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Studies of the Seakeeping Qualities of Bull Trawlers

by Means of Field Measurements*

Hideyuki NISHINOKUBI

1) The study of seakeeping qualities has remarkably progressed in recent years, accompanied by

the great progress in the study of ocean waves. These studies may be considered to form a part
of the theoretical background of seamanship.

Concerning fishing boats, it is necessary to clarify the characteristics of their behaviors on
ocean waves not only for ship’s stability but also for safety during fishing operaions at sea. In fact,
the motions of fishing boats are affected by their fishing gear during fishing operations, and their
motions in response to ocean waves are larger than those of other types of ships, e. g. a general
cargo ship, in similar seaway situations.

With this viewpoint in mind, researches on the seakeeping qualities of fishing boats were
performed by making field measurements during fishing operations.

2) To be concrete, experiments were carried out aboard commercial fishing boats—bull trawlers
—in the East China and Yellow Seas. There are several kinds of bull trawlers there, ranging from
50 GT to 300 GT. These bull trawlers operate throughout the year on these fishing grounds. Using
a specially-devised wavemeasuring apparatus, the encountered wave heights and the motions of
fishing boats were measured on board a bull trawler during fishing operations. The methods of the
statistical analysis of stochastic processes were applied to the data thus obtained.

3) Measurement of wave heights (Chapter 4—1)

In the study of the seakeeping qualities of a ship, it is indispensable to measure the encountered
wave heights, and to obtain the relation between the motion of fishing boats and the form of oceén
waves simultaneously, during the cruising course.

From this point of view, the author devised a step-type wave measuring apparatus that could
be mounted on a midship side of a fishing boat, and that could measure the relative encountered
wave heights vertical to the sea surface at a given point of the ship’s body. As the observed wave
heights in this study include the components of the ship’s motions, the true encountered wave
heights were obtained by substracting the ship’s motions from the observed wave heights algebrai-
cally. There were some difficulties in the method of double integration of the recorded data of
heaving acceleration, but the author obtained a practically effective method. The error of

measurements of the wave heights by this method was estimated to be less than 10% in the range
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of frequency for the heaving motions of the fishing boat by the experimental way.
4) The wave characteristics of the fishing ground on the East China and Yellow

Seas (Chapter 4—2)

From the relationship between the wave periods and its height observed in this study, it
became clear that on this fishing ground both the wave height and the wave steepness were larger
in winter than in autumn.

The empirical equation was obtained as follows:

Ts=3.29vHus
where T,: Wave periods obtained by the zero-crossing method.
Hijs: Significant wave height.

The wave spectra in both seas were approximately similar to the spectra of the modified
Pierson-Moskowitz or the I. S. S. C. wave spectra, giving the following numerical spectrum model
of the wave as below:

S{w)=0.14HEs w1 (w/w)™® exp{—0.57(w/w.)~*}

where w,=27/Ts.

5) Short-term maximum distributions of wave heights and the motions of fishing

boats (Chapter 5—2)

In general the statistical distribution of data is difficult to determine, but when the process has
a narrow frequency spectrum, the data are distributed according to the Rayleigh distribution. The
distributions of the observed data were considered to be coincident with the theoretical distribu-
tion, and these relations were also affirmed by y? test. As for these statistics, the ratios between
each average of maxima and the theoretical standard deviations that were calculated by the
Gaussian distribution, respectively, were shown as estimated coefficients of maxima.

The linear regression equations were obtained between the significant wave heights and the
significant values of the motions of fishing boats. Based on these results, it became possible to
predict the maximum amplitudes of the ship’s response motions in short-term.

6) Long-term maximum distributions of wave heights and the motions of fishing

boats (Chapter 5—2)

According to order statistics, the root mean squares of maxima on the record of each cruise
were statistically analysed. The distributions of wave heights and heaving motions fitted well the
logarithmic-normal and Weibull distribution functions, while the rolling and pitching motions
fitted well the Weibull distribution functions.

By considering the above results, the probabilities of occurrences of maxima for both wave
heights and motions of fishing boats in operations could be obtained by the joint distribution of
Rayleigh and Weibull. These probabilities can be applied to the problem of the limiting value.
7) Frequency response characteristics of fishing boats at sea (Chapter 5—3)

As for all the data obtained by the experiments, the power spectra were calculated by
Blackman-Tukey’s method, with Akaike’s smoothing coefficients. Moerover, for each of the
encountered angles between waves and fishing boats, the frequency response functions were
calculated by the cross-spectrum analysis method. In this system of ship’s motion, input was wave
heights and output was motions of fishing boats. The frequency response functions were shown as
values of amplitude gain, phase shift, coherency and reliability for motions of fishing boats.

The forced rolling period corresponded to the free rolling period, but as for the pitching and
heaving motions, the peaks of power _coincided with those in the wave spectra of their frequencies.

As for the pitching and heaving motions, it can be said that fairly good estimations of
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frequency response functions were obtained. For example, it can be seen that the coherencies were
above 0.7 and the reliabilities were below 0.3 in the frequency range from 0.25 Hz to 0.05 Hz in the
heaving motions for beam and quartering seas, and that in case of pitching motions, coherencies
were above 0.6 or 0.7 and the reliabilities were below 0.4 in the frequency range from 0.2 Hz to 0.1
Hz. Therefore when the frequency response functions were calculated by the strip theory, the
so-called O. S. M,, it was found that the amplitude gains in both cases were similar, especially in
that of the heaving motions. The effects of fishing gear during fishing operations were not
considered in the calculations by the strip theory, and it may be assumed that the difference
mentioned above would be affected by them. Based on these results, pitching and heaving motions
were considered to be satisfied with linear for the ship’s motion system.

8) Estimation of numerical spectrum model of ship’s motions (Chapter 6)

The estimation of the motions of the fishing boats during fishing operation is the most
important for the investigation of the safety and the fishing plan of the boat. The author tried to
establish an empirical equation to estimate ship’s motion spectra, based on the ship’s response
spectra obtained by field measurements. Then the average spectra were deduced for the rolling,
pitching and heaving motions for each of the encountered angles between waves and fishing boats.
The average spectra obtained by the above-mentioned method were nearly the same over the whole
range of sea states experienced and all the heading angles, and these spectra were calculated by
the empirical equation of the Gaussian form. The non-dimensional spectra for each motion were
obtained by the least squares method, and given as follows:

For rolling motion: .

S(w)/(Hsfwr)=0.0830 exp{ — 21.3258( w/w: —0.9855)}

For pitching motion:

S(w)/(Hisfw)=0.0634 exp{ —11.8376( w/w:—0.9761)}

For heaving motion:

S{w)/(HfisJw:)=0.0647 exp{ — 11.6779(w/w: —0.9756)}

where Hys: The significant value of the motions of the fishing boats which would be deduced

by the significant wave height or the r. m. s. values of wave heights.
w1 The average circular frequency of the encountered wave to the ship in the pitching

and heaving motions, and the natural frequency in the rolling motion.
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Fig. 1. Block diagram of used system.
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Reel7)= Ml 5 r[{xm—

)

Mot Mot M-t
Ml—r{zixi”’x"i Ml—r at Ele}

(2+2-11)
TITT—IBMPREL, FHEOEFH 2L
BV AV LEDR VL E X,

M
P ;:iszf rLT
i=1

Rux(r)= 7 - & (2+2-12)

R Ry(r) bEHE SRS, iz D 2(8), #(¢)

DavarssahErnG, i/ VT4 R
U7 B AR o(1)=R(0)/RO)TREN B,
WIZARZ bV Sza(w), Syulw) ZAEBEREED 7 —

VBB THD LEREINE»OROATEHES NS,

SII(w)z'Z—”_./:wRI.r(t)eijwrdT ERASPS

Serl £)= [ Reelz)e™ ™ dr (2-2-13)

& 4t

Su(w)= o {Rzz( )+2,;§_:1§11(r)cos(2ﬂ~7—~r)

2m

+Rea(m) cos m} (2+2-14)

ZZTw=2xf, f= Z—ATZVC%Z) Lizd8o TR
N7 VRV YT 7RERER (4 0 b EE AR
KEAMEEE, TabbF4FA MEKEH Nyquist

frequency), wy= 27

T L OMET 7 DBROH

LEUmECHEL 7 S (0=0 Loy, Zox
m m
------ %(un, ey Dm+1EADE) TRKODB Z LI

%5, Tkbb, Aw——— BHBRTHRE VA ¥y

%{Ryx(rwkw( N BEU=

DEEEZEFH L, »pOSFEEEEENLLOLT S
1:HTH5,
ZHAAARY MV Syr(w) 1X

Svz(w)= Coye(w)+ jQuye(w) (2+2-15)

