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On the Development of Seakeeping Performance Evaluation
System with Establishing a Safety Space
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Abstract

The recently-developed automated vessels require a system which evaluates the operating condition of
the ship at present position from weather information as well as sensors ; forecasts the operation condi-
tion in the sea state to come in foreseeable future ; and suggests the optimum course and speed for ship’ s
safety.

According to a study, deck wetness, propeller racing, slamming, rolling, vertical acceleration, lateral
acceleration, vertical bending moment at midship etc. were chosen as the factors for evaluating seakeep-
ing performance. As a matter of fact, there is no developing the hardware of a system which could consid-

er all the factors on seakeeping performance.
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This study introduces a theoretical method which makes it possible to evaluate the seakeeping perform-
ance by applying a theory from reliability engineering, and thereby establishing a safety space.

The author adopts rolling and pitching as the factors on seakeeping performance by clarifying the corre-
lation of stochastic processes with the factors presently adopted for evaluating seakeeping performance,
and develops the overall seakeeping performance evaluation system in consideration of the safety of
human being, cargoes and the ship.

This method of evaluation shall be of much use in developing the practical system of seakeeping perfor-

m-ance of a ship in waves.
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Bi%; ¢ p(x, x,)}——exp[— —-{(W -1 X+ (W;—1D %211 LW %)

G:
agdd, RE3)ell &ste ﬂﬁ?ﬁiﬁﬁiﬁ— e AL ZEMES FESE st o] o4 @

°l AH=E, Be} fiRIAME EMEZE ¥ EMKC) BRI meld, REI) AMEHRS
zeroii oA ARM RBAS 2RFAA Hsted T EMRE cheT o] KHHLY
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QExazh,szid=J; j,: o{ %, %) dx d% =~ {1+0(x, %)} exp(—%2/2) exp(—%,%/2)

(x, x,
__F z %) - [{%2 exp(—%,2/2) +2exp( — %2/2)} X exp( — %.2/2)
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SRITC MALHE B FAREEE Qv nkt 2f UdA BE— EEHENe FAlm s &
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RIT WAUE BREZ =0 e WA FHE E#olx, 1R %%kT Rayleighsrfgigks
B 7% £ sle fEEoth
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» WHLIERE EREZE 1Y o) Er—02 St golvh a8ieg, o] Erg FAste Fittte: FHEE
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V-2 In{1-P(D)} N v =2 WnlQ(D} “n
T+, REX AGAES] CEAUAIR-S WHATHERE EolA WHALMEA: FEEZ —E8 3 LIS yriso]
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Fig. 4(b) Safety space defined by multi-dimensional factors SEE
for evaluating seakeeping performance.
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w3}, #Spectrume] HEE Aol BAME e FHETHAA Hal ~x/2~7x /28 @WRAA
costa AT, L ol9)e] HEAIME zeroZ ESE HARAE EEI METH HHHESpectrum
& g3 zo] R
S(w,a)=2/xS(w) cos’a : -x/2sasx/2
=0 1 ouke) A Gl
3, fofae] AETE AHAE dskel —sEe] $HBE x & MRS —ER EEER AESHY
gl AL, EES HHHLE BXS HEBE x 0 MEH BERHEE Halo,x-a)® s, mER
@F2 x ()] Pierson - MoskowitzE! Spectrum Sxi* (w, x )&,

s200=  IH0x- ol S0 d 52
o) 3, HERSERE x (09 SHUE ou()E THEF Rk
czxi(x)=r S (w,x) do (53)
Spectrume] XG2S} 2ol EHD Aol EHLHE Tk HEEE xOF cheel ko2 KRAGD
Xa(t)=I: V2 S{w,x) do cos(wt+yy) (9
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7)ol A, yi=¢i+yiol X, yiv 0~27x 72 Random3}A| —iEsfmsts iAol c}.
3.2 miE EBXC| HAMME

BIRWE HUTSH & MRMOA ER) Zo) FEe] Hel FiEsl: HHA AN il BRA
olel= mMEEBfRM R HES WEZ oVl vhdeln, & Q) WHE EXES ¥A o= o
T BF Rl FHME #EL 5 Atk ol FL AFS BHWOZ s Fosx nE
WALE BHES LS Fastd RERY & e EXE tustd, M 289 %2d 33 2Ee
W FEEFE B2 KFste Ao WhEaARAA oo

