XRTEEE >0EE o
o, WEE, W—ORRBLEML - T 5,

(e) end effect term @ FMIE, 22506 THB~NLH, SFHOML TH % SR 108 MMIC D TIZ, end effect
term OFH#IL, FEMLRICEBEATEMELSZ 11,

2) BB & E Rk
FIRHECHEHSR EOBMERN 2100, ERHHEAR 0 7742 B LT A8, K40 7o s7

LICL LA EMREIHEH D, T oER MR L, O, LXK OFEHAERET L0, HERMGE-T

Wi 7S A K BETEASROMIC, Ficic, BIOHEERICE ST 007 LA ERL, I K AERAER

bHOETHLEE -l L H 5, SMBBIE T HEIL% Table 2.2.2 IR T,

2.2.2 MBIMHOHEHR
) EE &4

(a) Wr W----S.S. TY

(b} M -+ Fn= 0, 0275

(¢} W5 <--- y=0°(following sea), 180°Chead sea)

(2) FHHEBIC K BEFRAE S O Wig
Fn=007T, y=0°4C2uwTi3, Fig 2.2.1(a), Fn=0.0 T y=180° K2 TiZ, Fig 2. 2. 1(b)iKFT+EERE

ZRLT S, Fn=0008&1Cid, OSM ENSMETE, RN BAE—EEI2OT, cno0O28D7 5 7
Tid, OSMENSM EERAIETIRE L. 1D T 7 7TWEEHMLEZR LTS, Fn=0275T, y=0° K>

WTiE, Fig 2.2 10(¢), (dy Fn=10275Ty=180° K2\ Ti3, Fig 2.2 1(e), (flitk 2, NSM&EOSM&E T

Bleos 5 7 CETEHREAIR LTS,

(3) E—BEBIIC & A SA R O g
F—HEiIcks, NSMOABEEBE) BLXUOSM(ABEBHIDAEHIO T s 5 Lt KBRS

Fig 2 2 20Rd, (BB, HRLZDODRON v INEBF Kk, DFFEEERT)

AEROT 07 L3, BAERSGOANE, NEREORIKOESTRE—THY, MHRNLHEIFREK

HELOARL R, €T, CORELD, CHL2 2OLBERLIAHEKRDOEBODRFEH B ENTE
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Table 2.2.1 Calculation Methods for k,
Method Contents
{a) Ursells approximation ; 0<&d <a (a=001~01)
A (b) Cubic power expansion; a <fd < 0.1 ( do )
{c) Interpolation in table ; 015 &4
(a) Direct calculation - 0<&Ed <01
5 (b) Direct calculation or Interpolation in table ; 0.1=&d
Interpolation in table as follows
¢ Ed=0.1x10" 0.1 x 1078 - 14, L6, e 4.0, 50 (by direct calculation)
(a) Exterpolation outside table ; 0< &d < 0.1
P (b) Interpolation in table 01 &4

> . S N . 1
Ursell’s approximation k4= —”—g[fog &y + bog (1+He Y — 0.23 ]

Table 2. 2.2 Orgamzations and Calculation Methods

: Calculation Method End Effect
Organization Theory Hull
for kau Term
H & # & @& N KK STFM C
it B LR | DA T
Aokl W & NK | (CSM)
Aaififts—1 | SRI — 1 )&
o oE L ¥ ER KHI NSM
b5 @ F7F 86 1 IR DA 2 parameter
ARk Ege k-1 | SRLI -1 Lewis form
= & # OB MES B
L R TN A N YNU
(AT PR B 2N SHI
B K # H MR N KK C
(SR N ] DA
S N T F N K
DU s W= ) KHI A
KE LW RA | NRIE
S [ i MHI OSM
/R L R SSK
B # 7% L WER Th DA
mangiorsr -0 | SR1 -1 B
= H & Mo ME S
A N B R B IR TSGR I HI 3
B o3 & M R HZ D

SR1 has two different programs

¥ —>with e f t.
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Vertical Shearing Force by an Organization (D. A.)

Fig. 2.2.2

2.2.3 MEITFTE—X v FOHEHRE
1) BB &M
{a) ¥ T ---- midship
(b) # & ---- Fn=0275
(¢) #J5E ---- x = 0°(follosing sea)
(2) S HEIC X BRI O iz
e (NSMor OSMO KDV T 2y, k,DHFEICDNT2MY (Atfhor BE), G400 DT
EBERELENAZ 2 1D 5 71 LT, Fig 2.2 3(@)~)IKRT . k DEFETCHEEDIEICES b OE, &
BERBLENOT, CCTRENET, 2258Z0DHT, THIKODNTENE T EKT %,
() F—HER i & A EEELES S D LL
B— I ANSM (AKERE) BLUTOSM(ABEBHE) O 4O 70 7 Ll & HEHEMEE
Fig 2.2 41HRd, CORRICE O, MR & Fk) REGHTEOMIZIC K 23 AR OMEDOHFEMH L &
WMTE 3,

\

(4) OSM, NSM, STFM @i it2 1T
VAW D= MY o b D OFAGES) O M %
=S (g +ihy) weerrem (2.1.10)
EVIEEART T A TH L, CNIKXZMARRIN LD NE B &L — 4 OSfRKICLD,

b= _p(g%_,vgz) D oo (2.1.11)
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KL 5Tk, CRAER Y 5 FORMICHT > TH S LTc b DEBRKD & T 5,

WEE T,
é13_2‘+xﬁ.—\]0+5w .........
THoH0 5, WAL EOT N E,
p_I:‘ i a_‘(QSZ
0 V{Q)eaX<XgDAZ)+V ax }0

0

+ {wengAz + V§051'*’V—6'X_(X(Psz) -

+{c£ Paz ~ XSDSZ}é

v{o)e(p +V.—SO—6 52 }Z
AZ ax
+ @522
-V O¢w Cw
Ox
(wgn +v I
AZ ax W
L YO

v?
we

00 4,

ox

JX

Vertical Bending Moment by an Organization (D. A.)

Fig. 2 2.4

(2.1.12)
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Eh, TNODENANTTORK K > TR 23 0d 2 Y » 71 < radiation force KT diffraction
force pisk %, €S

N.
pj¢szdy: —0S5y pJ.%zdy:pwe‘ -------- | (2.114)
THHEAEWTHE, ALY o 7REHARIRRROL SIS
dFz _ y ..
T dx p{—wez NZ+XSZ} 7}
0 V2 OONy
+IO{XNZVVSZ— a (xS;) - ol —ax }0
a9 S
+p{ Vg (xN)+V26 }6
.o a
- 052 -,O{NZ—V z 7
_ @ 0N, 0S, . ..
pvw—evﬁx §w~+ p{NZ‘V—ax }Cw+ 0S, Ly v (211

OSMENSM & DF DL, e EFHFLLHEIEY, OSMTRINS DTS, W5, HiEHEES
e ON 0
e:Lrlﬂnaﬁn&v&ﬁm)xmﬁrﬁm%{t.a—xz » Ay (XN AGUHEHSOSMITIE <, NSMICH 5,
Table 2. 1.4 ONSM DFRIIT e~ R ULEEBENTH 4, HOMBHHOHE G, ¥iEOdiff raction

force ™, iz, radiation force MW TiTH N5 835, OSM, NSM & & i, SE IR LTE,

*
Cw: CaCICZCOS(kX"(J)et) ............ (2116)
LT, C, = sin (kyysin x ) / (kyy sin x) X7
= 10 vI:nn,n—_—O'I,Z......
CZ: e—-kad

EMNTVD, MBEORIE (a %, WMEKHOMXMMK od, T 2o 3MEOIMAHREICE T 5 sub —surface D
FIE THRE L, MY RN 0 C ORIG ToHr2 i 2Rl we TLETH L7 & & 0 radiation force % diffraction
force & LTV %, ‘

STFM iz, MEAFEROALOFTOFHEBIZNSM &F L:T&sé&) Rt o HE O S B diffraction
force OEFHEBNSM & > TS,

H)' 5, #dorbital motion KX 2MAD 2 b » 7 Eb 0 OFKIE %, radiation potential @5, Pa %
T

O = S (g5 +igh) (2117

THTECAHE, (21100 REMBETHONSMERLTH L0, AR Lo s2—E (xo vy 2) KET
Bk & DRFEIES & LTorbital motion i€ &5 & D%

ik’.;(—iy sinx—kz -iwet

éw:— (n+msin x) (o, "7 T T T e (2.1.18)

ELT, cnd (211D RA, RoEHOR, (211D RITRA L, AR b Y » FORIICH > TR LT
diffraction force K& 5% -

) STFM Tt ol oTOfRE b, %@;&HE/‘J&UDNS R bR T d, 15, Cyzy Cops
Cao iC,s‘iTLélﬂtDazz,a”. dgg DI we? TH-tfmE LT i T b,




Mx, LT#exLTid, STFM T,

*
ikx

fz (x) = pwe Le”””‘e”‘[n+msmx1<¢;+4¢z>de --------- (2.1.19)

%%, NSMTH, y=0, 2=0d T 207,

f2 (x) pmﬂﬁLehd[mﬂwnﬂnrl(¢u+i¢uﬁw
= 0 fein (pey+idy)de

% ’ ¥
_ pwelkx ¢y [iNz+Sz] ......... : (2. 1.20)

THbo
STFRBG LG, ¢y ODFHEICONTE, NMEFELIL, AMANE S v 4 27 + —£THAML, TOAK
12042 THEM L (2 119) KOBEREET 572,

& % X ik
1) SRI08HIEMS ; SEEMMONEP ICE T 2EERICHT 2 AREE, BAERI B2, HHFER No
110 (1970 ), Na 125 (1971), No.143 (1972)
2) SRISMIESMS ; BE k3 v 7 FMOMGYE T 2MEERES, N 157 (1972), Ne171 (1973 ), Na188
(1974), N211 (1975)
3) SRIGIFFZEIMS o Ml OB AT S KR Ol B MBI T I 3 2617, A ARSHTRIBRERES07S, (1979)
4) ITTC Seakeeping Committee Report, Appendix II, Seakeeping Definitions and Nomenclature,
Proceedings of 10th ITTC (1963), pp.220
5) SAME, RHEH ERPREEHOEMIELE, BASREB 2EMIMECHT L YRITLTE X
(1977), pp 109
6) MF @, SAXNTE ; BN DOGENA MKUHEE, AAERES Bty RIT L (% 1E)
FE AL, (1969)
7Y AMREHEE | ETFIEME , MHE AN AT ORI T A IREHIICON T, RASERESHXE, B 1325,
(1972), pp137 |
2.2.4 BRRHEOMSYOLE
RN 5 L ORI £ — 2 ¥ PO ERRE EEMICHET 241K, CHOOMEERRAIBIIHLTEO
B AT 15 » 720 ‘
(1) & 5Tt
MR 53 AR H B X OMMT € — 4 Y PERKO IS ICED T,
Py = (m+a, )z +byys+cpztagld thy,0+ ¢, 0
+ Fecos c.u.et +.FS sinwet | » 2 190
My= (j+an)0+bge0+ceel tas0z +byoz+tcypz
+ M cos et + Mgsin@et .
ML, m&BLU|IMEE (x=£,)00F LTINS (x=x,) FTOHE, BLUHBI X €®—
AVETHD, MARDHEEEW L L LETNELRKTEADIN S,