[Ssz(@)|={Cole( @)+ Quiba( @)} (2+2-16)
D EICZODERBE Cove(w), Quurw) TED &
had, 22T, Col@) 22 =27 5 4 (Co-
spectrum), Quuz(w) #27 +— KV A F 27 AT b
Z . (Quadrature-spectrum) » 15,

C0yx(a))=2%fom{Rw( 7)+ Ryz(— 1)} cos wrdr
(2+2+17)
Quyz(a))=2% om— {Ryz(7)+ Ryz(— 1)} sin wrdr

(2+2-18)
H(2:2°17), (2+2-18) THSD»R & ST Ru(7)
DrOEDHGBLUVAEOEI» 20 ZFh,

{Ryz(l') Ryx( )}

PHELTBLLERD B, %@*?e?MEE Rix(z) B
YU Ra(r) £33 E,

Rix(7)= Z(Ml T)[{Zyzn x;}

+{2 Ty (2-2+19)
Rt =5y { E e}
A{Mﬁlyx}] (2+2+20)

DR (2:2+19), (2:220) 7 —YIEH®T
H (2-2+17), (2-2-18) BROBFIZHE SIS,

COy.t(CU)A {Ryz(0)+2 Z Rix(7) cos (27[2—1>

+kh(m)am;%} (2+2-21)

Quix(w)= at {ZERW:( )sin(Zirﬁr)}

(2+2-22)
R (2-2-14), (2-2-21), (2-2-22) CEHEZN
72 DITVb® 3, £D AT b5 A (raw spectrum)
EVbid DT Wolw) DEERZT TYRAADRK
EVEDELELHZARY PLTHDB, ZITIN
iz Table LicRT &5 274 Foizdkh, @R
~ 2 k5 A (smoothed spectrum) HHEE N3, T
zhb,

: ) ~ —
Szr(w):ngz_kans.zz(lm—m . —QZALZ‘) (2+2-23)

Syy(w):n:zk_kdnéyy(a)) (2+2-24)
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Table 1. Spectral window coefficient (ay).
window an a, a,=a_, a,=a_, a;=a_,
W, 0.5132 0.2434
W, 0.6398 0.2401 —0.0600
W, 0.7029 0.2228 —0.0891 0.0149
Q 0.64 0.24 —0.06
Hamming 0.54 0.23
Hanning 0.50 0.25
k A~
Coyz(w)= ZkanCny(a)) (2+2+25) T2,
"_; (1) EBFHOF®E
Quyz(w)=n§kanQuyx(w) (2+2-26) EEM TEA] OEBRKRE IR Table2 w /"3

INOBRDART MVBSRO SN Er s, BHEHK
RIELEE Hio)|, BEBMEGE (o) B L U2
t—v A YHw) 3FREFNRROEY TH 5,

|Hyz(@)|= Sye(@)/Sze(w) (2+2-27)

A(w)=tan™"{ Quyz(w)/Coyz(w)} (2-2-28)

7 (@) =|Hyz(w)f { Sl 0)/Szz(w)} ™
(2+2-29)

B3IE EMEREZE

MO EMFHER % 1T B8, BEEORSPKRE
e EDBIMIETRRIR G M4 Th 2 FEHEIIC b7z
BYThH2, BEOOMEFEEDHEWR—ZXTD5E
EREEHBRILEELRVEMS, ANELTEY
BEOHRIHIIATRETHS, LLLEHRELLT
DIFNSRD L, BERELBRERL -FER»S
B0 EE R AT 5 2 L BHRNIEHRO LKL
REMGERECER LS,

% 2T, BREEEEOETHRICNT 2 o Est
S E/T A—F L LT, MEOEEGOES), i
BELLHENSELE COBREROLIITE, M@
FETB L UARY P VENTBEFIER T DS T 40
FTA MDD EMEREITH 72,

B1E EBM 8K (& »EE(4L)

I OEBRTHARLENIZIR—E L RSN 2GR
A, EEEHL THROEB2HBET OEZ T8AR
EROTHET 20wb0 % 8 AMERBREZTo72. 2
STBILICLY, MIZBIE—EDARY P ERED
THAFEP THEWARSERBOM O KRB E1T-
Irihb, Lo T—ENER, BREMGTT
MOHBOECETROBEOELERD B 2 Lt

<, RE#ES 2 BEFOBEICB VT, FIKB.0/ v
M TiThi/:, YHOWRIZEREHR3, S0b 2,
ERFERB LI RO FALIFIZEL L EHE, &
W4 5m/ B ThH o7z, EREHEMREFRRELT
80cm DFTCHEL, HEN-HEIL Gy ELvu s
7 7 RIRECER S L7z, EfTELERD 5 4t =05 kR
2, ZOHREEFAN > THLRIMEORRTIT —
FUETLTARY VT R{To72. AT FVESE
¥(5 780 B60TH B85, 77508 X U12005E
& Table l X/ RLZFMOD AR by 4 > R W,
W, Ws D 3RIZ DOV TDRER% BT L 72,

(2) BRBLIUEBE .
ARY PV, BonRRIIT—5 0
HETRFEOTERD 7z HFEES M R ATz, 2 DRER
% Fig. 2 wRL 7z, MEESORIBORTHEEICD

Table 2. Conditions of R. V. Kakusui
through the measurements.

Principal dimension

Loy 14.80 m

B 3.32 m

D 1.52 m
Gross tonnage 19.95 t
Displacement 4.10 t
Draft

F 0.95 m

A 1.80 m

M 1.375 m
Metacentric height

GM 0.416 m
Main engine 110 HP
Ship’s speed 8.0 knots
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Fig. 2-1. Statistical distribution of rolling
amplitude on various courses
toward the wind direction.
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Fig. 2-2. Statistical distribution of pitching

amplitude on various courses

toward the wind direction.
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Fig. 3-1. Auto-correlograms of rolling and
pitching at head sea and following
sea.
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Fig. 3-2. Auto-correlograms of rolling and
pitching at bow sea.
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Fig. 3-3. Auto-correlograms of rolling and
pitching at beam sea.
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Fig. 3-4. Auto-correlograms of rolling and
pitching at quartering sea.
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Fig. 4-1. Power spectra of rolling and pitch-
ing at head sea and following sea.
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Fig. 4-2. Power spectra of rolling and pitch-
ing at bow sea.
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Fig. 4-3. Power spectra of rolling and pitch-
ing at beam sea.
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Fig. 4-4. Power spectra of rolling and pitch-
ing at quartering sea.

W, NEEP(42) B L URA3) 2 & - TEHS
E%Té EHRHIONTEY, EBROBSZTNLTH
ERSRERL T3,

AR MVERIZE B a1V 0l I ABLI U —R
~7 b vEZFpFN Fig.3 RO Fig 4 iom L7z, £
B KT oEEETIC BT A BESERERICRES
NBEY, RERRICTL TR AEp» S 2T
2HBE, Thbb, HELIBEGRDELE D Bow
sea), 90FE X 2708 (BE% : Beam sea) & UN135F & 225
B (Bl © Quartering sea) D Z N FNDBHED
B, RIER HEREIEIZIEE L,

NS DIEREEED 5 L HIRSR O K E LS IIE
BhicowTid, SOBWEOHE TROL THEEDS
BTHD, FREALCOVTIE, MENHEE, T4b
b AL (Head sea) RO THROMVEDIETH o7z,
BREAGSKESEFBERDRI DR T LREKRLEE L
LT, £ TRIDEBLWEILETZINER] tEbh3
2, ZOBER»SHERDBEBVIREDOBREN L {5
»5, £, MOBORIEIERMOERE»5Z )25
BLAEB» ORI BHBE L TR ZOBROKE S Ml
DIENEEDIGHEDELARDO—HD RS ITHAPPE
v, IHEFRDEBOETOBRELOREEREERLT
VWBHDEEZLND, FIEORL /DS VERIC DL
Tid, BEAOBEIE, AVERC TR AL, #it
BhizonTid, BEROTHNOELERTEVE
(Following sea) DFETH 3.