EF 2708 WAL ERS) BEARS £4% xO,x02 31 xO),x 0% XGHS FHEstd &
FHH e KPsA 1S3} zo] Wt

x,-(t)=r VS (0)de efsent i

50=[ VET)a cwo @ ©5)

& S (w), Si(w)e £% xi(t), x()2] spectrum
X ), % O7F FMHE zerod] EH ergodic MEER@R)} MEst, 2 AABIEH p &, x)= R GH
B EFEZ FE,
E[x:(®) - (D]

o(x, x) = JoT ot (56)
& %), x0 Ty HwEH
o} Zte] Hr)
AGO HFe x®), 5O £58K Ciolx, Gt F HRBEES] F9 BUTEY R@©0) 8} zr).

=

T

Elxi(t) - Xj(t)J=Cij=R(0) 57

% RO=lin [ 50 - 50 &
st Re] Hek K554

\/SxiZOJSd(D:Ax)((D) ]

\V4 S,GZ(DSd(t):A.,'((D)
22 s RGNl A, thst Po] WRMH S WEAWEA ebd + Yot

(58)

RO =EE® - x(01=_ Y 5 As(no) Ay(ma) eve-soimms

o m=

1 (12 © ) .
X -lrl_fg ?‘- J_T/Z erisan(m)n—m(mu)mku dt =J_w Axi(n(l)) A,;(mu)) el(!sn(u)(e: &b}

=2]o VSi(@) Sq(@) cos(g—¢g) do

(59)
o171l A,
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1

/2 _
lim — elism(m)n—sgn(mw)m) “tdy
T—w T J-Ti2

= lim

sin[{sgn(nw)n—sgn{me)m} wt]

o  {sgn(ne)n—sgn(me)m} wt

=5 [{sgn(nw)n—sgn(mw)m} ot]

2[ 1 syn=m
0 ' nEm
2, 81 1= deltag#

#(59)¢] spectrume R (54)oll 42} 7re] Pierson-Moskowitz e 2 #H 3=,

Su(w)= —;—— S.(w)

Sy(w) = ——;—— S () ]

(60)

b HEE, K66 (TF 27k Wt BHR MHBERES o3t o] KHYE - sl

0

r\/ SP(@) SP(w) cos(e—g) do 61)

p (x, %)=

Oxi Oy

o3 7) o A, o, oxE X (), x M) EiREH, |p &, x)| =124 x®O4 xO7F Hirad 25l

E p &, %) =00]c}

f

DECK WETNESS
(x1 )

PROPELLER RACING
(x2)

I

ROLLING
( x3)

I
VERTICAL ACCELERATION
AT F.P.
(x4 )

|
LATERAL ACCELERATION
AT S.5.84%
(x5 )

I
VERTICAL BENDING MOMENT
AT MIDSHIP
( xe )

SLAMMING ( x7 )
I ]
RELATIVE MOTION RELATIVE VELOCITY
AT S.S5.8% AT S.5.84%
( x11 ) ( x72 )
[ |

[«]
Fig. 5 Diagram for serial combination of the reliabili-

4. TERE FHES HE HE

4.1 B3 midE ERel AILH
#en FEAELS MER
& WHLE BER7E T3 RRMES B8 o 2
Hgo) BhEsty, 1 BAEMFR RABEMES &
BE o e Ad, A 2 Bl L& melM
WALERES %ol EbEstAl et
B Bzl elste] RFER mHALE Zh
Azw #5442 Fig. 59 o] AW = slow”,
o] R ¥ N EHele 1 AR RABAE
£ EAHNE W @HEEs 84 He A e
e BEFlkEAeltt
9, g & Wit BERele 2 RABEAME
o] £& ch=A RES drk olAL & WL &
#oll B MR W2 o2 PstdHAH dE AR
ol7l% dt3, WiitERE FEN & TR BEEES

ty for evaluating seakeeping perform-ance of a &2] i BrkE Uch. ©l o}ztol ELFE WIMUME

ship in waves.
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Table 1 Factors presently adopted for evaluating seakeeping performance and their critical values