&
oa\i

: (2122

(x—Xgo) (x—xgJdx

J-X
(216), (219)RTlm+a, BLU) +ag®EnEtlas,. Ay LFDH LT Do 7ol e,
CNODRAE MEEE R CEH0T, CCTRENEEKT 5, $HOKER Table 2.2 310 L »TH
waefk Lo

spEgb i, Fo=0, 0.2758 XX =0°, 180°D&EE 4 ¥—=x L7, Fig225~Fig2221iid Cn
LD ETHROELDEOKRENF,=0.275,1 = 0°DEED0A%ERT,

Table 2. 2.3 Non— Dimensional Expression of the Coefficients

L_I__ alz bZZ GZ an bez Ce! FC- FS . F\/
A Qza b Cez _Qe: bez Ce Fo Fs Fv
> i P psoe|2e pelr | PL pges(3¥ | The i} | pa¢ I | PSS | PILLE
E < Qoo bee  Cos Qoo | bes Cro Me M M.,
m aw boe . Coe A-O?e“. bz.a ng M Ms ; M.
> fU | e el PLe | P pal | PRl | PELL | FRSLLB

IR HDMIE, RENEEE > THELORTOBMERL, T OoRM»oANS & DA ICIR DS % Al v

THbD U,
0. S. M. N. S. M.
Organization | Symbol | Organization | Symbol

NRIF L YNU O
DA A SRI A
MES B NK O
MHI 2 SHI &
KH 1 X

[ HI +

| L

(2)  FEDYWr A DL 53
Fig2 2.5~Fig 2 2 \2CH BIM /) OB O Wk 27T o 1L Cpp ORI Lo
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near field T diffraction wave %
¢Deiwct: ¢D/e—ikx+iwu (342)

EL, doize M RRILL, x FARW - DIEILT B ERET %,
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Table, 4. 1. 1 Principal

( Model scale 1,58 33)

Particulars and Tested Conditions

[tem Experimental Cond.
Lpp 3.00 m
B 0.435 m
0 0.264 m
d 0.163 m
Displacement (4) 121.6 Xg
Appendage bilge keel,rudder
4G 4.25 cm aft
KG 16.38 cm
GM 1.65 - cm
Kyy/Lpp 0.237
Kxx/B
Roll period 2.23  sec.
Roll damping coeff.
" Fn = 0.275 x =.0.159
Fn = 0.20 k = 0.162
FORE PART
Displacement £8.55 Ka
8Gp 56.85 cm
KGg 16.09 cm
Weight distribution
(Mass moment about B )
Ist 3.395 Kg sec?
2nd 2.803 Kgmsec?
AFT PART
Displacement 62.95 Kg
8G, 61.10 am
KGy 16.65 cm
Weight distribution
(Mass moment about B )
Ist 3.921 Kg sec?
. 2nd 3.463 Kgmsec?
GUIDANCE SYSTEM |
Sub-carriage weight(gy) 18.25 Kg
Spring constant (@y=0.15 3 )
sway {cy) 2.97 Kg/m
yaw (cy) ~0:19  Kom/deg
heave 15.5 Xg/m
Table. 4. 1.2 Experimental Condition of the Guidance System
Fn Surge Sway Heave Yaw
0.20 Fixed Spring supported | Spring supported | Spring supported
0.275 Fixed Spring supported Free Fixed
L 0% 180° v
Fixed/Spring supported
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Table 4. 2. 1

Principal Dimension

and Experimental Condition

1TEMS Ship Model
Length (p.p.) 175.00 m 2.000 m
Breadth 25.40 m 0.290 m
Depth 15.40 m 0.176 m
Draft 9.50 m 0.1088 m
Displacement 24742 ton 36.14 Kg
Block Coefficient 0.5716 0.5716
C.G. from Keel 9.50 m 0.1088 m
C.G.from Midship -2,48 m -0.0028 m
Longi. Gyradius 42.00m (0.24Lpp) ] 0.48 m (0.24Lpp)
Trim 0 0
Scale 1 1/87.5
Nat. Period {Heave 7.52 sec 0.803 sec
in Vater Pitch 7.86 sec 0.842 sec
Separated Parts of Model
. C.G .
Weight (foiéoT) @ Longi. Cyradius
fore 17.38 Kg 0.3872 m 0.262 m (0.131 Lpp)
aft 18.76 Xg -0.4128 m 0.271 m (0.136 Lpp)
Table 4. 2. 2 Representation of Calculation Methods,
(1) N(0) New Strip Method (Original)
(2) N(A) N.S.M. with 3dim. correction on Added
Mass only
(3) N(A.D.) N.S.M. with 3dim. correction on Added
U Mass and Damping Coefficient
(4) | N(O)+Diff (v) N(0O)}) , MIZOGUCHI'S METHOD for Diffraction
force is applied
(5) N(A) +Diff (w) N(a) , MIZOGUCHI'S METHOD for Diffraction
force is applide
. N(A.D.) , MIZOGUCHI'S METHOD for
(6) | N(AD)+Diff (w) Diffraction force is applied
(7) 0(0) Ordinary Strip Method (Original)
(8) o(a) 0.5.M. with 3D-COR. on My only
(9) O(A.D) 0.S.M. with 3D-COR. on My & Ny
(10)] +E(W.EX.) used for the calculation of Fv , My
(11) FK added mass and damping are made zero both
. in Radiation and Diffraction forces
Table 4.2.3 Representation of Experimental Results,
d REGULAR Yokohama National
OOVAO| T.w.w. University
(D ® ] REGULAR Sumitomo leavy
- Industries ,LTD
jO] T.W.W. (Hiratsuka laboratory)

._85 —
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VERTICAL BENDING Mt. at Midship
(Double Amplitude)

Measured Value Expected Value

no. of peak=230 calculated from Spectrum
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H;,3=0.803 [Kg-m] 4.004/meo =0.733 [Kg-m]

Hy/10=1.048 [Kg-m] 5.092vmeg =0,932 [Kg-m])

_ﬂmax=1-434 (Kg-m] Hy,230=1.313 [Kg-m]
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Tp, =3.30 [sec] Ty =3,40 [sec]
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(%) < — Rayleigh Dist.
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~
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VERTICAL SHEARING FORCE at Midship
{Double Amplitude)

Mcasured Value Expected Value
no. of peak=180 calculated from Spectrum
q =0.445 [Kg] 2.505vme, =0.478 ([Kg]
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Hi1/10=0.899 [Kgl 5.092v/mey; =0.973 [Kg]
Hmax =1.200 [Kg] H]/}gc. =1.344 [Kg]
Tz =4.33 [sec] Tya =3.96 [sec]
Tp =3.94 [sec] Tgy =2.87 [sec]
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Fig.4.2.13 Double Amplitude Extreme Value Distribution of V.B M. and V.S.F,



RESPONSE IN IRREGULAR WAVS (long crested waves)
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Fig. 4. 2. 14 Short Term Prediction of
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Lateral Sheoring Force at Midship
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Fig.6.3.1 Lateral Shearing Force at Midship

(Bow Sea)

Lateral Bending Mt. at Midship
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Fig.6.3.2 Lateral Shearing Force at Midship

(Quartering Sea)
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Fig.6.3.3 Lateral Bending Moment at Midship
(Bow Sea )

Fn=0.275
X = 60°
SSI:
Z 4
002 2 ngg”
@ s3°guBE
':) ES@“AAA_\
o Ogaﬁﬂ“‘!
ey '¢§Q§gaoa
p ,g's 009923
=z 259,79
001} 3300
I @ggg“
u!§g§3
.uuls gs
o
g
180°- g
90+
Eme
C
_900’ ;@u@iﬁ?in,““ A58
i eeo9@@0930962222332323533;;;
-180°t
Fig.6.3.4 Lateral Bending Moment at Midship

(Quartering Sea)

—105 ~



Torsional Mt at Midship

Torsional Mt. at Midship Fn:0.275 ]
Ny Fn=0.275 0.0015- X =60° 2. s
[ae] - o ¢ n ui a
~ X =150 A a Sa,
- N "L taa
S ® 2 4 *a
< o - IR s
= S X LI dccndqni?l
- < PO
= [ o i -
0.0010 0.0010 >3 AN ‘ &A-\Zn“d zoéé
& %1
s :sgésn“’
A A s Poygsa® . ¢ i
& ﬁﬁiﬁA R » ¥
4u .\aéfs R 3 ® ¢
0.0005- R ‘:;’%?'g:’;'&?; 0.0005F H ° 9
2 12, 588853, @ g a 2
ngeeg s*q g .. 4 ©
q Xy éé F z - . ) 4 3
2% xgTe gg H . L 2 po22002
B P X P EY . ?
2 ng %"@84099”[’“0 x §A . S¥3%8 0®
A . —§§&é§ﬁ§§5p° 0030 ;s,k-:gggg; 2.0 0?°
oL izdessaasiie , . o Ls3824§395°5583308 50 1
= ——
| 2 3 wi/g 4 | 2 3 wyL/g 4
o_ 180°
180 a o‘i“! gsaéamaiwéi ftasa.xzmaaEYlaese
90°L ", 3903955 * 90°- :aat;QAA‘
Roaady 85 a
Emb iy éggA 6Mb “5;5 ﬁ?aeaagomozgfg
> a a Ve ol 11
ucl AA.\A_—,AA_\Ag;e:::n' O;g'gixgigiifz;"
° n”-ﬂnu-““‘ ° A“Aax. @33
-90°% °°92905,, -90°F eees 823, |
Aapag
fa & ‘21:3:}5 a
-1goe- ° s ¢ -180°- 3 bl
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Table 6.3.1 Notation Used to Represent the Results of Organizations
No Organization | Symbol No. | Organization | Symbol
1 HELSINKI 0 15 SSK d
2 AMTE (H) Ja) 16 DELFT <o
3| ----- 17 CETENA d
4 SRI (JAPAN) %) 18 IHI ®
5 HSVA v 19 DREA +
6 MMB * 20 TRONDHEIM X
7 ou O 21 KRYLOV X
8 MES A 22 NSMB b
9 HSE X 23 ROSTOCK D
10 KHI Y 24 CHSEI
11 DTNSRDC s 25 CSSRC @+
12 FBL O 26 SHT Q
13 NKK v 27 IRCN BN
14 MHI S 28 SNU o

Fxperiment

: @ by SRI and () by SHI
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a) i@ 22 1{(UTk~XAX S, OSM, NSM, STFM O 3EM sl EHLNL T 5,

(b) MR OFBE @ 2.2 L THR NIz E DI, v A A7 3 —& SHFRAMNEO 2B EON TS,

(¢) end effect term OEM : end effect term KDV T, WMERBRFERERI 20 ThH, MEBHE L EIHIK
DVTRALTH 50T, 225 B 0HKREEET S,

() BT CRMAREXZEMAE) © N0 LMy £ — 2 v b2, EHEEEER TIHET 2R Lp
EREEERATHET K'Y to 2 @S5,

o) EWHTOKGIOME : RO ET—A Y IOHETHE, EHETKGINVETH 205, ZHIMOKGI OB E
i3, MADKGER—ERBTHEE, SWHROBREZR L TCENAGICEZ S LLO2EMb L5, BF
2, KCioHEESEE LW HHMH THEOH ESERAE NT 5,

(f) BREHITOGMI DME @ TNICR SEHOFESD 5, A5,

(i) MEAOGCGMEEME OGMi LT 2458 (FHHETGMiBdR—)