Az onTid, BRADBERIL oKL
DIZIZT.SRHGEICHS R -2 BRON, 2O —

FEFEMOBENERTRRLBEbh s, fHEhoF
BHEENEELRZD, 205 3HOE - Rbh T
3, INHDE—7 EENTNHROBFEN, BEEAD
EERAHEVELOHEEVWAEBERT O L Bbh S,
BMEAEERRC DL TEBELEERARO L5 wHE
ETERL, DLARLOHSVESPEZCELI
T3,

BAER T M IVEBITRER D & D B & O XSO
EETHRLEREOEN IS oD, AR
MV ESFEE B TH S BT E N,

RIEEEIDBKED 5\ IZB/IMEDEES ML L A
) —S3FHETIEPLEB S 2 & 3 Longuet-Higgins (28)
® Jasper () DI L > THIO N T3, O
R, BHWS) I I NIHEICEDERETH, Thbb
A MYy PRI LD ZOEIAD T X — 5 EERD
(3+1-1) RK(28) IR T & 5 AEES D HERFEE
PHETE S LTS,
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Table 3. The calculated angle, period and number of heavy movements from each power spectrum of
rolling and pitching movements.
Rolling
R.-Co. o? B B Omax e 4% T Bmax Q(x>x;) Ne No
0 1.94 1.74 2.78 3.55 4.48 5.39 7.5 5.4  6.76X107® 0
45 4.62 2.69 4.30  5.48 6.92 8.32 6.0 9.4  9.86x107* 0.2 3
90" | 17.41 5.22 8.3¢ 10.64 13.43 16.15 7.5 11.0 0.159 23.4 25
135" | 22.13 5.88 9.41 12.00 15.15 18.21 8.6 13.0  0.236 30.2 33
180" | 12.43  4.41 7.05 8.99 11.35 13.65 8.6 11.1 0.076 9.8 11
225" | 28.50 6.67 10.68 13.61 16.19 20.66 7.5 15.2  0.326 47.8 46
270° | 17.20 5.19 8.30 10.58 13.36 16.05 7.5 17.5 0.156 22.8 28
315 4.52  2.66 4.26  5.43 6.86  8.25 6.0 7.0 8.71x107* 0.2 0
Pitching
-0 6.21 3.12 4.99  6.36 8.03  9.65 .8 7.5
45 3.60 2.37 3.79 4.83 6.11 7.34 4.6 7.1
90° 1.3¢  1.45 2.82 2.96 3.73 4.49 6.7 3.5
135 2.07  1.80 2.88  3.67 4.63 5.57 10.0 4.8
180° 2.06 1.79 2.86  3.65 4.61 5.54 12.0 4.1
225° 1.83  1.69 2.1 3.45  4.36 5.24 8.6 5.1
270° 1.52 1.54 2.47  3.15 4.00 4.78 7.5 4.3
315° 4.56  2.67 4.27 5.4 6.87  8.26 4.6 8.4
Note ; R. Co. : ship’s relative course against the wave direction
o? : variance of the ship’s movement amplitude
G. : arithmetric average of amplitude
fs : significant value of amplitude
fmax : average of higher amplitude of 1094 throughout overall data
6 : expected amplitude at 1% probability
‘s . expected amplitude at 0.19 probability
T : dominant period of ship’s movements
Omax : Observed maximum amplitude
g (x>X,) : probability of rolling angle x above a given heeling angle, x,=tan'(f/0.5B),
where f is free-board of the boat at the measurements and B is the maximmum
width of ship’s hull
Nc : calculated number of the above heeling from q(x>x,)
No : observed number of rolling angles abov x,
¥ oy A =1.250 . g(x>x)=exp(—x?/20%) (3+1+2)
1/73)  BARFHECEEE =2.000 g(x>r)IZoWnT, x #BEENLAELL, uBRIGR

(1/10) Vi =2.550 (31-1) .
(1/100) N =3.220
(1/1000) i =3.870

ZITERITECLIOMEERABIL L 508
()i, E—HT2 20 Z», 22 TH(3+1+1)
RicFig SCRULLERBBRERO ST ERAL,
REEEOEAFELHE L 2. ¥ 5icFig 2icr
i & 5 I RERENE DR EEE DRSS
EHSRIMES 25 (31 2)RDWIIL, FAR
DOBROBAREN—EEEBL2EELHETE
3 (45).

NBRECREEBENIC 8L L, ¢RHEEL, T4
bbb, “BK OMEEIE0.5B=1.66m) & EEAFD
g (£ =0.23m) 5 5, MHPEIER LSS, BRI
O _EEREEASAKE EEL 20, R ECEKSE
ALED ZAE (n) E#E KT ThNIE tan n=2- f/B
THY, n=8ELid, BETHUEH T RO
EDT TR BT 2 #EKFTiAA (Deck wetness)

RHET S X TATRRL, Thbb, HOWEK
TAAOHEDT: DI, BHOBEZXYT 2 MHE
HORERTETALERD L, L L2 TR
EELT (3+1-2) RIZLVHETEINI-FERLSE
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Table 4. Principal particulars of No. 97 CHOYO MARU, No. 23 TOKAI MARU

and No. 51 TOKAI MARU.

No. 97 No. 23 No. 51
Choyo Maru Tokai Maru Tokai Maru
Length (0. A) 36.730m 38.955m 38.955m
Vi (Reg) 32.200m 34.000m 34.000m
Vi (P. P) 31.80 m 33.60 m 33.60 m
Breadth (M) 7.00 m 7.30 m 7.30 m
Depth (n) 3.35 m 3.40 m 3.40 m
Draft (n) 2.90 m 2.95 m 2.95 m
Gross tonnage 197.12 t 193.94 t 193.94 t
Displacement 438.20 t 507.50 t 507.50 t
Capacity Hold 178.58 m?® 173.00 m? 193.00 m?®
N F.O0.T. 104.15 m® 151.00 m® 162.49 m®
Vi F. W.T. 14.20 m® 10.00 m® 9.85 m®
Main Engine (Diesel) 650 ps 1000 ps 1000 ps
Speed (Service) 10.00 Kt 10.50 Kt 10.50 Kt
»  (Trial Max.) 11.00 Kt 12.22 Kt 12.22 Kt
Complement 16 p 16 p 16 p
Block Coefficient Cb 0.663 0.680 0.680
Prismatic Y Cp 0.705 0.712 0.712
Midship Y] Cs 0.940 0.951 0.951
Water plane Cw 0.910 0.940 0.940
5B 0.84(A)m 0.98(A)m 0.98(A)m
FEBOFARFMNTO¢DFEEEHR(NI%E (3+1+3) D t#g
RICLDEIEL, (1) EBRO A%

Ne=(N-4tT)2-q (3-1-3)
IIT, NRF—F81100), At &7 — 7 HAHHD
R (0.5%) BLU TRV —ANZ bV EORDT
BELOFHEMTH 2. —H, Td 5 qDRER
(No) 22 TE LB LT, ORI, Table3 iz
MDA L HITR LB, Nk Noid & {—H
L7z, ‘
E28H LBAERMEAMC L »E846)
EER BT k3 EMEROGE, BRRED
B, FBHICRERERL L TOBRIzE 2 ARy
PUVBREBE TH o, 2 THEBRMICERL
ERIZ L 2 EBROTREN L ER FOMES2HS »IT
T5:%, SHERERET k., 2LBEHROBEER
HD B & ZEMORAE FHT 5720 OBEFEE
FRBTHESPIEEEPIZDOVT, KO 3 IO
TRETL 72,
@ MEEEHARY Fh s B BREAEROE
BHRE
@ BEPEREPOEEOLE
@ BAKE, BEREBOEEE TO L TIEE

KERI AW RERB AT BUAEE L AHRMREITR
BN, F2SRUESIFBEBILICERL TiTo7z. BITE
BEALDEERIIIITIEI2AS0E~19726 1 A 5 HO#i5
~OEFE R MREEREBIC D W T Tb Tz, $51ENE
HOEERIFI972E 5 B 1 H~ 3 BOBRBADOENEFSL
TRz OWT, Fl&xtE 583 H~5HIIbT:
D FW2IHBFBALDIREEFC DV T{Tb LT,

SHAEB RN, HELBIUVLETEBELTET
HEEED 3 EENC D THEEIZ 30 TEH L @R
L7z, #HEMIE 3 ERICEBRBETIZIZZELL YT
H2, FEHIZDWTIE Tabled o R4BY TH 5.
AT MVEBITIZ B 5 —FBRY- VDT - H
1388018, FAH Y BSHEIRR 4t=0.4%, 7 7 H1360T
H5,