A B ®OR X R
HEE Qe (Xi)
Deck wetness txU || BK HERES] KA LRSS EFEI E P AR wn 2x107
Propeller Racing D X2 oK BERY Ky RS @83 23 Propeller
£{Z2) 1/3 b 10
Rolling 1 X3 finte Uil Weather Side®] bulwark topel] i@k}
A & BRARKIEL 3o AT t5KENA 107
bulwark top7} %] 2] o].
FPeo FThn&mE ix¢ || 0.8g <k g EAIMEE
Container 38 JIS(Z1618-1972) ol &3} 107
SS. 83 o EAMEE x5 || 068 T, gt EHIMME ,
Container 381 JIS(Z1618-1972) o) &+3}. 10
f588 o) 1x6 || FEFHARIES 70,000ton-mE H#5E sl o). 107
#t-33% moment
Slamming tx7 || SS. 8% ol RAEF LT FIEo Mol AT W) fuiEe)
Kl o’ #HEEE L Threshold Velocity 2 #8835 7. 10~
©t, Threshold Velocity = 0.09 gL

#e Bkl A MAMY 2 RABEMES oo BESH osia 2% o] chax|w, g
#7322 Table 164 Holx= 7o) sEAE T g}

add, el gl wis} o) g WALMEERY &% S RARAEMRS] 2Es o] 9lo]
WHLIEAES FFMRSH] e ZE EHUE EXS llsledo stedl, o TR B b ifale
AL AN FE7F FAREY A% 32, BE Bl ANE HFsto] FESS AL S &
AqME B BHE 23}
=¥, B & WHE EX Alolol ABEIMIEES W @ BRET % TED slo mHitae
AR FEY 5 e HEE AW, o] F9ols FEA~W MG = Hhid B
s @2 dlole} Wlo] 2o HEgo] UES Now WHE HAZSo] B

RIFZ Aol SEAE S0l fligdol BHtEee FEs oo WY it B2 x5 #iEs)
=7hE B AEI Hathe e AT HES BEDZ W, 418 XA EH RE#nik, M
BiE7L miALIERES] FE £% wizke] & o 5 glghew

2RI, iR EREEO] AL RER oA ERhY FEEECT LA HREY = 9
© Jlo] MEkel BRI DR, iMBol: ohdE R MR HEREL LARC S BESY ow
Uk

22, S HEslel WAt FEAS BRLE = Qs it B oA fints e
e - BENEYL BRTF WAL BRSO S H£AY 5 AdsAY RES MES) MRS 1 BA 3o

%
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srifrslor & WE7} ot
4.2 Bt WM EXESY K - mEIELe] ARG

EERF WALME EEZF 2 R MRS Hhm E®H Bhm EEic R Eod-S RS fst
o] #it - HEEhIESlS] AEBIRNIRE BUEETES WSl ol Eoh BERH FAT HRME Le-
175m containerfiio] c}.

KO6DAAM Febd mpE: EXS BRGNS flHsIY BRG] & 16.1KntF.=02)2 BHR
#k%E Beaufort No. 89| K#¥-& #UATH 7259 4t - HEEHE} EEF WHALHE EX HMMERE He
B ox (¢ =180° : R IEMIR) o HHsted ebd A o] Fig. 62 (@), (b)e]c}.

Fig. 6(@) oA X7 miAitE EF+ Deck wetness, F FILEE %2 2692 H& Mo A @)
#(0)2 tHRARAMR7} ¥ 3., Slamming, Propeller Racing, ##§ # R#8S] #iwYmoment= HEMH x=
180° ~90° o] #E A HeBhiE(6)S} R Evhe AL & F Uk

a8}z, Fig. 6ol = BfF EXRT EAMEE7E 2090 Befod ZAA #EH)ig(e)o MR
%7} ¥ 31, Propeller Racing, Slamming, fit#8 H#30e] #i¥dmoment 2 HidHkel 79 RHE
HEH x=90"~0" 2 #HEANA KEFE@) ] Tohe AL & &

o3 d BRLE & MEHN BRREAME 2 IS Jetlls RS #ZE + Asch

EEEelA bRl ube} o], Y] HE AN MRS EAX EHQ MENHEG)S BEHEG@)c E
By HmplE e malE BFRS ¥ HEMGRE /A oA, 2 RS FHEE ERE 9
CEfF WHALHE BRE At M- BEHES N2 TRk FEEXRE FET + gz sk