(i) SWHEBIC, £OMETOTKMI 25, ZOKTTOKGIZZELFIWTR L0256 MiEKE S Hik (KK

TCMidR15), _

(8) MEANEHOFHEE REANOHEIE, Usell-BXOARCIOBEEHET stk s, BiKfizn T
AR OMMTAHELO 2D B,

1.1.2 BmMARBLHREE
HE S HEAR LOMBAERNZ 0, BERWEY 077 25MA LTOARBNE2 DT 077 A RKED

HEBREZHHED, cnoxlbii Uiz, €08, S0 OHEMZILET 57109, %ﬂéibfo{iq'cwf: Fas
5 LR E BHEHKEOMIT, Froil, MOHBHRIKE ST r 7 2L, CRICK LA/ L H DR T

LA - BE L H L. BN EE LA Table 7. 1.1 1K"d,

7.1.3 HERER

1) stHER#H
{a) ft - Fo=0.275

P ) .. ANO /a4 ie o aaa N

) il EmLa
() i, MdldE—A v b, O E—4 Y rO WL,/ 9 = 1.0~4 0icatd 4 midship T 045 & 14
il
i) MBI, BT = — 4~ b, B0 € —2 v b oy L g = 3.0 T o350 MBS 1 91
(2)  FHELREH o JhEx
BN IC DO T, o —20WBEREE Fig 7.1 La)g, X, EEMBOMEIIE Fig. 7. 1 1 (b) IR
T,
Bl & —4 v FicD 0T, o N—Z2DEEBEAE Fig. 7.1 2()i, X, BEEKROMESB 3 4, Fig. 7
L 2(b)oRT,
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ROE—A VY PDOT, WX —ZOBEBBEFiIg, 7.1 3{)ic, X, GEBBOMEIT N9 %E Fig.7.1.3
(bJ#CRY o
1%, MHEEKDOTE, B1I0E [TTC TR SNKLERKME -TZ 7 7HEREIN T 5B,
X, MHT 3, KO3 EREORIBARER Yy 2 ML T 5,
v=N/AIR =0.172 at w/L/% =22 and 2¢, /L= 1,50
3} FEERICH T 5B
(a) K& OYHT I
K, NSM/OSM TMAEBEEBEEZO /v —7E, STEO 7/ v—74&, TOMD I —F L0, 553
DD =TI S B,
(b) HEdiFE —x b
Kig, NSM,/OSM THMABLEBEZD 7 v —7F &, HHIBEEZEZT end effect term DT L —
TE, DO =T L, BE IO -TKYTEND,
{c) Talbxe—x vt
Kig, EWIMTCMIDSEED 7 =7, —EOI L =T & S, 02 HEMTR, ISEHB OK X
FRBBITRL L, Us, BEEKOMESMSA T, IHIBEETH A0, 3, SHiNTOKGI o3
A b LRI D BFEINTHZ LRI NG,

Table 7.1.1 Organizations and Calculation Methods

Organization Symbol | Theory | Hull End clfect %“;;{g%“a‘e KGi | GMi | Hydrodynamic
= HE L ¥ W MHI|—%¥— |STFM ' O @) O O
B A # % B NKK—O— | ~ O O
” v e O O O
= H# & M EH| MES|I—O— O
i O R NSM | 2parameter
A ERM T SH]L [—S — Lewis form O O
H A& S NK =35k — | o) ] O
” ’” ok /|
s B OL ¥ @R KHI|— +—
ANBBSE IR LHTI|—A— OsSM O O O
ERAEETE WSS Kl—v— O
= 9 & M WM MES|- @
I N TU |— x — Singuiarity O O O
” vl x e \ (rir%t ]185t10n O O O O
Remarks
End effect term O with e f.t, no mark — without e.[.t

> Co-ordinate system : (O — fixed on ship,no mark — fixed on space
< KGi, GMi : O — variable in each section, no mark — constant in each section
> Hydrodynamic coefficients :O— by direct calculation ,no mark— by interpolation in table

- CSM,'Consistent Strip Method' developed by NK® (=NSM)
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1.2 BRERBRT -9L0lhEy
T, EAMMOImBR EROTITE LK ERMEREZBP O AR S L TR BBHEHE,
end effect term X LONSMTH 3,
7.2.1 EBKE
HAREMOFERBIURBRRER, AL IHTHENRELRA U TH S, MEBFER, F,=020, B
X =150°,120°, 90°, 60°, 30° OHEICDOTHA L1z,
1.2.2 #EAED, BAITE—x v bOkE
A BT I OB C IRIRTT E OHEEE B, 0K, MAKEHSML TH L L LT, BHBEEEER TOMTE, &
WEERD T, FiB - BE @, KA ERATICEET 2 AN, BlT € —4 ¥ FiconTi, Mk
AEEERTOME LT, HESNENETHSELT, ZORBELER LIz, & ARREKOEIMEESERTO
BB EOHERIC, BEABEICIZBERAMATKEND, MMAEEEE R T OB EOKRDEHE OF
PHEETHELENZ B,
—J, BEOKEER TR, BRMEIRAEBEEDOT—F -2 I ->THAINADT, TOLH HEFHERLR
2, HEMEEOBART AL LB/ ENG, 2T, COFHECIAMEB EEBER L4 BE L,
Fig. 7.2 1, 7.2 2KkKEE#AN? (LSF), #iide—4 vt (LBM)DRERME L ETMOKELE 1T, X
POHNIRAIRK T D, AR BEKBEPORBRMBETH b, SHEMEAKOFERLRLUE T, LLBEFELER %
EMRTER U, MARLORBRIKEMA LT/ FEBEESOEBEE® L TH S,
ERTRINOIMAECEELRTOREANN, BT e -4 v 13, BB TRINIWROHEBLO bFEE
EZE X DBEYNTHEE LT B, 5 ICKIERIB SR S L 2BIERFABER (RATRT) KB 0 TORMEME,
FRAMBEDOERN L —BECBOTHEINTVILEBYLHLTHS,
7oL, BFMEANT, BEAMNOHEBEINEERICSOT, ERMEEERNK—HLL O, BOED TR
B BOBEPTRAERTH S, Lo LBEMICIE, K EEIEECAN Y, Mildx—4 Y r 2 EBIEET &S
EVALE D,
.23 BOE—XVFORE
BRWEME TOX & + /5,%, SOEBEH G, HRHFOVABINTOLL oo tcd, LLDOBE, DA £
evaESgmid, MAEKOCMIEE LOERELT, LT —# ¥ b SEHE LTI, L LEKETO #
eV HRER, Fig.7. 23 AT X IKMEHHICERICEL LTV,
CNEERLUICEAGLELECESORLYDE —4 YO BEAERM B L TRig. 7. 2.4 1000, ERIE
BOgm AR OEa, Afdgm 8T S THEERTOCMIESE LOERE LA TH L, B OEIMEND
REVCHBHTHICKECLY, 824 EHEE2—FL LAOTHE, EREOCHEDEHEELHBLNC Ebh b,
(REBHEIERBERS)
EREERMBEEARET 2L, HOEBOREPEABRCTRREMIBE —HL T3, SHBONPTHK &5
Tbs0E, COWETORBIATHEOSLERMEICH LTHALE LD EEZON S, L L, ROBOEP TS HN
MIZ@—BLT0ETEMs, RLDE—AY I OERIAREDOHETHETHETHL VAL S,

g % X #

1) FHMHI, BHE— “NBPOMKICGEL INSKESMIN G st € —x Y POFREICOOT ", JLAL
FHE, Wob%k, W25, (1982 3)
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L.S.F.

Fa= 0.20
Y10

— | with Fg
— —— ] without Fg

x107?

_Cux

Fa= 0.20
x=150"

with Ms

without Mg

L.B.M.

180°
90"
" "
v 0"
2 2
% a,
_90‘ .-90.
—~ 180" —a?. ~180°
e =120° s =120°
S} ox= LSF. X ¥=120 L.B.M
6 . -
5
5
(&
180°
v »
H H
S &£
% <%
—or -90°
o]
180" - 180°
L7 - 9 P -
= x= 90 L.S.F. = x= 90 L.B.M.
6
5 2
4 -
4 5
&Y Q

Phase

Fig.7.2.1 LSF & LBM (Fn=0.20, y= 150° 1205 90° )

—-113 -



27 Fe= 0.2 2 Fn=0.20
X i . L.S.F. < -,
R x=60" X =60
sp A7 ; .
with Fg —— | with As
St [= == without £s 2 P withom M,
% o
4
90° o S
@ O\~ o
@ - " —_— ) o
20 o9% 0o 2
o I°) o o o &
RS -
- 180° -180° — ¥
N z e
x r=30 LSF x =30 L.B.M.
st .
s 2} J
. K
«a 3
(&) (]
i3 i
2
1
0
180
90" 90"
s 0 S 3
20 t— = 20
a. o Q A,
. o of
- 90 09, - —90 _ - e
______ S
180" N —180° L 2 L
. _ [ o
Fig.7.2.2 LSF & LBM (Fn=0.20, y= 605 30°)
Water line (m)
14
tietacenter of each section
O 12
Ny
Q / o\o\ o
N i OO "~ Hetacentric height of a ship
\\3__/0 —O\o— e
10
+ t t “+— + —t
AP 1 2 3 4 L 6 7 B g 9 FP
8 \a\
B \\y
Q
L a
-2
-0 Keel

Fig.7.2.3 Metacentric Height Distribution
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3 I'.M.

> 1=150" M

1.0 g = gmix) | ]
. gm o= GM

. Cru

¢ L0V !%"d‘a
2 of> -
a.
g0 o7
—180°
N _ {one
Tpox= T.M.

. Ctm

x 1073

C Ctu

T.M.

2 LT, ° 4

X107

~ Cru

Fa= 0.20
X =60

Phase

—180°

x 1072

. Ctu

0.5

=30
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- 180°

Fig.7.2. 4
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13 HBERNEORBHEEORE

ITTC W&FHETE, BELRBGLETHEOQLD T —4 Y POSKBIKELDCEDL D, TNERWT L1
DEEHRCEBERFEOBMAFDIE T 07 7 41K, TEEOIS B2 DELEEE LI ELRBE TT, €0
RELE U1,

{1l OSM, NSMEUSTFM®DA) YFrtiFos s LicksiE
20 KGOMEIKOLKMIC>OTHEEKOKGo &M UIKT 355, KMICOWTE L EMEBIRICHE L TRk Ti
Wil G MifE %
GMi= KMi —-KGo
&9 5,
(3) &M OIS E, wbWwbclose-fit ETHET 5,
(4) end effect term 24 AKEHE
(5} HEdhf M OB BIMT DR 1T, A QHER SR OMEDINICRIK T 2 BN TN RO € — 2 7 b o5k

BN L > THYAEEBEZE TE Z cmIM R o= — 2 » P2 A 238 (G - B O, f828K),

LEHOBANF LRI TEFICANLEEL, TOM/OLEXRIBICERLLHBAHLI OB LAME, 713 7T
AU E DI, RQRUGIOBELEAHE LAHEE NI EBbh o, HIKINFTTOFHRETREE S NI D 572(5)
DEEEMASCLEICK-T, HEEADHLEOBREBICE T, HEW A ST € — 2 v+ O E@E SRIE - 7
MEGERBELEIKEIIHILHBEIN G,