(2 HEBIUEEZ

@)—1 EBAR~<7 t s R BREHEED
EEMNEEICDONLT

SR RFAIREE TH & OFEXTSHERL0EE (RIva %), Al
B 3 (WMO 22— K3700) 2DWwT 2, %4
ERETHOMAMOE, BREHR4COVWTIEB LT
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Fig. 5-1. Power spéctra of rolling during
homeward voyage at head sea, sea
state 3, about 7.0 knots.
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Fig. 5-2. Power spectra of pitching during
homeward voyage at head sea, sea
state 3, about 7.0 knots.
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Fig. 5-3. Power spectra of heaving during
homeward voyage at head sea, sea
state 3, about 7.0 knots.
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Fig. 6-1. Power spectra of rolling during fish-
ing operation at bow sea, sea state 4,
about 3.5 knots.

pec?, SEC
PircH.
/R\ 042=7,036
Y ® . =2,0u4
0} | © 4 =2,356

0 12 6 4 3 2sEC,

Fig. 6-2. Power spectra of pitching during
fishing operation at bow sea, sea
state 4, about 3.5 knots.
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Fig. 6-3. Power spectra of heaving during
fishing operation at bow sea, sea
state 4, about 3.5 knots.
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Fig. 7-1. Power spectra of rolling during fish-
ing operation at beam sea, sea state

2, about 3.5 knots.

DEGY, SEC
PITcH,
7 -
042=1,228
o =],461
6 © v =1,469

2sEC,

Fig. 7-2. Power spectra of pitching during
fishing operation at beam sea, sea
state 2, about 3.5 knots.
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Fig. 7-3. Power spectra of heaving during
fishing operation at beam sea, sea
state 2, about 3.5 knots.

BEORBER 2 oW T 3EDEERESSEON
IO TERERBBEE OV THRERT 5, 72K
AT 4y a v ERPESE I Z 0RO
RhrolzbDL UTESRLL,

a) EVEREOBE

A7 N VEEITIZ X B HEREN, RHENB L ULTE
DT =27 % Fig. 51077, AR L hid,
2 B EERC B BHEENL L FTENIIRES £ UEH
EHIFIEFELY, LR v T, BHRE
LW HSRIBMEIR 8 (0%) OIED» S 4 5 L0 4EDED
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LZEMED A2 V% Fig. 6 10RY. 3EOHAIESE
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ZOBIENDOER, BEESTHEAIZEREERD
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Fig. 8-1. Power spectra of rolling at quarter-
ing sea, sea state 4.
A : during fishing operation
B : during outward voyage
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Fig. 8-2. Power spectra of pitching at quar-
tering sea, sea state 4.
A : during fishing operation
B . during outward voyage
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Fig. 8-3. Power spectra of heaving at quar-
tering sea, sea state 4.
A : during fishing operation
B : during outward voyage
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Fig. 10-1. Power spectra of acceleration dur-
ing homeward voyage at head sea,
sea state 3, about 7.0 knots.
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Fig. 10-3. Power spectra of acceleration dur-
ing fishing operation at following
sea, sea state 2, about 3.5 knots.
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PART A: MEASUREMENT OF SHIP'S MOTIONS AND RELATIVE WAVE HEIGHT,
B: ANALOGOUS CALCULATION FOR INTEGRATION OF VERTICAL ACCELERATION,
C: DIGITAL CALCULATION TO DELETE SHIP'S MOTIONS FROM RELATIVE WAVE HEIGHT,

Fig. 11. Block diagram of calculation for encountered wave height.
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C: D/A CONVERTER (MEASUREMENT CIRCUIT).
D: RecorDer (DATA RECORDER,cD-3100)

E: POWER SOURCE (FM~5H,3vx5 AND 3Vx2),

Fig. 12. Block diagram of wave measurement
device.
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Fig. 13. A cross-sectional view of step-type

wave measurement device.
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Fig. 14. Sight of outfit of wave measurement device.
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Fig. 15. The circuit of differentiation and
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_Table 5. Calibration value of the step-type wave measurement device.

Step No. Wave height Voltage Step No. Wave height Voltage
(cm) (v) (cm) )
0 0 0.00 2% 208 3.49
1 8 0.13 27 216 3.62
2 16 0.39 28 224 3.75
3 24 0.51 29 232 3.88
4 32 0.64 30 ' 240 4.01
5 40 0.77 31 248 4.14
6 48 0.90 32 256 4.27
7 56 1.03 33 264 4.40
8 64 1.16 34 272 4.53
9 72 1.29 35 280 4.66
10 80 1.42 36 288 4.79
11 88 1.55 37 296 4.91
12 96 1.68 38 304 5.04
13 104 1.80 39 312 5.17
14 112 1.93 40 320 5.30
15 120 2.06 41 328 5.43
16 128 2.19 42 336 5.56
17 136 2.32 43 344 5.69
18 144 2.45 44 352 5.82
19 152 2.56 45 360 5.95
20 160 .2 46 368 6.08
21 168 2.84 47 376 6.21
22 176 2.97 48 384 6.34
23 184 3.10 49* 392 6.46
2 192 3.23 + No.49 : 6.46 V /392cm
25 200 3.36
R.WAVE H.
MWWW
WWWWW/\/\/\W

PITCH.

ANNANAN S AN SN SNV

ROLL.

VA AVAVAVSAVAVAVAVAVAVAYER AYS

H10sec

Fig. 16. A recorded sample of ship’s motions and relative wave height.
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Fig. 17. Bode diagram of the transfer function.
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Fig. 18. The response characteristic, coherency and reliance between acceleration
and displacement of the heaving by approximate integral method.
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Fig. 19. Power spectra of ship’s motions and
encountered wave height.
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Fig. 20. Distribution of wave height variation.
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Fig. 21. Fishing area of medium trawler
(bull trawler) west of 130°E.
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Fig. 22. The relation between the wave period
and wave height at the East China and
Yellow Seas.
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Table 6. Data list and significant wave height.

i Hys State of sea
Heading angle
Exp. No. 3 4 4 5 5 6
Hy, 1.11m * 1.92m 3.07m 3.93m 5.47m
Head sea
Exp. No. 66 9 13 102 94
Hys 0.95 * 1.92 2.79 * *
Bow n
Exp. No. 50 42 28
Hys 1.16 * 2.05 2.94 3.48 *
Beam Vi
Exp. No. 16 43 84 79
. Hys 1.11 * 1.94 * 3.37
Quartering 7
Exp. No. 17 36 30
. Hy;s * 1.32 2.21 * * *
Following 7
Exp. No. 61 29

H,,; : Significant wave height.
Exp. No. : Experiment number.
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Fig. 23-1. Power spectra of encountered wave
height for various sea state at head
sea.
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Fig. 23-2. Power spectra of encountered wave
height for various sea state at bow

sea.
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Fig. 23-3. Power spectra of encountered wave
height for various sea state at beam

sea.
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Fig. 23-4. Power spectra of encountered wave
height for various sea state at
quartering sea.
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Fig. 23-5. Power spectra of encountered wave
height for various sea state at

following sea.
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Fig. 24. The relation between the significant
wave height (H,3) and standerd devia-
tion of wave height (6=ymo ).
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Fig. 25. The nondimensional spectra of wave
height.
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Table 7. Principal particulars of No. 27
TOKAI-MARU.

Principal dimension

Lpp 33.60 m
B 7.30 m
D 3.40 m
Gross tonnage 193.14 t
Capacity
Hold 179.72 m?
F.O.T 133.84 »
F.W.T 9.88 »
Draft (light condition)
F 0.73 m
A 3.29 »
M 2.01 »
(displacement) 275.31 t
Main Engine (Diesel) 700ps X 670r/m
Block coefficient 0.580
Prismatic ] 0.630
Midship Vi 0.922
Water plane » 0.744
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Fig. 26. The lines of the bull trawler (1/200).
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Table 8. Off-set of the bull trawler.