Sea State 8 Fn = 0.2 Sea State 8 Fn = 0.2
To=10.30,H,3=7.10 in still water To=10.30,H;/,3=7.10 in still water
2= T T 2 2 T 2
§ o 0 P Jo Lo “1do - E) B % 130 130 130
o] ‘ o P
5 © S
PGS T
| 308 .- o S)*-n,— e
& I o = 575?:{2)_\\ .
i l . Q(O.Q)// ;"“’»,g@lﬂ"~~\\"~. //D;
S IS S ) 9.9)
S m?;_.\ 90.05) — 5o . B
2 . 2 3 - - »
z ° % x1) g =
S S 4)
o ; y
§ 6. b 5 ° 30
?i 3 T § sy @.x72)
5 e s !
< <7 [s] -
: S gew .
. s
&
©
sl
° o o o
JTO 6!0 <90 1 é‘() 1 éO T! i ra 30 6‘0 30 1 %0 \%O 180

Encountering angle: x (deg)} fncountering angle: x (deg}

Fig. 6(a) Correlations between pitching and the fac-  Fig. 6(b) Correlations between rolling and the factors
tors presently adopted for evaluating sea- presently adopted for evaluating seakeeping
keeping performance. performance.
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4.3 &7 mHitE EXS # - SEigol 23 BABKES H#&

EEfF WHALEE ERE FIASS fiofel mieiiEsEe FESl HEoed fRES fomEs 3t FF
R/t FHikel AUk &, RUNY FHZ e £EY i B o7 FRFZEEFER A B3 FE
i€ Ec2 RR3Pd, RAFMEME Ecoll N iTke) FEE B2 e iEXRY fEbRE wiet EHs}
3 kg3 2ol »ée}»ac&/ ]

i «/ O, o
TE T el e ©2)
S, ot i BRI} BRRBARR Figsle EEe
of BIREE wv w>1Q H%ol i EHEE £ F, w<1d A= E23H] dobe A
el
=3, WAL BE BRE w ol BAEE BARKE wm o)zl Tk,
pm = Maximum [ i ] 63)
o Zo] vpebd £ 9k o] umd W Wi Tl wo] EEE He2AM, 2 FE & EF
et HEEHMEE HEis = Zho)). ‘

Fig. 79} @), ()= #$Ao] #khe] HiiT#EH 16.1Knt(Fa = 02) 2 S48 Beaufort No. 8,98
ATt Ao, K629 X(63)¢ FAst mae T EXE gl Exe st 73 BAR
PREES} #E - BRENES WAL BERZ sl 7% BARKRES hen xoll whe} HeEgste] vehd A

Sea State 9
T=11.70, H,=9.21

150

120’

Fn=0.2 (16.10knt)

in still water

S0°

20

0.5

060

030"

Mm@, 6)

090

60

~030"

oo

[:J Safety range

—— — tinlz, =1,7) [T Danger range

Fig. 7 Comparison of the maximum d

(@

evaluating seakeeping performance.

091

Sea State 8
T=10.30, H,s=7.10

Fn=0.2 (16.10knt)

in still water

1SG. S0°
e

e

120" 120°

0.9]

090

60

030* 030°

0o0g

—_— ums. 6 l:] Safety range
——— U (Ti ,1=1~7) Danger range

)

angerousness between pitching-rolling and the factors presently adopted for



RR7R BE Y A EALEESY FEA2Y R 3% WE - 19

ole}.