TLT, MERWEOHRELELTE, #£D0.S. M., N.S.M.,STFMZEZf, RO&HEEERBIKANS D
v, FOEEMNEHRETHLLVA S, AL,

(a) EWEOGMiIKE, EHEMDOTKMir s, KHEHOKGIZZLWEEE > KCIOHEKEE O
WENES DT, MEALEDKGCOBAEM NI LGP L0, IDEMUBRVDE—4 Y POHBEREGMI & L
T, GMi=TKMi - KGiDELFEINETH b,

(b REIMT ), HEthT E —x Y FOHE R, BAEECHANOEEME LTEL, BELENOHME DN IKER
T LB S R BRI T E — A Y MICHREBNAE LD GENMA S NETH b, il & I RHEEE
DFFFICIMAEEBE THRBTELHE T ARESHLINOThH b,

CO2DOHBAXBR LT 077 A2 T, end effect term O, Wik OHEEOWE, &HE
HROMENSTEMRCEGAAEE LMoL, SHRBEITNETNYWRHEETOZOBRELMERKR T 5L
LIz, BL, @ICLTE, $MEOKGIIMKE2EOKGolE2cnFIEH> L E L,

HE, AN o 7HEHECHETLERNEHEFHRERICE L,

MELEDCMBEKGMDMEFRILDT

WA 773 LG L RPBRASHERICE OMANEBRERY, TN ETOT, #AKLECEIDLEHET 2
EHTETKMOEBSHRE >TLE D,

LT AHHS, EHOMKMB MR L3 TOCE > 2T B ANTHEIRE R ECR 2 LSBT TR TK MOME b 5%
MERKZLRZBNBHE, TDELHULGECE, ERMOKGEGCMELEAS LTS, SR TH S TKMERAL
TRHAEGCGMMBERZLERIED, 8-Ty TKM=GM+KG&EWoTOENEIDEHET 52F = v 7BEEDS
VETH 5B, '
COEHUEHEFE LOFEEET S0 ICE, ROFEBELON S,

1) BAKECELS IR I —F -2 90 70h%F BT 250 ICEHRUICHE SO TIE#ICAS LB R e AL

T 5, ENEHOHER, 2534 =200 A X7 4 —LEHOEIUMEEZBCTE X0, FFREOAD

SRZE, 254 =8 4 X7 3 —LWHIKDOOTFHEHE L LHEARAGEROBE LR LA EQIER IR
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(2)

BEALTOZOT, MARRE ~O R AR 3 E O,
RBRAHEATICE L Td, MRICH > Hl O3 P B0 90 EMKSAROTELEGOMEIES LTY
Bk, Mo TG -2 Y bR AEORRE L LLEDT, F2 v/ T oREBSKETHA LG, 5.2

TBER1DYTH B,
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8 HRILIRFTE O % B & B AR O I

8.1 FBHBIDHBEROLE
8.1.1 &MyeLHER

BINKR EEt 54 Table 8 L 1IKRT, 0L, BERZ TN THARBTERERTH D, EFfEOGMI A,
Wil fFic&Z L LT 5,

BE, AROFHELT, KGiRMEFMIK—E (9.52m) & LTH L 05 SHHOEREFZR LT, LORK
#915, BUEOKCGI 2#HET 2RA & LT, RITT THI O#EER 055 50 C 0 EHEUUF O %Ml ORG %
ZOWHOELEANTELTH b, 220, BWARSKOKCEEMHOKGT &T 2 4&0H 1AM, IHL K
RpB2HEUTH 5,

;S 4 -V, (D-a)?

b= o2y, (D-d) S AW E T OMAKET O
KGi:(d—gi’)xTWf—KG— W ik oK R
J"w(d—e’)dx w % strip TOES
AP

AMICDNT, COLHRHEINLLKGID, # i
EAMSf% Fig. 8 11 10RT o A P~S.5.1 K1 0

L]

T, MELKOKG (9.52m) + 1 0mBIKICA - ﬂlB
: R
TVT, BBURKGIRKGIREAWT Etbh b, \\\\‘_34//// ]

K
|
M
6, Upper DK
14| s
<t
s 3
12
('
()]
< 10
- —_
& 8 s
b P
LuJ A
S 6l <
= a
(p)] i
= >
(@]
2| <
0l : B BL
AP 1 2 3 4 00} 6 7 8 9 FP

Fig.8 1.1 KG, KB and TKM for Each Section
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8.1.2

HERE

HEBME OHE ONAFREEAREMNT S &, FRERG, RO3IDOHPBHEKNE TS v —-7hEanTunsbs
Ebinrst, B

{a) OSMXIINSM T end effect term # Y
(b)) OSMXIINSMT end effect term fEL
(¢) STKFM
B O T)DE I 26D, Fig. 8 1.2(a)~ENTRL,(Q)DFHFEIC L 5 DI, Fig.8.1.3 (a) ~
() ICIRT o ()DFHHIC LS b0@, HEMB2OLNEODT, B20EKOHTRT CLITLT, ZOHTR
TRETT,
Table 8 1.1 Organizations and Calculation Methods
Organization Symbol | Theory Hull ItEenrdmeffect SCyoSotredrinnate KGi| GMi I;Iggfrﬂ%}i]gﬁ{mc
=% L % @R MHI || —¥— | STFM O ] o
B &K M & M| NKK|—O— ” O
” ’” <> \ O
= & W BR|MES|--O-- O
7 ” O NSM
R SHIF---S - 2 parameter fixed variable
BoA M 3 S| NK [k s Lewis form on ship in each
” ” — >k —— section
Mol IO ¥ BR|KHI|| —+—
ANEBRBBELZM | | HI|] —A— O O
Pl B2 TR | SSK | —v—| OsM
= JF & # W MES|—O—
ANEBFBETHWM | | HI || —A— / O O O
wOE K | TU|—x— | demethon O | O

Remarks

- End effect term :

- KGi

O— with e.f.t , no mark — withowt e f.t

: O—variable in each section, no mark — constant in each section

- Hydrodynamic coefficient : O — by direct calculation, no mark — by interpolation in table
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&2 E X
1) #AR
M 2 MMMtk KT 5> v U v o] BAEMYS BM524E12H
2) B, "M
[P B POMAICHER SNAKEH NN EMT E—2 ¥ FOFEHEICDOT)  JLATEE®R BRSTES A
3 B %
THR R B OGBS 5 X ORIBIITT L 19794 CRATD

8.2 & ¥
8.2.1 HBEEZICBTIEE
(1) &k & end effect term OFWICL AR OHEE
OSM X3, NSM T, end effect term ®FE B/, OSMXid, NSMTend effect term O Gk,
STFM (end effect term OEBEES L BOES) O, AHABEFOTECIIFEZREA4EREE LD
% Fig. 8 2 1@ ~(fIKRT, b oROF o5,
(a) end effect term

OSMXIZNSM Ti2 end effect term OFHICL D, KWBHEOHFMEI, @3 >3DLFNTVLY, £
DEREH/NSC, BRTECELTEXD, STEMIZDOTE, HEREDEV, end effect term @
BRICK O, BRATEOFEMRICI, FEREIEZALT L,

L L, SEcxL T, end effect term OEBRB|ETEHONL I THS, SR108 2T DOFD
BRSO B & BEAME A HEE LT Fig.8 2 2KART, chick s, end effect termDH 5 3%
0P 05, BB L VEATR LT 5, COBRERSE, end effect term OF 54 L0 ABEID X
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Fig 8.2 2 End Effect Term and Lateral Ship Motions
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Table 8.2.1

Wave Induced Stress!

HTEETH
B " LxBxDxd -9, 8¢ 4 il %-Eyg izl el n%en n &
ay Ty Cw 9, gy a 3 Ty Th
1 i B K 168x 26.5%14.2x 104 31,930 16.7 73 (182 357 234 MS
T avyF - 175%252x15.3x9.72 25,500 8.0 5.8 5.5 - 91 11.3 08 21 MS
3 i 200% 290x16.3x10.5 36,196 124 38 5.5 - 124 14.1 - - HT
4 ” 204x31.2x189x11.2 41,900 1.4 1.5 80 - 1.9 159 1.4 35 MS
S L4 215%x322x190x11.0 43,800 127 6.1 5.2 - 129 15.0 14 3.0 MS
6 - 242x 322x195x11.7 53.600 128 6.7 63 - 131 15.8 1.4 29 MS
7 LPG 215% 34.8x232x1L.5 67.400 11.8 16 - - - (14.0) 34 1.8 MS
8 B/ C 192x 30.8x 15.7x 115 58,200 126 47 10.1 13.7 16.8 - - HT
9 - 249%x 396x224x15.6 131,100 11.4 6.6 - - (123 (10.3) 35 23 HT
0| # »n - 205% 305 x158x122 62,501 10.7 6.6 Q.19 1.3 14.0 126 - - MS
11 ~ 213x 320x169x13.0 73.048 114 67 0.15 14 152 133 - - MS
12 ~ 230x 353x180x125 84.551 11.2 6.7 018 14 154 13.1 - - MS
13 L4 246x402x21.8x15.1 122,258 1.5 6.4 0.24 1.5 15.8 13.2 - - MS
14 » 260 43.5%x228x170 160,850 105 13 0.22 1.6 158 129 - - MS
15 - 270x 44.0x25.0%x17.8 180.028 10.7 82 0.08 1.8 16.3 136 - - MS
. 16 b4 281% 46.2x25.0% 17.0 185,744 103 72 0.09 1.6 15.2 127 - - MS
17 - 302x504x24.3%184 234,188 113 16 0.18 16 16.1 137 - - MS
18 - 310x 487x24.5x190 250,536 100 9.1 - 099 14.0 13.6 1.8 1.6 HT
19 ~ 314x% 54.8%26.4x20.5 298,753 11.8 15 0.28 16 16.3 14.0 - - MS
20 L4 318% 56.0x26.4 x20.6 311,197 126 9.7 031 - 144 15.9 43 29 HT
21 4 326x498x23.2x 7.7 244.195 10.0 6.4 0.18 11 13.7 119 - - HT
22 - 330x 545x360x27.0 425676 16 85 0.08 1.6 137 114 - - HT
23 »” 360% 62.0x36.0x 280 546,009 110 111 0.15 1.9 185 15.6 - - MS
G N
1429
1.97¢
COve= 13.7
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On the Theoretical Method for Evaluating Horizontal
Shearing Force and Bending Moment Induced on
a Ship Hull in Sea Waves

Akiji SHINKAI and Jun-ichi FUKUDA

The theoretical methods for evaluating lateral loads induced on a ship hull in sea
waves are examined, including the exact and approximate ones. In the former method,
the horizontal shearing force and bending moment are defined with respect to the
coordinate system fixed on the ship, and in the latter case, those loads are defined
with respect to the coordinate system fixed in space. Numerical calculations have been
made for a large oil tanker and a container ship in order to investigate the accuracy

of the theoretical methods.

1. #& g

M AR A BT I BI 3 2 KRR BTN 7 & X UK
FHRBEFE— X v M, MHAEEEERORFME
BUWEE UTHEINIRETH 20, EROWKBH
HHEA KB TR OEMBRICREN TN,
AETRICOSEREREC LT, BAMD oM AN
HICHE I NI KERRIIN D B X OKERRET €
— 2V FOHEREZBOTVS. &5ic, HRoHE
Rk hid, KREERBIM B K OKERRES € —
AV OHBERRICEOBREDORERA U 2 i
TADIC, KEMERE YT FMAHERER &
LT ZROORBWEICONT, SHEREAIMEE
HREHE, LABECSI IR FPUHES +ER
LT, HEXD HBIKXZ BEORFZ TE->TH

2V,

2. FRALBRAKESFRZEFERHER

HAEDICBWNT, MZELE?, BMER v XY
WETR 0 & L7 hs & — & OFEE & —E O EtET S
MZFE->TMTLTHWE b0 &3 5. Fig. 1 RY

BiFnS64E11 430R 32 IE
* MR RE

&5 e REEEEER & MBI AR A ERT 5.
7, AT ICEES A KTRBIENS L0
KERBEE—2 v bOEAOFEE Fig. 2 TR
TEOILELRTS.