HALF BREADTH

No. BASE | 0.25m | 0.50m | 1.00m | 1.50m | 2.00m | 2.50m | 3.00m | 3.50m | 4.50m | 5.00m | UPPER | F'CLE |BULWARK
OF DECK | DECK | TOP
ORD. |LINE|W.L.|W.L |W.L |WL|WL WL |WL|WL|WL|WL| SL | SSL | LINE

=

1.785 | 2.690 | 3.073 | 3.367 | 3.470 | 3.335 3.465
2.190 | 2.918 | 3.251 | 3.504 | 3.543 | 3.460 3.570
0.297 | 0.473 | 0.666 | 0.682 | 0.421 | 1.055 | 2.562 | 3.135 | 3.431 | 3.620 | 3.634 | 3.580 3.640
0.567 | 0.828 | 0.982 | 1.115 | 1.320 | 2.100 | 2.894 | 3.321 | 3.554 | 3.650 | 3.650 | 3.640 3.650
0.749 | 1.050 | 1.249 | 1.583 | 2.065 | 2.690 | 3.185 | 3.474 | 3.620 | 3.650 | 3.650 { 3.650 | 3.650
0.871 | 1.275 | 1.590 | 2.142 | 2.640 | 3.085 | 3.403 | 3.585 | 3.648 | 3.650 | 3.650 | 3.650 3.650
1.000 | 1.915 | 2.477 | 3.080 | 3.378 | 3.545 | 3.625 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650 3.650
0.987 | 2.730 | 3.203 | 3.540 | 3.640 | 3.650 | 3.650 | 3.650 | 3.650 v3.650 3.650 | 3.650 3.650
0.150 | 3.205 | 3.524 { 3.650 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650 3.650
2.250 | 3.340 | 3.615 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650 3.650
0.840 | 2.578 | 3.195 | 3.438 | 3.560 | 3.616 | 3.643 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650 | 3.650
1.350 | 2.150 | 2.592 | 2.892 | 3.110 | 3.276 | 3.405 | 3.569 | 3.615 | 3.435 | 3.650 | 3.650
0.750 | 1.500 | 1.960 { 2.310 | 2.582 | 2.807 | 3.000 | 3.310 | 3.428 | 3.090 | 3.574 | 3.609
0.317 | 0.860 | 1.238 | 1.560 | 1.851 | 2.110 | 2.355 | 2.808 | 3.011 | 2.532 | 3.326 | 3.424
0.060 | 0.295 | 0.512 | 0.727 | 0.956 | 1.200 | 1.452 | 2.007 | 2.299 | 1.737 | 2.850 | 3.055

=
]

—
= SR B N T
X

oo
'UN\H«:N\HOO =

eI

0.079 | 0.250 | 0.787 | 1.139 | 0.570 | 2.020 | 2.370

HEIGHT (ABOVE BASE LINE)

No. 0.50m | 1.00m | 1.50m | 2.00m | 2.50m | 3.00m | 3.50m | UPPER | DECK | F'CLE | DECK [BULWARK
OF TOP
ORD. B.L |BL|BL|{BL|BL|BL/|{BL|SL | CL | SL { CL | LINE

A 2.280 | 2.323 | 2.421 | 2.578-| 2.846 | 3.377 4.312 | 4.440 , 5.935
A.P. 2.145 | 2.207 | 2.290 | 2.427 | 2.658 | 3.095 | 4.471 | 4.193 | 4.330 5.893
1/2 1:267 | 1.987 | 2.106 | 2.246 | 2.465 | 2.850 | 3.603 | 4.045 | 4.190 5.830
-0.061 | 0.548 | 1.673 | 1.950 | 2.216 | 2.600 | 3.349 | 3.912 | 4.060 2730
-0.155 | 0.198 | 0.882 | 1.445 | 1.845 | 2.285 | 3.065 | 3.793 | 3.943 5430
-0.170 | 0.071 | 0.425 | 0.878 | 1.360 | 1.895 | 2.725 | 3.690 | 3.850 2120
-0.118 | 0 | 0.123 | 0.281 | 0.514 | 0.907 | 1.834 | 3.530 | 3.680 4-5%0
-0.058 | 0 | 0.061|0.120 | 0.191 | 0.360 | 0.903 | 3.430 | 3.580 4.330
0.025 | 0.061 | 0.096 | 0.132 | 0.168 | 0.204 | 0.465 | 3.400 | 3.550 | 4.300
0.125 | 0.157 | 0.197 | 0.232 | 0.268 | 0.323 | 0.690 | 3.422 | 3.572 4993
0.257 | 0.297 | 0.348 | 0.470 | 0.770 | 1.715 | 3.500 | 3.650 | 5.690 | 5.840 | 5:339
0.525 | 0.385 | 0.563 | 0.871 | 1.376 | 2.230 | 4.000 | 3.645 | 3.780 | 5.750 | 5.909 | 5.890
0.412 | 0.602 | 1.000 | 1.551 | 2.340 | 3.495 | 5.380 | 3.749 | 3.860 | 5.799 | 5.943 | 6.000
0.640 | 1.171 | 1.901 | 2.782 | 3.805 | 4.972 3.875 | 3.950 | 5.850 | 5.977 | 6.120
1.460 | 2.590 | 3.588 | 4.487 | 5.337 | 6.157 4.015 | 4.050 | 5.916 | 6.012 | 6.240
4.815 | 5.432 | 5.975 4.150 | 4.155 | 5.997 | 6.055 | 6.350
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Table 9. Principal dimension and conditions of the bull trawler.

Fishing boat M-Maru D-Maru 27T-Maru 23T-Maru 51T-Maru 97C-Maru

Lrg 29.60 31.00 34.00 34.00 34.00 32.20
Lpp 29.30 30.60 33.60 33.60 33.60 31.80
B 6.30 6.70 7.30 7.30 7.30 7.00
D 2.80 2.85 3.40 3.40 3.40 3.35
GT 114.29 134.72 193.14 193.14 194.02 197.12
M. Eng. 700 780 700 1000 1000 650
Disp. 205.240 223.513 277.490 276.650 279.880 254.960
Draft 1.983 1.890 2.028 2.020 2.045 2.053
GM 0.900 1.209 0.710 0.800 0.890 0.670
Trim 1.915 2.180 2.684 2.745 2.873 2.510
Cb 0.630 0.634 0.582 0.582 0.583 0.565
Fb 1.140 1.231 1.602 1.610 1.578 1.544
Tr 7.38 6.91 7.49 7.44 7.33 7.67
Kr 3.528 3.779 3.140 3.310 3.430 3.050
L/B 4.651 5.567 4.603 4.603 4.603 4.543
L/D 10.464 10.737 9.882 9.882 9.882 - 9.493
B/D 2.250 2.351 2.147 2.147 2.147 2.090

Table 10. Chang of conditions of the bull trawler.

Condition Disp. Draft GM Trim Cb Fb Tr
Light 275.310 2.018 0.580 2.560 0.580 1.610 8.29
F.L.P 483.830 3.000 0.940 1.520 0.670 0.652 6.51
F.F.L 451.480 2.860 0.880 1.560 0.650 0.792 6.73
F.LA. 415.160 2.702 0.690 1.790 0.640 0.967 7.60
EHA. 307.320 2.185 0.540 2.840 0.595 1.452 8.59

*Fishing boat : No. 27T-Maru

dim)
3.0

N2o 0134 »
05 6194 -

Nio

i M
’_" 1 L 1 1 k > 0 1 1 2. ]
05 20 25 30 (£ 200 300 400 A 500ton
Fig. 27. The relation between the draft and Fig. 28. The relation between the extinction

(k/B)2 coefficient (N) and displacement(4).
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WEAEE L, EMERCEL LTHLE
#13194GT B No. 27T—Maru TH 2D T, DR
DO—fEEE LK ER 3 5 BOHERE, Thbb,
B, MR, B, WERAES L UCEBRAER
BB BHEKE, BK, GM, M)A, BiEnEL
It £ OEHEE® Table 10 2R3, FAFE X D HRBO

BENEIZ6.5M0» 58 6DO&EHM TH 2B 8305,

BEKZSALEER I22.20m~3.00m, b Y AIZDWTIRL.S
m~2 8mOFETH B, N SHERBICHTL, Ei
EERETo 2 3MBICBT 5 Mo AEE TOER
3K TI32.58m~3.05m, b Y ATi31.93m~2.50
MOBETH oI, Liztso> TEAHERETS 5
P, PYAZOVTREBTRIEEL Y KEWIKRET
EIsnTwiz, BB TOBKB LU N ADEE
HEMOBE, BRI L S hiEn s TR L RkENT
CREVBOCHETH S, L LED CHERSER
BERICERL 72,

Wiz, 114GT B, 134GT #1 & 11194GT Mo 3 BB
D> & A E TOFE7: 5 EHEIRRRIC B 1T 2 iR
PHEELE L AFEMEEENAIC DL TTI 20,
BREYEEL N RBOFEET- 7.