Fig. 79 @), ®eld, 87 7} BEXE FEEED e Ao RAEs & KBke &
BEXZ sh9e 4TS BABKRES 2 ek AN 2 gl A —HId @A, LK
2 e slo] EALMEEES FESHE MIM ¥ WE EF EAUE BRE RIS A - BEIES
N2E FHHsE FEERZA REGAE B8 98 ¢ 4 Utk

4.4 %E HEO| OB Wik TFM
441 BRFEARLE

feme) Jby sAmel EEl MEHESH MENES AL FEEXD St &E FRo2A M
B A& ¥ KM £2S EET NS PR FRID

opoll WA whsh o), EHELH: BES) 4 2 FHME W Axde) AN B ot @
Fteis FEEESA MBES KBRS BA2 S AL 23 GORA e EHUIEES 2
KT B BED HEY BEALGCDZ FET 4 NODD M- Mg o8 B R
e RGN RUOA 4 T8 5 2k

23, AR EAE T QE Al BENESH MEET FHte FELE 0 EEEE ety
Qeh. weba BAREHE A dAAE RAFRES A2 2R/ AT —BOOD KBS
o A BENES 22 Tl oA BAST Ue-S Table M= & 4 glch

a¥thT S A MENES) BABEME] KBRS TR W m 4 HEE Folyo
24 HANOD WML FEME Ere T, MEES) mRREAS) Bl AA RED #RD
GehtAl "ok

2einz, ofslold BRBERE] T MENES BiEoD slol, KBRS MATEE Eecol o
@ HEES RAFMEE Beo) HE & - HBNES] RAHMANE m 0, 0)24 EXstx o
o] epdieh.

_ E.c _ [ec/aec]
m(8, ¢)= E.  loJod (64)
w3 K64 b3 2ol KAE + st
Bc/osc =m(0,¢)  [¢pc/0¢e] (65)

wreld, oleldt RRAFEABE m (0, ¢)S EAS D #HEyE/ RABERE #hEstA 2 o,
HeEhk e IRARB MR e 379 RAREREZA & F BERE FEY & A Do

442 BRIFEMES &E
fogae] WTALMESES SETslEdl HKige) Sl= FEME Ere £27M HES A RAFEME Ere
AR SERRTL] ohel SEAUEL EYE] A" o+ e freld
A Z7hx 9 WHATHEREe] BE HER BRI E M- ekl 2 Hefol A HEEIR
%7} =3, 1 R AMERe] 71 2 Propeller Racing & ##o 2 3lo] fighike] RABAEMES
Haly 2AL Ko 2 slo] FHMEEE BAFEME Exd stk ol Mgkl FEME Eoot
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fEhEs FRE B/t 5% BRAFEE Er g BB sl 2 22 ohyzl, 5% Eoso}
Eo = Erc & #8314 driets, £ BRI #RY A9 FHiiee FEE Ersl Er 2 @8@st
= B He2, T ERd BREAEMTe) 2 MEE) RFABEREZN Ers 43 el
o &, ER M A4F " BEZE Erd @885 AR fEEEE o2 e
WAERES Bt £ Eell HES Fol FMEY 4+ USRS I Aolch

443 THLHERE B
Fig. 89 (@)~ )+ Le = 175m containerfife] #kes #i/7dE 16.1Knt(Fx = 0.2) 2} 22.14Knt(Fa = 0.
2159 Ao, e 9 Table 394 Jehle BRIKEN D2 ErS :t#ste] Erolol s

Sea State 6 Fn=0.2 (16.10knt) X Sea State 7 Fr=0.2 (16 10km)
1=7.60. H,=3.90 in still water 7-890 H-5.50 in stitt water
) Hpa=

000"
[ sasety rang [ Septy rang
L] panger rang [ Danger rang
(@ (b)
Sea State 8 fn=02 (16.10kn) Sea State 9 Fn=02 (16.10knt)
T=10.30Hp=7 10 i still water T=11.70, Hy=921 in still water

[T sepety rang
[T banger rang
© ()

Fig. 8(a)~(d) Evaluation of seakeeping performance of a ship in waves.
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HR7eH el T MM mitiEe FRERALY R ¥ R -2

st Jeld o 24, AR el TS BB 5 =8 Auto LISPE FAste] A%
3 FEE ]
o] ZFMEE= Ervs} zerod] #E¥SFE %%sty, Ervl BAEHEME Er & &BB8T 9 &R AL
2 PIESEE o] glolA, i EAEY MENCE P4 £ AES € 5 UARE Aot
aela, el wet Ersb Fo94 9loiA computer Fio| 5 EEs7| vt Radar Scope Lo
&% EEsle] FADCH, e, BE Fo| st KR BMS St Ao, ohS #EEl A @it
kA FEES A4 TEY 5 o, £2F $HEE dEshe d ERMEA ERAEY 2 5+ Ak