(a) KFBRITNGT S
MEFFOEEOME X OWAE S Wil ic@ KT
HlEl (WEECEEZD ¥y HE) ohild, KRR -
TEZoh 5.

=
eY
<L,

éai-c’-’»: horizontal force induced on a sec-
tion, defined with respect to the ship
coordinate system

—dg)’ci horizontal inertia force induced on
a section, defined with respect to the
ship coordinate system

-d—gj’gl": horizontal hydrodynamic force in-

duced on a section, defined with re-

spect to the ship coordinate system

-136—



+X, +X,x

+y

+Y'n

+2,,Z ,h

Fig. 1 Coordinate system in regular wave

iif;;i horizontal component of the grav-

ity on a section, defined with respect

to the ship coordinate system

ii{;;%”: horizontal component of the buoy-

ancy on a section, defined with re-

spect to the ship coordinate system

ZZT,
A — 2 (54 (x—xdF)eos 0
;_.—E"E{'ﬂ(x—xc){&}
dF ., _ dFy o ‘_15 . 1
R Pt cos § = Frak horizontal

hydrodynamic force induced on a
section, defined with respect to the
space coordinate system

il_:(ﬂ_’_:wsin0'=.w0
dx

dFpy _ —p gssinf =—pgsd
dx

w : sectional weight
g . gravity acceleration

s . sectional area

v

Horizontal Shearing Force Horizontal Bending Moment

+FH

! )

y y *My

Fig. 2 Sign conventions for wave loads

x; : x-coordinate of the ship’s center of

gravity
o : density of sea water
7 =d?q/de, 7. sway
v =d?y/dr, Viyaw
6: roll, {: time

dF,/dx 3, BAALE XM < 24517 o Wik
Th->T, EHEERICX > THEINS.

E-T, MEHM x, OLLEO K ICH) < AKPITH
M, MEORETY ORKNE, $20EKHETYD
EXBcEL EmhEEETE, Klick-TEHL
5h3.

X1

Fu(x)) = — L 7+ (x—xD¥)
| 1%

A.E.

dr, -{—(w—-pgs)ﬁ:ldx — F§(x)+Fs (x)0
(2
=1L,
X1
Fﬁ(xl):JA.E [—%{¥+(x—xo)w}+ %Fﬂdx
€
X1 .
Fs(x) :J (w—pgs)dx @
A.E.

F,(x\): horizontal wave shearing force,
defined with respect to the ship
coordinate system

F%(x)): horizontal wave shearing force’
defined with respect to the space
coordinate system

Fy(x\): still water vertical shearing force

AE. : after end of the ship

LB, FARNZEEHES L 2ol 1 s
FUE LA L BICHEET L LBMH D, (2003 117
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X1
MuGrd=[ [ L li+G—xed) -4

A.E.

—cw—pgsw]cx—xodx

= Mi(xD)+Ms(x)0 G

7272 L,
x1

Mzcxozj [-’;i{%mx—xcm

A.E.
—‘%’}]cx—xodx (6)

x1

Mscxo:—j (w—pgH(x—xDdx (D)

A.E.

Mg(x): horizontal wave bending moment,
defined with respect to the ship
coordinate system

MZ%(x,): horizontal wave bending moment,
defined with respect to the space
coordinate system

M(x,): still water vertical bending moment

COBAICH, HRNERHNEE L TH0% LIS
KU 2IHAE L O RERTILENDS. BIOF 1IH
Bl 5 (6) 0 2 81 8 14 22 I E BE AR 1B 3 5 K B
HiifE—2 v+ TH-T, F2HOEHFEIGH /KD
FEHMSE—2 v M EHEEBEAOHOEORNETS
3. BITHA SN 2 EENTE S HAEEBERICET
HKEERMFE—X Vv THB. RROHER?
BOTREOZKEERETE -2 FELTWEY,
BHCROEMNENETHD.

Plb@Es X Ublic e AEic & » T, MkmEN@m
IwH RS N B K FERBBIND B X CKERRMS € —
AV PEREROETRD LN L.

Fy=Fyocos(wt—cpy)
My = My, cos(wt—eyy)

11ZL,

}(@

F, : horizontal wave shearing force
Fy, : amplitude of horizontal wave shear-
ing force
¢rny - phase angle of horizontal wave
shearing force
My : horizontal wave bending moment
. Mye: amplitude of horizontal wave bend-
ing moment
€yn . phase angle of horizontal wave
bending moment
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Fyo=Fyo/ogLBhy, R;y =Rpz/pgLBH,

Fy=Fy/ogL’B

Ffo = Fi/08LBhy, R}y = Ris/ogLBH,

73 = F/ogL*B

My, = Myo/pgL*Bh,,

Mﬂ =My/ogL’B

M3, = M}/0g L*Bh, ,

M} = M}%/0gl?B
77ZL,

Ryg = Ryn/pgL*BH,

R_fm = R}y/0gL?BH,

Ry, R}y: standard deviations of exact and
approximate horizontal wave
_ shearing forces
Ryy, Riy: standard deviations of exact and
approximate horizontal wave
bending moments
Fy, F§% . exact and approximate horizontal
wave shearing forces predicted
with the exceeding probability
of Q
My, M}: exact and approximate horizontal
wave bending moments predicted
with the exceeding probability of
Q
H : visual average wave height (significant
wave height)
2, =gT%*/ 2z, T: visual average wave
period

0 : average heading angle
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Table 1

Main particulars of an oil tanker and a container ship

Items Oil Tanker Container Ship
Length between Perpendiculars (L) 310, 000 m 175. 000 m
Breadth (B) 48.710m 25.400 m
Depth (D) 24.500 m 15.400 m
Draught (d) 19. 000 m 9.500 m
Displacement (W) 250, 540 t 24,742 t
Block Cocefficient (C,) 0. 852 0.572
Midship Coeflicient (Cy) 0. 995 0., 970
Water Plane Area Coefficient (C,) 0. 903 0.711
Center of Gravity before Midship (x¢) 0.,0331 L —0.0142 L
Center of Gravity below Water Line (2¢) 0. 2879 d, —0.0021 d,
Metacentric Height (GM) 0. 3305 d, 0. 1053 d,
Transverse Gyradius (x7) 0.3231 B 0.33 B
Rolling Period (Tp) 14.00 sec 18.00 sec
TANKER CONTAINER SHIP
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Fig. 3 Longitudinal distributions of still water vertical shearing force
and still water vertical bending moment
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Fig. 4 Amplitudes of roll in regular waves
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Fig. 6 Amplitudes of horizontal wave bending moment at S. S. 5 on
the ships in regular waves
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Fig. 7 Standard deviations of horizontal wave shearing force at S. S.
7 on the ships in short-crested irregular waves
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1. INTRODUCTION

The 15th ITTC Seakeeping Committee initiated comparative
calculations of six degree-of-freedom ship motions and associ-
ated responses, including induced wave loads, and assisted by
participating organizations using their computer programs based
on strip theory. The aim of this study was to identify the
differences in the various strip theories and computation pro-
cedures utilized by the various computer programs, and provide
guidance for improvement if necessary. For verification pur-
poses it was also considered desirable to compare the theoreti-
cal results with model test data, and SRI provided some test
data to the committee.

The S7-175 container ship for F, = 0.275 was chosen for
this purpose, because this ship had been the subject of a com-
prehensive study on seakeeping coordinated by the Shipbuilding
Research Association of Japan since 1969 and a lot of data,
either experimental or theoretical, is available. The speed
was chosen so relatively high that differences between computa-
tions of seakeeping characteristics are most likely arise and
was considered suitable for the present purpose.

The twenty two organizations, plus two more later, parti-
cipated and provided their results to the 15th ITTC Seakeeping
Committee. Full details of the comparative exercise are given
in Section II.9 of the 15th ITTC Seakeeping Committee Report([l]
along with a comparison of the regular wave motion amplitude
and phase results. The comparison showed that the results for
most organizations are in close agreement, with some excep-
tions showing very different tendencies throughout the whole
frequency range.

Due to space limitations, results could not be presented
for regular wave motion related responses and wave 1lnduced
loads, and predictions of irregular wave root mean square (RMS)
values in the 15th ITTC Seakeeping Committee Report.

The 16th ITTC Seakeeping Committee continued with this
study. In addition model tests have been carried out with the
S7-175 by IHI, CSSRC, NKK, SHI and YNU and the results made
available to augment those obtained by SRI. The results of the
study was reported in Section II.12 of the 16th ITTC Seakeeping
Committee [2] and in the written contributions [3][4][5][6].

Again due to space limitations, only selected results could

(1)



be presented in the report. Therefore, the Committee decided
to publish a special report containing all the computed and
model test results and to provide to all the participating
organizations. |

This report is that summarizes the calculation conditions,
the specifications of ship conditions, regular wave responses
for six degree-of-freedom ship motions and associated responses
as well as irregular wave responses. The publication has been
supported by the Shipbuilding Research Association of Japan.

2. INFORMATION FOR COMPARATIVE STUDY OF RESULTS FROM 6-DEGREE-
OF-FREEDOM SHIP MOTION PROGRAMS

A. Details of Test Conditions

(1) Ship Form: The ship form shall be the S7-175 Container
ship form as specified, with the specified weight distri-
bution and bilge keels. Calculations are required for
design draught only. Calculations are to be carried out
both using the specified constant roll damping and also
with the best available estimate of roll damping.

(2) Wave Conditions:

a) Regular waves: Wave height 1/50 of Lpp- (where Lpp is
length between perpendiculars).
Non dimensional wave frequency w/L/g (where g is
acceleration due to gravity) from 1.0 to 4.0 in steps of
0.1. Wave directions 0°(following seas), to 180° (head
seas) in steps of 30°.
b) Irregular waves: Long crested waves with I.T.T.C. spect-

rum in the two parameter form with significant waveheight
4 meters and characteristic period from 4 secs to 16 secs
in steps of 2 seconds, (as defined in p. 822 of Trans-
actions of the 12th I.T.T.C.).

(3) Ship Speed: Calculation to be carried out at a speed
corresponding to Froude number 0.275.

B. Additional Information on Weight Distribution

(1) The height of the center of gravity of each section is
assumed the same as the C.G. of the whole ship.

(2) The GM values for each section are assumed to be the
same as the GM of the ship.

(3) The moments of inertia of each section about the X axis

are proportional to the square of the weight of the sec-
tions.

(2)



C. Assumptions on Roll Damping

(D)

(2)

Note:

Non-dimensional roll damping, v, to be assumed constant
at a value of 0.159. (vis defined by N//IR where N,
I and R are coefficients in the equation of roll,

I¢ +Noé+Rop=0)
Damping moment in roll is distributed along the hull in
proportion to the section area.

In addition to the assumptions given above, it is re-

quested that calculations be carried out using the best
available estimate of roll damping including such non-

linearities as are considered necessary.