(1) EEAEDEE

REEESFTEERERIOREEEERICLY,
gD (62) 2 AW TITo 7. Z D#EER % Fig. 27 10R
T, FER»5114GT B = 134GT Bz b D EHD
BVELHDIBLAYELL, 194GT MO BsBEL B
EERLE, L LBEREBR{T-=2.01-4//GM)
i, R o NIBEEE (k) EGMbSFHET 3 L 3
BEEEOZ S TOHEREICB W T0.4H~1.58 L
NE otz - FERARHOEHEREEOZE
By/ha <, FAIRT.3H~8. IMOER TH o7z,
no0FEL Y DAEREEROBERILATREI 2R
BizbrDRZE R BEELLEELONS,

(2) N fREEH

NEBOEITEL-H £ (63, 64) D% AT
T3, ZOER% Fig. 281057, AR & 3EBOLL
FESRBEBROEHEREC BT 2 N REOHEM I
N1e=0.031~0.050 3 & U N2o=0.023~0.037 T HE %k
EoEMeFLT N RELERLTBY, ZOEAME
M 3B ICE L, 7 BB, FAfikER
B S N FEHHIZIEZEL» o7,

EFERMEHATO N BEIZ—#§i0.02- 3 T3
2, DFEBERGRAO N Rz hiclRiz s »ic
REWEERL,

IRIAO FERIFE F TORABENARRORTRE

ns,
_ _ Tow — r Huo
Omax=0.70syn =0.88,/ N =4/ 138.5—N Tw

(5+1-1)
ZIT, Oon BUA L MOBENEERENE L
BEOEFARSEENA, » IEMFERRE, 0.3

%x&@ﬁ@mxgg)ﬁvau:N%&f@a.

7 I CHEMBESHER r 2 DowT b N R
ZLLEMOREHERE BT, ELDOR(65) 1 &
DEFELA (5:1+1) »5114GT &, 134GT B &
U'194GT B 3EBIZ D W T EKEEIRETD Onax ¥
BEf L7,

ZDHE, G KOVLTIHEE -BEOKREE (8
1FEE2E) 2o, HBEERBEMO EINERELE
HFELLWIWOEATHE AW, T42bb, Tu=
320/H; D Tw=8Br¥ThiE Hi=6m&i3,
IDEEDHERW Lu=156T;» 5 L=100mTH 3,

R(511)icKkKDSNI N, v, Ho BE U Lo %
RAT 3 & 2 EREBIZ OV T Onax 13, 114GT BT
12.3E~18.1%, 134GT M T12.8E~18. 1B L U
194GT BT9.6E~17.0E B ES Nz,

s DR & IR RMERITOMEFEL AR
BT, 3EROEIR/IE  AF#EERRCIBNLT
b9.6E~18. 1FDOHHETH Y, HENAYRFIERL,
2 TOLABERMERIC DV TAZEE R IBIFE LY
rEZLND,

Lieho T, REIU TR BWTHT 2 EBRBEIZ194
GTHIZ L34 DTHBH, EHEEL LTI
ERfEERcEBELTHEOGNI 2 D LEZ S,

H2H MMEEBIREREORET B (66)

KBS THLHNE - HBEELFEY Y T oKL
EHAD 2 HREVERVEBRL, HREHcL T
—ERTHEERENELH L OEETH S, 22 TK
W42 I B 2 IMEO EBRER 2 FIC AV,

BT O MREEBHRIEEMEC O v TREHET 2170,

EERICE O EHSTEL L CREBEO KRz oL
T#wT 5.

1) MG E D SIS
HECHREERD & 5 2 FHAIRENE S O #Eit it
6, —ERERRCERLS NIRRT T -5 O/
EAMEA VAR ET 2RI LLASNTEBY, &
UHEEERBE LTORROBEL R 3hTnd, £1-
Zh 5 FHAIBEF OB E O KIS iE, Longuet-
Higgins (28) ® Jasper (44) 3L 4 V) =S TERDb &1
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RoLL. —
N=55
£=76.3876
™~
THEORETICAL RAYL1GH DISTRIBUTION

EXPERIMENTAL H1STOGRAM
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Fig. 29-1. Distribution of variation in rolling
angle.
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25r
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Fig. 29-2. Distribution of variation in pitching

angle.
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30+
E=2.5921

25¢
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DISTRIBUTION
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[<EXPERIMENTAL H1STOGRAM
15}
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M
Fig. 29-3. Distribution of variation in
heaving amplitude.

R.Wave H.
N=96
z E=1.1449
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— THEORETICAL_RAYLIGH
DISTRIBUTION
1op EXPERIqENTAL
1STOGRAM
sh
x?  (12)=14.011 GT 13.009 m
)
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Fig. 29-4. Distribution of variation in relative
wave height.

5l Wave H. _
N=79

£=3,2041
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XPERIMENTAL
ISTOGRAM

2
=16. 2 15.246
X3, , (20)=16.266 GT 15
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Fig. 29-5. Distribution of variation in encoun-
tered wave height.

27k &RLT. & 542, Longuet-Higgins 3477 A
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B85 A= L LTCFRMNTRETHS I L PGP
L.
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gg_UF o RotLL.,
* PrTcH. . L
® Heave, .
gg.0F & R.Mave H.
O Wave H,
97.0F
96.0F
95.0F

9.0
90.0F

80.01

70.0
60.0F
50.0f

30.0F

2
ve=x2/E

Fig. 30. Cumulative distribution of variation in
rolling angle, pitching angle, heaving
amplitude, relative wave height and
encountered wave height.

OHFFE L OBREANL, BE (2FEE) 05/
—fl% Fig. 29 xR L, %O REMERS% Fig. 301z
Y. ChoOER S HES X CREEROBED S
TPV AV —DITHBZ I LBHNE, 27008
GEO P REOERL BREFTHS Z LBERI Wi,

Wi (o) 2,87 A—% £ UTHBEDBFHE Gl
EREERD 7z, 104EIDEBRDFHy{E% Table 11 iz
AT, R, Longuet-Higgins (28) DR 1 E L H
10%ENETH 53, £TOF—F AR ERER
L7z, $910% BV I D Tkl ORIzt 2B S 1L
TRERINT — 505 ZOHRDER, B/AMED 5 fE&fE &
Lzl tEzons,

BERIIEZ DRREBRT CHRERTERER S
720, FREOETAEICERE  BEMBOEER
KHRSNBBEREVDHB, TOEIIREE, B
B R RS DIRAICHEE L BE T EEE N B,
zZT, BEREHC X 2L, FRECEMT 32
Es, FEEMEESIRBRED T ENOEEE

ERAWT, HEOHBEEFREZRD .

BEEOFEHRMEICHT 2 HEEHS X CHENEROE
HELZ RSB I LS oy b LR % Fig. 31
WRY., Zh SOy sfEEh, HHEh, LT#Hs X
VHEBEFOESERBHEIC BT 2 HHEES (Relative
wave height) BEYRER TRDb S 1, EE» o MEE
B RSB —RATHEL B BREB. &
MNERKIC LY ROLEREFBARRAOEERERE
95% (S8R A% Table 12 =R L 72,

RO & et L BETOEERTRIRENLIRLEE
RERTHDH, BELORL/NILHBIAWET
b, FCKEOEHEE, ROBOEEBOETH S,
BELZ DL TEBEENREL/NEL, BLEFED
K&V, ETHOSBEITHENEEICBIRE < IS
ELSAEREL T3, BAIOFELEIFRLEAD
#EXKFTIA & (Deck wetness) DH#EEIZ AV S 523,
ZORbL/PSVERIEREN L ARMOEOBRETH
5, BIZHELREVEE, Tabb, BRITALOHE
RORWHBZBWIRETH 2,

HIBE(67) I3 ARY MVOEBRAIRETE %175 T
ELTE#EI VT T RBREERETEA2ZLT, 20
EEEH, BB » SWEARY PUVEFHET S Z
& (Reverse Operational Method of Sea Spectrum)
2R, TOHFEOEARIER2RLTVWS, Ll
BIRORMEROEE» S A2 LHftEN LD ETE 5
A7 MVHEEIZ BV 2 OBRIBSE» 5E 2 BYT
HBEEZSD.