Sea State 6 ' Fn=0.275(22.14knt) Sea Siate 7 Fn=0.275(22.14knt)

T=7.60. H,=3.90 in still water T=8.90, H =530 in still water
180° (X
150 o8 50
06|
120 120°
0.
2|
090
T
060 60
Evb=0466
030° 30
000
I: Safety range L_:_] Safety range
:I Danger range Danger range
(e ®
Sea State 8 Fn=0.275(22.14knt) Sea State 9 Fn=0.275 (22.14knt)
T=10.3QH,,,=7.10 in still water T=11.70, Hx=9.21 in still water

08 '
1505 S50

0.6

120 120"

Er

030

000

] safety range [ safety range
‘:} Danger range l:, Danger range
® (h)

Fig. 8(e)~(h) Evaluation of seakeeping performance of a ship in waves.
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71X WS el weby #esle WHtEEE FEME Ere Ring Jdehile 2 EEe
B2 fAtEsEe] AP AR 23] Aozl RAFEE Ercolr).

4.4.4 LAl EHALHERE B

41, Fig. 82 @~ @DelA #KHe @A Fa=022 A$-o BRIk #ol oS #H2) G
tEgE FFEMEES EEstd 2d ofg5} 2o}

HRIKTE Beaufort No. 6ol #af2] fiffitkssS Head sea(y = 180°)9} x =30° [fifollA] ZFE(E7}
A vehts f@lhje] AR, 2 HEHdH £28 Aoz FEAL

{B5KAE Beaufort No. 7oA BRI eaufort No.6ell HslH a2 WHATIER: ZREME
7t 27, 2 fgAd Bl Excd: @@sAe 9o %53 Aoz FESc 94, Head
sea(y = 180°)2} x = 60° ~30°[fik ol A FEME7L £4 AR fEmre] ok

R Beaufort No. 8oil4j & x=180° ~140° |4} Er7} Erc 2 HEsled ffadt 4hEEQ Aoz
#Ir=l 7, Head sea friEolA] AEAMLCE 45°f2F #itsld 423 fEM) ZigsiA I < 4
At x = 60°~30" oM 2R3 HEEe) slout, Erel gro] Erol sl A falgflol ol
I ).

BFIARE Beaufort No. 9| IEMHE HEE BT 2 Hamd dad 2EHe kD A
S22 FEHT x = 90° MEelME Erstb Ercoll #isted Aol fbgfiiol ol=3 Q).

+2.2, Fig. 89 (©~MmAA #ENE BMAA #KF2] #3E Fo= 02752 #T8Hs 7 Sol
BRe| Wbl o AR FHLMERE FEMES EEsle 1dd gL o)

{BRIRNE Beaufort No. 60l A #3419) WS EHNES BMAASE 2 memo dald %2
22 FEPch Head seas} x = 30° HffelA thx Ersb AxE fffe] depts o], x = 60°
Hfsmell X Erzt AR AL e 28 Aoz sisdc.

BRIAME Beaufort No. 7¢4+ 4] Beaufort No. 6ol ]9} 7o] Head seas}t y = 60° Mol 4]
Er7l A= MEE BolAR, 2 diEfiel dax %23 Ao FEAc

BFIKME Beaufort No. 8¢l o] 2w, Head sea® #(#:0 2 A4k 45 &S x=60" oA fafast A
== FMEECh webd, MBS Eiste] EiRe MY gl x=140° LT sfojo} shul, y-
60° HEol = fEbist =S Quartering sead Wz YT E sof & 70|}

@RI Beaufort No. 9¢]l 41 & Following seaS [eitst 2 Hefgel sl Er7} Exc & #EiE3)
fEbgstAl vehdr}. Following seacll A %28 A2 FEHY Erv} Erol #EYS QEaoF o
7o)t}