D. Output Required

Note:

(L)

(2)

It is requested that in order to ease the work involv-
ed in making comparisons between results from different
establishments all data are presented in numerical form
not as graphs.

All participants should calculate the Basic Response
Curves (Section 1 below) together with as much of items

2 to 5 as convenient.

Basic Response Curves: Amplitudes and phases of pitch,
heave yaw, roll, sway and surge.

Derived Response Curves: Amplitudes of vertical, lateral
and longitudinal acceleration at a point 148.75 meters
forward of the AP and 24 meters above the keel. Ampli-

- tudes of relative motion at point 148.75 meters forward

(3)

(4)

(5)

of the AP at the hull surface on the static waterline on
both the weather side and lee side.

Hydrodynamic Pressure: Amplitudes and phases of hydro-
dynamic pressure acting on weather and lee sides at mid-
ships at a point defined by the intersection of a line
drawn at an angle of depression of 47.0 degrees to the
water line at the hull centerline.

Wave Loads: Amplitudes and phases of vertical and late-
ral shear forces and bending moments, and of the torsion-
al moment, all at midships.

Short Term Prediction for Irregular Waves: Predictions
of the RMS response for the parameters for which response

curves have been determined in section (1) to (4) above.

E. Conventions for Presentation of Results

(1)

Axis system and phases of motions should be as defined

in Appendix IIT of the Report of the Seakeeping Committee
(3)




to the 10th I.T.T.C. with heave downwards and pitch bow

up defined to be positive. Shear force is positive in

the same direction as motion along the same axis, and

bending moments are positive if in the same direction

as motions about the same axis. Increase in hydrodyna-

mic pressure is positive.

(2) Responses should be presented in the following non-dim-

ensional forms:

a) Motions: As specified in Appendix III of

the Report of the Seakeeping
Committee to the 10th I.T.T.C.

b) Acceleration: Divide by gca/L, where . is

wave amplitude.

¢) Hydrodynamic pressure: Divide by pgt¢,

d) Shear forces: Divide by pgLBr, where B is
waterline beam and p is mass

, density of water

e) Bending & torsional moments: Divide by ngzBCa

Detail of the Ship Form and appendages, Tables and Figures

Table 1 Principal Particulars of Ship

Table 2 Sections of Ship

Table 3 Offsets of Plated Hull of $7-175 Container Ship

Fig. 1 Body Plan

Fig. 2 Water Lines & Profile of Fore Part

Fig. 3 Water Lines & Profile of Aft Part

Fig. 4 Form of Bulbous Bow

Fig. 5 Boss, Screw Aperture & Rudder Lines

Fig. 6 Profile of Forecastle

Fig. 7 Position & Profile of Bilge Keel
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Table 1

Princjpa1 Particulars Ship $§7-175
of Ship Lpp (m) 175.0
B (m) 25.40
0 (m) 15.40
T (m) 9.50
a (t) 24,742,
L/8 6.89
B/T 2.67
1cb(%Lpp) 1.417
Cp 0.5716
Ca 0.970
KM (m) 10.52
GM (m) 1.0
- Kyy/Lpp. 0.24.
Kxx/B 0,328
T$ (sec) 18.00
KG (m) 9.52
Wa (ton/m) 200.6
Table 2 Sections of Ship -
stationNo X/% B/Ba T/Ta s/sa B/21 S/BT | Weight i&
F.p. 1.0 (:083)*| 985 050 000 | (-929% | qy9
0.9 123 1.000 A7 .164 .923 .260
9 0.8 .248 1.000 192 .33 .751 .402
0.7 .395 1.000 .293 .527 .720 .502
8 0.6 .653 | 1.000 .419 .738 .735 .601
0.5 .702 1.000 .559 .837 772 .701
7 0.4 .828 | 1.000 .698 1.105 .818 .802
0.3 .920 1.000 .823 1.228 .868 .900
6 0.2 .978 1.000 .922 1.306 .914 1.000
0.1 .999 1.000 .980 1.334 .952 1.000
8 0.0 1.000 1.000 1.000 1.335 .970 1.000
A 1 nnn 1 nnn QOR 1 1R .966 1.000
4 2 1.000 1.000 .969 1.335 .940 1.000
3 .995 1.000 .913 1.328 .890 .920
3 0.4 .970 1.000 .825 1.295 .825 .840
0.5 .921 1.000 .708 1.230 .746 .759
2 0.6 .839 1.000 .569 1.120 .658 .679
0.7 716 1.000 .417 .956 .565 .599
1 0.8 .555 1.000 .263 741 .460 519
0.9 .354 1.000 101 473 .277 .352
A.P. 1.0 122 .074 .005 .163 .537 .185

% Modified Breadth of the F.P. Section B=0.670(m)

(5)




Table 3 Offsets of Plated Hull of S7-175 Container Ship
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3. COMPARISON OF CALCULATED SHIP MOTIONS AND RELATED RESPONSES

3.1 Regular Wave Responses

Regular wave response calculations were made for the basic
motion responses of six degree-of-freedom and the related res-
ponses as vertical, lateral, and longitudinal acceleration;
relative motion, hydrodynamic pressure, vertical and lateral
shearing forces and bending moments and torsional moment.
Figures 8 to 82 show these responses selected from a total of
108 figures. Only such responses that show small values or
have little significance for the purpose of the comparative
study are neglected. The symbols used to identify each organi-
zation are given in Table 4. When available, experimental data
are also included on the plots as large circles, etc..

The following comments are offered for the specific res-
ponses. Table 5 shows the list of figure number and responses.

Heave and Pitch: 1In general, the results from almost all orga-

nizations show same response tendency except few organizations.
At the peak of response curves for head and bow seas the resul-
ts seam to be divided into two groups according to the theory
used. For beam sea condition the heave responses show some di-
vergence in higher frequency range. In the quartering and foll-
owing sea conditions the responses agree well between each other
except few organizations which show quite different values.
Surge: Calculation by almost all organizations shows the same
response tendency for all heading angles, except one which shows
different values quite smaller than the majority.

Sway and Yaw: Only the responses in quartering seas are shown.

For bow and beam sea conditions two organizations show different
tendency in the whole frequency range. For quartering seas,
four organizations show difference from the majority which also
diverge more or less.

Roll: The responses from almost all organizations agree well
except for the roll resonance frequency range. Two or three
organizations differ from the majority. It should be noted

that the roll damping coefficient used in the calculation diff-
ers for some organizations which have used their own estimate
values instead of the specified one.

Accelerations: In general there is good agreement for vertical,

lateral and longitudinal acceleration responses. Small differ-

ences arenoted for peak values of vertical acceleration due to
an



the strip theory used (NSM or STFM giving higher values).
Agreement is slightly worse for lateral acceleration than for
vertical acceleration for the whole frequency range. There is
good agreement for longitudinal acceleration except for one
organization which has substantially higher results for bow and
quartering waves.

Relative Motion: There is good agreement for head and bow cal-

culations except for some differences at peak response. For
beam and quartering wave calculations at least two organiza-
tions show notable differences from the majority for most of
the frequency range.

Hydrodynamic Pressure: The calculation were made for the two

points on both weather and lee sides adjacent to the midship
bottom location. Head and bow wave responses can be divided
into two groups, one group consisting of results from six orga-
nizations and the other from three organizations. The results
of the latter group are lower than those of the former and
there is a substantial difference between them. For the quart-
ering wave responses the same two groups exist with the larger
group showing good agreement and the smaller group disagreement
within the group. For the following wave the results also div-
ided into two groups while they show diverging tendency at high
frequency range.

Vertical Shearing Force and Bending Moment: Head and bow wave

force and moment responses can be divided into two groups with
one or two exceptions. The calculations of one group are based
on the so-called ordinary strip method (OSM) while the other is
based on the new strip method (NSM) or similar theories to the
Salvesen, Tuck, Faltinsen method (STFM). The latter group gives
larger bending moment than the former for the moderate wave fre-
quency range. Following wave force and moment responses differ
so greatly that no common tendencies can be discerned. This is
especially true in estimating the added mass coefficients which
tend to infinity as frequency decreases to zero. Japanese part-
icipants have investigated the reasons for these difficulties
associated with the vertical wave loads and concluded that:

a. Added mass is computed differently depending on the
computation method used. One group has used the direct calcu-
lation method based on Ursell-Tasai theory while the other has
used an approximation formula derived by Ursell for an elliptic

a2



cylinder in the very low frequency range.

b. A comparison of wave load components corresponding to
each term of the heave and pitch equations of motion, shows
substantial discrepancies for the heave and pitch coupling
terms.

c. The divergence of vertical wave loads responses at the
wave encounter frequency of nearly zero is caused by the diver-
ging tendency of component derived by the wave diffraction
forces.

Lateral Shearing Force and Bending Moment: With the exception

of one or two organizations the moment and force responses can
be divided into two groups. The higher group results are in
good agreement and the lower group results show some disagree-
ment for the higher frequency range. ,

Torsional Moment: The results show a large discrepancy like as

those of the vertical wave loads, especially for quartering
waves. They can be divided into two very different groups for
quartering waves, with the exception of the results for one
organization which are very small for bow and quartering waves
for the whole range of wave frequency. The distinct difference
between the two groups is due to the fact that the higher group
peaks at roll resonance while the lower group does not peak and
increase gradually with frequency. The reason of this differ-
ence between two groups has been found by the investigation of
Japanese group and concluded that the calculation used the spe-
cified GM value for the half body of the ship gives the lower
group results and is not correct. The GM value calculated by
using correct value of each section should be used for the cal-
. culation of torsional moment component due to the restoring
moment of rolling motion.

e 1 . . O S [ U PO g R c R N
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all responses except the accelerations and the relative motions.
The phase results agree well with each other except for wave
frequency range where the amplitude responses become small.

The phase relationship should be refered to the coordinate sys-
tem defined by the 10th ITTC Seakeeping Committee Report, App-
endix III which is also attached at the end of this report.
However, some confusions can be recognized in the phase results,
especially for the wave induced loads which may be attributed

to differences of refered coordinate system, Therefore it will

(13)



be necessary for participating organizations to re-examine the

phase results more carefully.

3.2 Comparison of Experimental and Calculated Results

Four organizations, namely IHI, CSSRC, NKK and SHI, vol-
unteered to perform their own model experiments of the S7-175
container ship in regular waves and submitted the results to
the 16th ITTC Seakeeping Committee as the contributions.
These results, and the previous test data of SRI already pre-
sented in Section II.9 of the 15th ITTC Seakeeping Committee
Report, are summarized for the purpose of comparison with the
calculated results. Contributed papers [3][4] [5][6] were provid-
ed to the committee by several organizations describing supp-
orting experimental programs, comparison with calculations, and
investigations into discrepancies in analytical methods. The
following comments are offered for the specified responses.

Heave and Pitch: There is good agreement between the experi-

mental values submitted by the various organizations for all
wave headings. In general, calculated and experimental results
agree well for pitch response. 1In the case of heave response,
the calculated values are slightly higher than the experimental
values at peak response in head and bow waves.

Surge: Calculated and experimental values agree well for head
and bow waves and agreement is even achieved for quartering
waves. Although experiments in following waves are difficult,
due to small wave encounter frequencies, the experimental re-
sults of the various organizations agree rather well. The cal-
culations show similar qualitative tendencies to the experiment-
al values with slight differences noted.