REBRIFEARMICERL TGHAETY, RO
D ORBIE BT > T RO TERDRHETOE
BT a0, Ll Z 0BG sicsiio EBo
BRI B 2HEBRTHL LWL B, Lzt
THRIFEBSTOMRORBNH 2 L <KDL TSB
D, MBRIIMEESE» 72D OECTEL Tw 5508
IWDZ DB, Thbb, BENES» S5 LEEH
4ampPlE (FERG6) kDL BEHRIEZINLORD
INSVELIEREENS SV, S5 ETHRREEhITERES

Table 11. Representative values of a(p)/¢ in the each spectrum.

a(p) Lo?g\fet— Wave H. Pitch. Roll. Heave. R. Wave H.
Higgins -
Average (0.500) 1.25 1.18 1.20 1.23 1.21 1.15
Hyjs (0.333) 2.00 1.81 1.82 1.89 1.86 1.77
Hyjo (0.100) 2.55 2.25 2.30 2.35 2.30 2.22
I.m. s. 1.41 1.30 1.31 - 1.35 1.34 1.27
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Table 12. Regression line of Y (ship’s motion and relative wave height) on X (wave height).

Y Pitch. (deg) Roll. (deg) Heave. (m) R. Wave H. (m)
fleading 95% limit 959% limit 959 limit 959% limit
Head sea  2.78 x—0.003 2.93 x—0.168 1.11 x—0.454 0.22%+0.617

+0.367 +0.555 +0.055 +0.049
Bow » o 2.56 x+0.286 5.22 x—0.521 0.94 x—0.113 0.54 x+0.103
+0.786 +0.677 +0.113 +0.078
Beam » 1.87 x+0.722 5.94 x—0.622 0.93 x—0.159 0.43 x+0.390
+0.375 +1.011 +0.080 +0.096
Quartering 7 2.16 x+1.408 7.62 x—4.188 1.04 x—0.311 0.41 x+0.390
+1.122 +1.452 +0.178 +0.128
Following 7  3.20 x+0.361 7.57 x~0.260 1.03 x—0.204 0.69 x+0.124
+1.901 +3.625 +0.266 +0.259

*Y=a(+95%) x+b; x: wave height (m).

HELTw3, EBF—2I220 T HBWEIRED
7= BRIV AP R,

ERREOD & & A STEE B BRI oy b L7
DA Fig.32 Th 5. ZOR S MEESND X
Wk BEES LA, B, Ochi(68) 3R T DL ED
WEEHORBEL AN -—EEOEAR(VE) DE
ZHEO SRR R L TV 238, REEREEREO BIRHRE
Y HE L CHEEAS X CRERICOW TR RILER %
FLTWEY, FTEHZO DL TRRPELRBHERE
RoTw?, FTFHORENELZBERE L TIdAMH
AMBEIATH D, R THIESH Ochi O KB
100y Pz LT3~4 /v b BOELHAEZ L
I—TRIOBETHAI> LEZOND, 35K
Ochi i3 #ftigh, LTEB L UME LTHEED VE
rEED VE EOBREMREL.0/ v N, AREDS
BEOVTHRLTWE, ZhoOKBRIIES (XH#)
LAEER) (YD ORRIEBEORSEEI DL
LTRLI®, ZREREZ>TWw5H, EEDS
LAk, BREGTCRESNGEREELTWS, &
RLZDOBERAEREREFEKC Y @I 28>
Zrickd, HemEESOMRE AL TEX S
&, BEAE2ED ZLNFUTH B, HEINSI W
SRBEELARIVEDIOBRERFERTIE, Eis
ZRABRTTRYT & 0 L —RAD A EHOMK
HEETICIERNTHS L EX 2.

MEEEFDEERE (0) /57 A= & LIOESE
EDO WL DO OHRHEDHE L L FEEIENT 5
EEEO R ARRC L A EER CRETOERT
FIREEACHEELRD, IhoDBRIT, TEBE

ERERT 5 ECERSEMEREL VB0 EER
5.

(2) FEB L UHREERO KRBT

WEB L CHEESO R TFREIC DWW TIE, Jasper
(44) DIV B 0 3 EfTb T B, Jasper 3G
Brv4 ) —aFTRbEN, s OREASMIINEH
FEHEMITRbEN S BER LI, BH (69, 70) i ¥EK
TAAOERTHCEL THEBA MY v 7EC L
ETENE R ENEOMEE AV TS & I & OFENE
B0 BRSO LR EE L, EBERED R
EElroFHIT2ERRLE., SRER(TDZHZRN
D HIEEEEBRL I EIERS AR LD
2, BRUEORE (MROE—X ) 2THE
LA HBEED/ N5 A -5 2EHERERL, FHE
BRORBOEE TR 2ITo T3,

7 TEELEI—EIZIZTRCHII S EES
T UMEES D 7 —4 (Table 13) » o EED BEF
WO FFHA @)D —H¥ED 537 % F 7z, Jasper LHEH
DFC s WHBERASAOBRAERAT L 25,
BEe ETHOAMIZZRESEE SN, &
Eh, BHEAS X UCHENER IOV T, RgRER
LuIREDOPRLERIEE NN 0Tz, RE
DOfE{EFE 1 Gumbel 4345 (72) % Cauchy 247 &
2H BN, HELIMERC X > TRBRNT -5 2R
DTBECILBOORBIAHELTTA TNEA
(355,

I TEHREBRERIZIOVTH 74 TV HOBER %
fTolkb 3, HEB L UBREICESY A TVAAET
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Table 13. The root-mean-square amplitude by periodical measurement.
R Exp. Wave H. Roll. Pitch. Heave. R. Wave H.
Date Time
o. r.m. s r.m s r.m. s r. m. s r.ms
1974/1/28 1130 2 1.515m 6.91° 3.49° 1.000m 1.104m
29 1230 4 1.513 8.33 3.66 1.209 0.794
30 12-30 7 1.345 8.83 3.51 1.171 0.746
31 11-15 10 1.436 6.90 3.12 0.976 1.102
2/1 11-30 11 1.604 10.09 5.83 1.558 1.000
2 11-30 14 1.502 8.31 5.30 1.467 0.991
3 11—00 16 0.833 3.71 1.97 (.664 0.475
4 11-15 19 1.509 7.67 3.45 1.104 0.776
5 * * * * % * *
6 12—45 22 1.300 12.41 3.58 1.095 1.136
7 11-15 27 0.935 4.38 2.21 0.762 0.587
8§ 11—00 30 2.724 16.57 6.60 2.600 1.122
9 11-—15 32 2.180 15.11 4.38 2.002 1.092
10 11—15 33 1.032 8.13 4.70 0.965 0.900
11 12—-15 41 1.792 8.74 4.56 1.615 1.073
12 11-30 44 1.684 10.28 4.92 1.381 0.913
13 1200 50 0.686 3.74 2.74 0.613 0.517
14 11-30 58 1.104 1.54 2.45 0.668 0.796
15 11—-45 63 1.125 5.40 3.10 0.920 0.732
16 12—00 66 0.798 2.49 1.55 0.600 0.438
17 11-15 68 0.257 1.33 0.93 0.263 0.188
18 12—45 76 0.410 2.84 0.91 0.231 0.363
19 12—00 77 2.006 9.47 4.05 1.756 1.203
20 12—00 81 2.993 14.41 5.66 2.701 1.170
21 12-20 85 0.662 1.99 2.35 0.596 0.344
22 12-00 93 1.611 3.51 3.72 1.346 0.905
23 12—00 98 3.842 10.10 9.55 3.781 1.202
24 12-30 102 2.762 9.22 8.32 2.968 1.070
%
999¢
990r

900}
70}
s0f
305

20f

o Wave(m)

® Roll. {degq)
e Pitch ( » )
e Heave( m)
° RWave( » )

Fig. 33. Cumulative distribution of variation in rolling, pitching, heaving,
relative wave height and encountered wave height.
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Table 14. Parameters of the Weibull distribution and results of x*-test.