Y, BRI Beaufort No. 8, 994 #KH2] #4T# S Fa=0.29} Fu=02752 M#isto] nw, i
FAKAE Beaufort No. 84 Head sea(y = 180° ~140°) el A= % 7o EF BT Ao $Es -,
x =60° HBEelAe fige) whE #Hol o fgsitte AL & 4 gtk =&, JERYEE Beaufort
No.9elM & F 7 Z5F 24692 HEANA f&kst= g, Beam seac) A finsko] =l Hel] %
%33 Following seasl| A} = #iisko] w& Ho] %%¢ Ao 2 Yehdoh oA HfitEs: WA K
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7R B AT AL TATIERES AEA2Y AR VY BR - 23

e st st 9 AWM R MES WEAAE AE wiFs fimste el w
FHahGE A & 4 AUk

4.5 BfESTE S| &t

BriEztE o [FHT BRAEE Ly = 175m containerfifol ™, 71 £EH-& Table 20| vehdich. BR
4rge Beaufort No. 6, 7, 8, 99 4iKTE FHAIKE oA FES P & EBRA AR F5
HIEme) Ak Table 32k 2} G TE MBI TR Avsgel HEA x & MEIEEES FE
30° 9] RO 2 ARREMZMA TAHS) kel il FHES W

THCESE TFEBES HEY uo) Meiks g MRAMEe BRAEEMERS o33 2] st

(1) 4t BRAME} PR EmMER

PR : Bk RLER KA EB-S EEslA] 43 Propeller 4£1%2] 1/30] ZFHisl= 3.9°F RF
2 At o] BFRELE Propeller o] whE #7 #@ho] B3 Time Historye] HE® RN,
2 @RS {E3EsH7] $18te] computerZ X st vebd Fig. 99 (@), (b)ellA Propeller thrust
7} QoA B2 Wsts I/Re = 0.691 Bholt},

Table 2 Principal particulars of a container ship

ITEMS DIMENSIONS
Length PP, Lpp (m) 175.00 - Wave
Breadth B (m) 25.40
Depth D (m) 15.40 \ - — X
Mean Draft dwm (m) 9.50 RN
Displacement Volume (m® 24,742 | lo \
Block Coefficient Cs 0.572 ¢
Length-Breadth Ratio L/B 6.89 Rp Y
Breadth-Draft Ratio B/D 2.67
Center of Buoyancy  1cb (%Lpp) 1.417
Hight of C.G. KG (m) 9.52 Fig. 9(a) Co- ordina}te syst(?m and and definition of
Metacentric Height ~ GM (m) 1.00 propeller immersion.
Rolling Period TR (sec) 18.00 T |
Radius of Gyration Kyy/ Lpp 0.24 T ‘ Forced pitch oscillation
Propeller Diameter Dp(m) 6.50 kg Fr=02 121395
Propeller Pitch Ratio ) 1.055 0.8

Table 3 Beaufort No. and wave characteristics

Beaufort | Mean Wave Period | Significant Wave 08
No. To (sec) Height Hi/3 (m)
6 7.60 3.90 0.4k l l ‘
7 8.90 5.30 B | /R
8 10.30 7.10 0.6 1.4 2.0 7
9 11.70 9.21
10 13.10 1150 Fig. 9(b)Time history of relation between propeller
) ’ immersion and propeller thrust.
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PR BEARER : X7 Propeller Racing2) IRF LR F—F 100e IRFEEREER 319t
(Table 1%:#)
@ teEES] IRRES BRBERR
FRFME : #%RIKRE Beaufort No. 6, 7, 8, 9, 100) 4 2] SEHEA 13} Heelinge #Fste] Mz i
Aol % R RMEEE AL Table 40 ehyl upe} e} 2

&\

Table 4 Beaufort No. and critical rolling angles

Beaufort | &k ERRA &Y | BRK

No. (m/sec) Heeling Bk A
6 12.4 0.9° 25.8° |
7 15.5 L4 25.2° 20 1o 20" ¢l
8 189 2.0° 24.5°

Dw : Moment Lever of

9 22.6 2.9° 23.6° Heeling by Steady Wind
10 26.4 4.0° 22.2°

Beaufort 10

Fig. 10 GZ curve and critical rolling angle.

iefiel ZZolate MmN B o, sy HEa BRHKAE<] Beaufort No. 108 o 2 a4
Fig. 10042} zo] g% Aol )%t Heelings #Fat msy tERA 9 BAERER 2275 B
FEZ st}
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