Sway and Yaw: Calculated and experimental values agree well

for bow waves. For beam waves calculated values are generally
higher than experimental values, but the contribution from NKK
shows that calculations based on STFM give lower results than
OSM and agree well with experimental values for zero
forward speed. TFor quartering waves there is comparatively good
agreement between calculated and experimental values for A= 60
degrees, but for X = 30 degrees the experimental values are sub-
stantially higher than those obtained by calculation. Here it
should be noted that calculations which include "end effect

terms'’ give higher values which approach the experimental values.

as



Effects of rudder activity due to the ship model autopilot are
apparent for ¥ = 30 to 60 degrees and are discussed in Section
I1.8 of the 16th ITTC Seakeeping Committee Report. It is indi-
cated that experimental values of yaw was increased and sway
decreased by the rudder activity.

Roll: Similar comments as for sway and yaw apply noting that
for X = 30 degrees the effects of the autopilot result in high-

er experimental response values.

Vertical Acceleration: In general there is good agreement bet-

ween experimental and calculated valued except for beam waves
in the higher frequency range where the experimental values are
slightly higher.

Lateral Acceleration: The measured acceleration in the lateral

direction for axes fixed in the ship model include gravity as

a component. This is in addition to the dynamic acceleration
induced by lateral ship motions when the accelerometer is fixed
on the ship model. 1In general, calculations which include this
effect agree well with experimental values if autopilot effects
are also accounted for.

Relative Motion: Experimental values are only available for

head waves and agreement between calculation and experiment
appears good for this case.
Hydrodynamic Pressure: Calculated and experimental values ag-

ree with the exception of the high frequency range for head and
bow waves. Experimental values were obtained by two organiza-
tions which differed slightly but show similar tendencies quli-
tatively.

Vertical Shearing Force and Bending Moment: For head waves,

calculated and experimental values are in qualitative agreement

for the whole frequency range. Calculations based on NSM or

QTTM avn 39 hAat+avr acvasmant with avnorimental valuies than

~ -

those based on OSM. For following waves, where substantial dis-
agreement exists between calculated results, experimental resu-
lts show that the vertical wave loads converge to a small value
in the high frequency range where calculations fluctuate widely
in value. 1In the middle frequency range the experimental valu-
es appear to be approximately intermediate between the calculat-
ed results. For the lower frequency range fluctuations in the
calculated values converge showing similar tendencies to the

experimental results.
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Since discrepancies between the various calculations of
vertical wave loads have been found due to differences in esti-
mating the sectional added mass for very low wave encounter
frequencies as well as theory based, it is necessary to re-
examine this problem in order to obtain agreement with experi-
mental findings.

Lateral Shearing Force and Bending Moment: In general, calcu-

lations agree with experimental results for the whole frequency
range.

Torsional Moment: For quartering waves at ¥ = 60 degrees,

there is substantial disagreement between experimental and cal-
culated results in addition to large differences between the
calculations themselves. For bow waves both experimental and
calculated results have similar tendencies.

3.3 Comparison of Irregular Wave Results (Fig.83 - 104)

The second exercise of the comparative study by the 15th
ITTC Seakeeping Committee involved computing RMS values in
long-crested irregular waves. The wave conditions were speci-
fied by the ITTC two parameter spectrum with a significant wave
height of 4 meters and characteristic periods of 4 to 16 seconds
in 2-second steps. Ship to wave encounter angles of Z = 180
degrees (head waves) to zero degree (following waves) in 30
degree steps were specified, same as for the regular wave exer-
cise.

Eighteen organizations participated and provided their
results to the 15th and 16th ITTC Seakeeping Committee. Only
the selected examples for each response are shown in this re-
port. It can be seen that there is reasonable agreement for
some responses, and disagreement for others dependent on wave
heading and characteristic period, especially for the lower
period range. A comparison of all the data is summarized in
Table 6. There are significant disagreements for the follow-
ing cases: .

a. Sway and yaw in quartering waves and surge in quarter-
ing and following waves,

b. Lateral acceleration and relative motion in waves of
short characteristic period,

c. Vertical shearing force and bending moment in quarter-

ing and following waves,

(16)



d. Lateral shearing force and bending moment in quartering

waves.

4, CONCLUDING REMARKS

With some exceptions, six degree-of-freedom ship motion
calculations from mostorganizations agree well between each
other and with the experimental results. Problems remain for
the estimation of sway and yaw in quartering waves as well as
surge in following waves when the wave encountef frequency 1is
very small. However, it should be noted that experimental dif-
ficulties exist for such situations. Generally, acceleration
calculations in the three directions agree well with each other
and with experimental results. For relative motion calculations
agree well with each other except for a few cases; also the
head wave calculations agree well with experimental results.

There is substantial disagreement between the calculations
for the vertical shearing force and bending moment, especially
for quartering and following waves. This is also true for the
torsional moment for situations of roll resonance. In fact,
there is no calculation in good agreement with experimental
results for the whole frequency range. The experimental results
appear to be intermediate among the confused calculations.
Therefore both more experimental results are desirable for com-
parison purposes, and wave load calculation methods should con-
tinue to be investigated in order to achieve better agreement.

In the course of this comparative study, a large number of
calculations have been performed and submitted by a large numb-
er of organizations. Although some of the results are not inclu-

ded in this report, the general tendency of agreement or dis-

- - -+ - - L. . D T
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the figures of this report. There exist also few results negrec-
ted in plotting due to their quite different tendenies from the

majority.
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Table 4 Symbols Used to Represent the Results of Participating Organizations

No. Organization Abbrevi- Program Symbol |Used Roll Damping
ation Specifi- | Own
red Estimate
1 Helsinki Univ. of Tech. HELSINKI HONKANEN a * *
2 Admiralty Marine Tech. AMTE (H) SCORES A *
Establishment (Haslar)
4 Ship Research Institute SRI OSM N @ *
5 Hamburg Ship Model Basin HSVA GRIM v *
6 Meguro Model Basin DA OSM * *
7 University of Osaka ou OSM O *
8 Mitsui Eng. & Shipbuild. MES 0SM A *
Co., Ltd.
9 Hitachi Shipbuild. & HZ OSM X *
Eng. Co., Ltd.
10 Kawasaki Heavy Indust. KHI OSM Y *
Co., Ltd.
11 David W. Taylor Naval DTNSRDC  STF A *
Ship R&D Center
12 Fishing Boat Lab. FBL OSM O *
13 Nippon Kokan Co., Ltd. NKK 0SM v A =
14 Mitsubishi Heavy Indust. MHI 0SM Y *
15 Sasebo Heavy Indust. SSK osM @ * *
Co., Ltd.
16 Delft Shipbuild. Lab. DELFT DELFT 102 * *
17 TItalian Ship Research CETENA SCORES d *
Center
18 Ishikawajima-Harima IHI 0SM ®© @ *
Heavy Indust., Ltd.
19 Defence Research Estab- DREA DREA + *
lishment Atlantic
20 Ship Research Institute TROND- STF X *
of Norway HEIM
21 Krylov Ship Research KRYLOV KRYLOV X * *
Institute
22 Netherlands Ship Model  NSMB NSMB &% * = *
Basin
L) NUSLLULKN vliaveL ol Ly L\U\;LU\;-L; :
24 Harbin Shipbuild. Eng. HARBIN v *
Institute
25 China Ship Scientific CSSRC th *
Research Center
26 Sumitomo Heavy Indust. SHI OSM ® O *
27 Chantiers Navals de la  IRCN A *
Ciotat
28 Seoul National Uni. SNU =4 *

Remarks: Experimental results are plotted by the symbols VAN - O
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FIGURES

Table 5 List of Figure Numbers

Encounter  Head Bow Beam | Quarter Follow
Responses Angle 180° | 150° | 120° | 90° | 60° | 30° 0°
Heave Fig. 8 9 10 11 12 13 14
83 *
Pitch Fig. 15 16 17 18 19 20 21
84 *
Surge Fig. 22 -~ - — — - 23
85*
Sway Fig. — — —_ _ 24 25 —_
86*
Yaw Fig. — — — — 26 27 -
87*
Rol1 Fig. — 28 29 30 31 32 —
88*%
Longitudinal Fig. 33 — — — — — —
Acceleration
Vertical Fig. 34 — 35 — — — —
Acceleration 89*
Lateral Fig. — — — 36 37 — —
Acceleration 90=
Relative (w.s.) Fig. 38 — 39 40 — —
Motion 91# 92*%
Relative (1.s.) Fig., — | — — 41 — —
Motion
Hydrodynamic Fig. 42 43 44 45 46 47 48
Pressure(w.s.) 93# 94
Hydrodynamic Fig. — | 49 | 50 | 51 52 | 53 | —
Pressure(1.s.)
Vertical Fig. 54 55 56 57 58 59 60
Shear Force g5* 96*
Vertical Fig. 61 62 63 64 65 66 67
Bending Mt. 7% 98#
Lateral Fig. — 68 69 70 71 72 —
Shear Force 99* 100*
Lateral Fig. — 73 74 75 76 77 —
Bending Mt. 101* 102*
Torsional Fig. — 78 79 80 81 82 —
Moment 103#% 104*

Remarks: Figure number with # represent irregular wave results.
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Vertical Shearing Force

Fig. 67
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Table 6 Degree of Agreement Between Results of Irregular Wave Responses

WAVE DIRECTION HEAD 30W BEAN QUARTERING  FOLIOW
ENCOUNTER ANGLE 180 150 120 90 60 30 0
HEAVE 00 00 00 Y 00 00 00
PITCH 00 00 00 Y 00 00 00
SURGE 00 00 00 00 00 X XX
SWAY 00 00 00 00 XX
YAW 00 00 00 X X
ROLL 00 00 00 Y 0
LONGITUDINAL ACC. 00 00 00 00 00 00 00
VERTICAL ACC. 00 00 00 00 00 00 00
LATERAL ACC. Y Y X X X
RELATIVE MOTION (W) Y Y Y Y X Y Y
do. (L) Y Y Y Y X Y Y
HYDRODYNAMIC PRESS. (W) X X X 00 0 0 0
do. (L) X X 0 00 0 0 0
VERTICAL SHEAR FORCE 00 00 00 00 Y XX XX
VERTICAL BENDING MT. 00 00 00 00 00 XX X
LATERAL SHEAR FORCE Y Y 00 Y
LATERAL BENDING MT. 0 Y Y X X
TORSIONAL MOMENT Y Y Y Y 0

Note: 00'° Satisfactory agreement for whole range of wave period
O"‘Agreement for part of wave period range
X** Poor agreement for whole range of wave period
XX.+.. Substantial discrepancies between results

Ye+ Substantial discrepancies between results for short
wave period range
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APPENDIX

Scakeeping Definitions and Nomenclature
Recommended by

Seakeeping Committee, 10th ITTC

1. Wave Characteristics

;w/k = 2ha/Kx wave steepness
h i maximum wave slope = 2n Z
Xhe & Pe =5 =
(Zw) ; K1/,o: average value of the 1/10 highest obsefvations
: 1/10
Not number of zero crossings in a given record

Ny: number of crests and troughs in a given record.

Spectral Density

Irregular long-crested wave system or uni-directional wave system is a
system with all wave components travelling in one direction.

Irregular short-crested wave system or multi-directional wave system is a
system with wave components travelling in different directions.

A uni-directional wave system can be represented by:
n = ZE: Nop cos(xnx -wt o+ en)
n

with a suitable random distribution function for the phase angles ¢

for
)
ensuring this representation to be a stochastic process. n

The spectral density of the process is defined with

%Xz = S {)am
Ly ©
dw

where

Sé(w)x spectral density for the uni-directional wave system

m o= /.wnsé(w)dwx moments for characterising the shape of the spectrum

€ = [ ———m—mm- : measure for the width of the spectrum.
(45)




For & » 0 the above given definition of the spectral density leads to
the following relation between the apparent wave characteristics and the zero
moment of the spectrum (or area under the spectrum)s

(Zw),“ 2.5mg
&), =
&)

5.1Vmo

1/10

Remark: The definition of the speotral density differs a factor 2 with
the definition according to St. Denis and Pierson; therefore,
the relation between the apparent wave characteristics and
the first moment differs a factor V2 from the one given by
St. Denis and Pierson.

A multi-~directional wave system can be represented by

Z = Ez: %y cos(xnx cos p, + Kk ysinp -t o+ an)
n

Mot wave direction is the angle betweenAthe dominant wave direction
and the direction of travel of the wave components.

. 1. 2 - :
Z 22 = 5 (o)
dw,dp
S (w,u ) spectral density for the multi-dimensional wave system.
s , .

2. Ship Motions

Amplitudes and phase angles

Fixed axes in space are designated X, Yo Zo-.

Body axes are established by a right-handed coordinate system with the
xb-axis in the direction of the ship's bow, thuss

X

y
r 4N b

The origin of the body axes is at the centre of gravity.

Positive z-axis may be assumed either vertically upward or downward, but
the direction should be clearly specified., For work on ship motions and wave
studies z-axis positive downward is preferred for consistency with '
manoeuverability. It should be realized that the specification of positive
direction of the components of the ship motion should be in accordance with the
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choice of the reference axis. In the following text the z-axis is assumed to
be positive downward.

The origin of the moving co-ordinates system, which is located in a point
vertically in line with the mean position of the centre of gravity, moves at
the mean velocity of the ship. The axes represent the mean position of the
body axes.

Specific definitions of angular displacements should be given when motions
are large

x = x cqs(wet + sxﬁ) t surging
y = 7, cos(wet + ey;) t swaying
z =z cos(wet + szé) t heaving
¢ = ¢, cos(met + e¢z? t rolling

6 = 6 cos(wet +e,.) t pitching

vy o= ¥ cos(wet + & 3 yawing

We call the instantaneous position positive if the linear deviations are
in the same sense as the positive directions of the axes of the co-ordinate
system and if the angular deviations are clockwise, looklng into the positive
direction of the axes,

Amplitudes are denoted by X7, ¢a’ wa’ etc. Pﬁase angles between

the motions and the waves etc, are defined in such a way that when

exz,sy;,
t = 0 and the wave elevation amidships is a maximum, the momentary position
is given by the above mentioned formulae

¢ 6 ¥ 1 shift of the mean value of an oscillatory motion with
respect to a zero line. For instance: rolling motion
in regular_waves takes place between -4° and +10°:

= 7°© = 20
$, = 1° ¢ =3 |
z(x) 1 absolute vertical motion of a point of the ship

N <. . aa
oD\Ay @ L TCLAVLYT V¥OL LLUGL WU ULVl Vi G PuUdiiv Ve wiaw w Ldde pr Vv e

respect to the water surface.

Wave Direction and Frequency of Encounter

2

w, = w - %;V cos W ! (circular) frequency of encounter

vV ship speed

S angle from the direction of travel of the ship to the
direction of travel of the waves when xXp-axis coincides
with track. This angle will be called track to wave

angle.

@n



u= 0°1 followlng sea

90° waves coming from the port beam

180° head sea

..

270° waves coming from the starboard beam

Dimensionless Representation of Motion Amplitudes

X y z
Z? Z? Z? : linear motions are made dimensionless by dividing by the
a “a “a wave amplitude
¢a a ¢a
X7 X7 Rz : rotational motions are made dimensionless by dividing by the
a a 8 maximum wave slope.

3. Natural Perilods

T, = TZ,JE : dimensionless natural period for heaving
T¢ = T¢ \ﬁi s dimensionless natural period for rolling
Tg = TeAJE : dimensionless natural period for pitching

Irregzular Motions

Apparent characteristics and spectral moments of irregular ship motions
are defined in the same way as for the wave motioni

2611 26y,3 26,,40 etec.

& ¢

m m ete,
n n

4., Resistance and Propulsion in Waves

Oaw = T oRF G dimensionless coefficient for the resistance increase in waves

TAW = -TT2pF ! dimensionless coefficient for the thrust increase in waves

xAW = --=Toz= : dimensionless coefficient for the torque increase in waves

Vaw = T oBZT : dimensionless coefficient for the r.p.m. increase in waves

AW dimensionless coefficient for the power increase in waves.
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choice of the reference axis, In the following text the z-axis is assumed to
be positive downward.

The origin of the moving co-ordinates system, which is located in a point
vertically in line with the mean position of the centre of gravity, moves at
the mean velocity of the ship. The axes represent the mean position of the
body axes.

Specific definitions of angular displacements should be given when motions
are large

x = x cos(wet + exg) t surging
y = ¥, cos(wet + ey?;) :  swaying
z =z cos(wet + ezg) ¢ ~ heaving
$ = ¢, cos(wet + e¢é) 1 rolling
8 = ea cos(wet + eeé) 3 pitching
o=y, cos(wet + ewé) t yawing

We call the instantaneous position positive if the linear deviations are
in the same sense as the positive directions of the axes of the co-ordinate
system and if the angular deviations are clockwise, looking into the positive
direction of the axes,

Amplitudes are denoted by X ) Yo ¢a’ wa’ etc. Phase angles between

the motions and the waves etc. are defined in such a way that when

"z Syy
t = 0 and the wave elevation amidships is a maximum, the momentary position
is given by the above mentiorned formulae

$ 8 E ! shift of the mean value of an oscillatory motion with
respect to a zero line. For instance: rolling motion
in regular_waves takes place between -4° and +10°:

= 70 = 20
¢, =73 ¢ =3°%
z(x) t absolute vertical motion of a point of the ship

s8(x) : relative vertical motion o1t & point ol the ship witn
respect to the water surface.

Wave Direction and Frequency of Encounter
2

w, =W - %;V 0038 4 3 (circular) frequency of encounter

vV ship speed

ol angle from the direction of travel of the ship to the
direction of travel of the waves when xXo-axis coincides
with track. This angle will be called track to wave

angle.
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g = 0°1 following sea

90° : waves coming from the port beam
180° : head sea
270° waves coming from the starboard beam

Dimensionless Representation of Motion Amplitudes

Z? Z? Z? H linear motions are made dimensionless by dividing by the
a “a “a wave amplitude
¢a a wa
X7 %7 KL ! rotational motions are made dimensionless by dividing by the
a a a maximum wave slope.,

3, Natural Periods

TZ,JE H dimensionless natural period for heaving

T =

A
1¢ = T@‘VE t dimensionless natural period for rolling
Tg = Te‘f% H dimensionless natural period for pitching

Irregular Motions

Apparent characteristics and spectral moments of irregular ship motions
are defined in the same way as for the wave motiont

261,41 264,35  26,,40 ete.

me | m¢. etc;
n n

4. Resistance and Propulsion. in Waves

R A
GKW = "égﬁf : dimensionless coefficient for the resistance increase in waves
PE%, T | |
TAW : .
TAW = -"=2pF ¢ dimensionless coefficient for the thrust increase in waves
P8L, T
QAW
Kyw = ~" 282D ¢ dimensionless. coefficient for the torque increase in waves
P& L
DD’V
Vaw = T LBEm G dimensionless coefficient for the r.p.m. increase in waves
' .8;817 :
PAW .
Tow = TToREC G dimensionless coefficient for the power increase in waves.
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AXI1S COMPONENT
WAVE
DIRECTION

Fixed axes x5, Yo

Moving axes x, y, with origin at
still waterline, vertically below
C.G'

>

zg positive downward preferred

<

All linear directions shown
positive. Clockwise angles in x,
y plane are positive (1f 2z, 1is
positive downward).

NOTES:

1e This diagram illustrates the

general case, Filxed axis xpyo may u

be oriented for simplification in

specific cases. Ho
by

ﬁl*rl%‘f | -

W

Ship track is direction of mean
velocity vector, V. Instantaneous
velocity includes effect of sway. Lo =

GD

I‘IIIIIIII" ~ ~:S‘S‘Z:1 \S:SCG‘,
AN B m
YoV e /\

FIXED
AXIS

42 Qu,
ORI
: '~
<0, N,
AN
AW X MEAN
U HEADING

DOMINANT \le'r

WAVE :
DIRECTION HEADING

= instantaneous heading angle
= mean heading angle
= amplitude of yaw oscillation

= instantaneous direction of velocity

e e mem ,L“A-J.-A.. AP ALl A Al

= mean angle from track to mean

heading in x, y plane = leeway
or drift angle

= inst. drift angle, from track-to-

heading in x, y plane

= component wave direction angle
= dominant wave direction angle

= U - {o = angle from dominant wave

to component wave direction

= angle from mean heading to

dominant wave direction.



Segkeeping Symbols

Recommended by Seakeeping Committee

for Inclusion in Presentation Committee List

Wave velocity or celerity
Frequency, 1/T

Frequency of encounter, 1/Te
Real moments of inertia

Wave number, 2x/A (alternative to k)
Real radii of gyration
Wave bending moments: vertical, lateral, torsional
. Spectrum moment (where n is an integer)

Mean rpm increase in waves

Mean power increase in waves

Mean torque increase in waves

Mean resistance increase in waves

Vertical motion of bow relative to wave surface
One dimensional spectral density

Two dimensional spectral density

Wave period

Period of ehcounter

Apparent wave period

Mszan thrust increase in waves

Natural perliod of motions

Body axes, motion§

Moving axes

Fixed axes

Frequency response function

Impulse response function

Leeway or drift angle (horizéntal plane)

Mean drift angle

Rudder angle
6P

c
f

f
e

Ixx Iyy Izz

k

kXX kUU kll

M§ Mc Mt

m
n

Daw

PAW

QAW
RAW
s

Sé(w) Se(w) .

Sé(w:Pw) Se(w’pw) eve

T
T

e
T
TAW
Tz Te T¢
N H
X y z
Xo Yo 2o

Heé(w) HWé(w) H¢;(w)
heé(t) hwé(t) h¢é(t)
B
g




Phase angle between any two harmonic variables, €
as indicated by subscripts®

Instantaneous wave elevatlon Z
Wave amplitude éa
Apparent wave amplitude Za

Wave height (trough to crest)

Apparent wave helght

AP AP

Pitch angle (preferred/ to V)

Pitch amplitude ea

Mean pitch angle 2

Wave number, 2x/A (alternative to k) X

Wave length A
Apparent wave length x

Tuning factor, as T;/T | Az Ay A¢
Wave direction angle u

Roll angle ¢

Roll amplitude ¢a

Mean roll angle a

Yaw angle (alternative) P%

Pitch angle (alternative to 6) ¥

Yaw angle (preferred/ to  x) ¥

Yaw amplitude v,

Mean yaw @
Circular frequency, 2=%/T w
Circular frequency of enocounter, Zﬂ/Te w,
Natural frequencies of motion wz Wy w¢

*A positive sign indicates that the first subscript leads the second.

/This preference is indicated by a majority but not all of the
Seakeeping Committee members.
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