Parameter m @ y u X -test
~ Wave Height 2.1 2.7 0 1.444  xbn (17)=13.541>12.560
Pitch. 1.8 12.6 0 3.601 X80 (9)=10.656> 8.915
Roll. 1.9 79.8 +1.5 8.781 x8a0 (8)= 9.524> 8.395
Heave. 1.6 1.6 0 1.202 x8s0 (6)= 7.231> 6.110
R. Wave H. 3.0 1.2 +0.2 0.948 X870 (14) =10.821> 9.478

# Weibull distribution, £(xr)="2(x—7)" exp{—~ E-"}

b BB I LWRAN, (EORERERSMEY
4 IVEERRI 7ay b LzER? Fig. 3310RT, %
JeZ DT 4 TNEREEEBO T A -5 L AROE
SED P REDEREY Table l4 27T, REDHER
BRIEFTHEIEBRDON:, LMo TIDED
WEEOHEDRHAFSRD N2y, ¥
BB & UVRESEDERE R Xt 5 2 O HERER
VA Y =BT A TN E ORESEHET 5
ZeizkvRdvehd, kbbb,

P(xo)=f%(a—7)”‘"- exp[—{M + L‘z}]da

a a

(5+2+1)
ZIZTPx) B xo 2B NIV REVEFEHZW
RMGEIRESEZ 2HETHL, EhemaBLUy
XTI 4 TNVBHDNTA—=FTHY, aldBEOEH
OBEEFHOFEARTH S, JOWMIEHERSCL
DRDLHOMBHEETHY, HE, BEEHB LV
HEREEICOWTRD R % Table 15 2R L 72,
M (T1) ZEEEEAINC D W T, £ 72HR (74) 13dEk
WREMBED 2 > T FHRIZDONT, Zh s RIEFEIE
5 A EE L SRR OTFHFEE L 0 1 EROEY
o 1 EROBRERME, & 5108, 508, 100F

Table 15-1. Probability of occurrence of wave height by joint distribution of Rayleigh and Weibull.

Xo

N/Year

N lower Nupper

(m) p(Xo)
1 0.50942E +00
2 0.18386E +00
3 0.59911E —01
4 0.18514E —01
5 0.55323E —02
6 0.16139E —02
7 0.46203E —03
8 0.13011E —03
9 0.36061E —04
10 0.98247E —05
11 0.26243E —05
12 0.68450E —06
13 0.17349E —06
14 0.42498E —07
15 0.10004E —07
16 0.22510E —08

0.17330E +06
0.62548E +05
0.20382E +05
0.62985E +04
0.18821E +04
0.54907E +03
0.15718E +03
0.44264E +02
0.12268E +02
0.33424E +01
0.89277E +00
0.23287E +00
0.59023E —01
0.14458E —01
0.34035E —02
0.76580E —03

0.34661E +06
0.12510E +06
0.40763E +05
0.12597E +05
0.37642E +04
0.10981E +04
0.31437E +03
0.88527E +02
0.24536E +02
0.66847E +01
0.17855E +01
0.46573E +00
0.11805E +00
0.28916E —01
0.68070E —02
0.15316E —02

Dominant period; 10sec—bsec.



Table 15-2. Probability of occurrence of rolling angle by joint distribution of Rayleigh and Weibull.
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Nlower

N/Year

Nupper

Xo
(deg) p(Xo)

10 0.21537E +00
20 0.36618E —01
30 0.59451E —02
40 0.94143E —03
50 0.14458 E —03
60 0.21115E —04
70 0.28524E —05
80 0.34590E —06
90 0.36634E —07
100 0.33129E —08
110 0.25139E —09
120 0.15832E —10
130 0.85519E —12
140 0.76066 E —13

0.18317E +06
0.31143E +05
0.50563E +04
0.80069E +03
0.12296E +03
0.17958E +02
0.24260E +01
0.29419E +00
0.31157E —01
0.28176E —02
0.21381E —03
0.13465E —04
0.72734E —06
0.64695E —07

0.24423E +06
0.41524E +05
0.67417E +04
0.10676 E +04
0.16395E +03
0.23944E +02
0.32346E +01
0.39225E +00
0.41543E —01
0.37568E —02
0.28508E —03
0.17953E —04
0.96979E —06
0.86259E —07

Table 15-3. Probability of occurrence of pitching angle by joint distribution of Rayleigh and Weibull.

Dominant period; 8sec—6sec.

Xo

N]OWET

N/Year

NUPPBI‘

(deg) p(xo)
5 0.19771E +00
10 0.27446E —01
15 0.36623E —02
20 0.48462E —03
25 0.63949E —04
30 0.83745E —05
35 0.10738E —05
40 0.13196E —06
45 0.15143E —07
50 0.15802E —08

0.16815E +06
0.23343E +05
0.31148E +04
0.41217E +03
0.54388E +02
0.71225E +01
0.91325E +00
0.11223E +00
0.12879E —01
0.13440E —02

0.22420E +06
0.31124E +05
0.41531E +04
0.54956 E +03
0.72518E +02
0.94967E +01
0.12177E +01
0.14964E +00
0.17172E —01
0.17920E —02
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Table 15-4. Probability of occurrence of heaving amplitude by joint' distribution of Rayleigh and

Weibull.
Xo N/Year
(m) pix) Niower Nupoer
1 0.40432E +00 0.13755E +06 0.22925E +06
2 0.13801E +00 0.46950E +05 0.78250E +05
3 0.46696 E —01 0.15886E +05 0.26476 E +05
4 0.15876 E —01 0.54011E +04 0.90018E +04
5 0.54277E —02 0.18465E +04 0.30775E +04
6 0.18599E —02 0.63275E +03 0.10546 E +04
7 0.63550E —03 0.21620E +03 0.36033E +03
8 0.21508E —03 0.73171E +02 0.12195E +03
9 0.71565E —04 0.24346E +02 0.40577E +02
10 0.23228E —04 0.79022E +01 0.13170E +02
11 0.72985E —05 0.24829E +01 0.41382E +01
12 0.22043E —05 0.74991E +00 0.12499E +01
13 0.63592E —06 0.21634E +00 0.36057E +00
14 0.17428E —06 0.59289E —01 0.98815E —01
15 0.45162E —07 - 0.15364E —01 0.25607E —01
16 0.11023E —07 0.37501E —02 0.62502E —02

Dominant period; 10sec—6sec.

Table 15-5. Probability of occurrence of relative wave height by joint distribution of Rayleigh and

Weibull.

Xo N/Year

(m) p(xo) Niower Nupper

0.4 0.64821E +00 0.29403E +06 0.55130E +06
0.8 0.31444E +00 0.14263E +06 0.26743E +06
1.2 0.13305E +00 0.60353E +05 0.11316 E + 06
1.6 0.51555E —01 0.23385E +05 0.43848E +05
2.0 0.18725E —01 0.84937E +04 0.15926 E +05
2.4 0.64624E —02 0.29313E +04 0.54963E +04
2.8 0.21379E —02 0.96973E +03 0.18182E +04
3.2 0.68209E —03 0.30940E +03 0.58012E +03
3.6 0.21083E —03 0.95633E +02 0.17931E +03
4.0 0.63352E —04 0.28736E +02 0.53881E +02
4.4 0.18557E —04 0.84173E +01 0.15782E +02
4.8 0.53101E —05 0.24087E +01 0.45162E +01
5.2 0.14872E —05 0.67460 E +00 0.12649E +01
5.6 0.40830E —06 0.18520E +00 0.34726 E +00
6.0 0.11002E —06 0.49907E —01 0.93575E —01
6.4 0.29133E —07 0.13215E —01 0.24778E —01
6.8 0.75879E —08 0.34419E —02 0.64535E —02
7.0 0.38496 E —08 0.17462E —02 0.32741E —02

Dominant period; 7.5sec—4sec.
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Fig. 34-1. Power spectra of rolling for various
sea state at head sea.
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Fig. 35-1. The response characteristic, coher-
ency and reliance between the roll-
ing motion and wave height at head
sea.
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Fig. 34-2. Power spectra of rolling for various
sea state at bow sea.
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Fig. 35-2. The response characteristic, coher-
ency and reliance between the roll-
ing motion and wave height at bow
sea.
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Fig. 34-3. Power spectra of rolling for various
sea state at beam sea.

AMP . GAIN

PHasE

o-m/2

20 107.56 4 3 2sEC.
Exp.No. 43

® R.ERROR

© COHERENCY

o

20 10756 5 4 3 2sEc,

Fig. 35-3. The response characteristic, coher-

ency and reliance between the roll-
" ing motion and wave height at beam
sea.
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Fig. 34-4. Power spectra of rolling for various
sea state at quartering sea.
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Fig. 35-4. The response characteristic, coher-
ency and reliance between the roll-
ing motion and wave height at quar-
tering sea.
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Fig. 34-5. Power spectra of rolling for various
sea state at following sea.
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Fig. 35-5. The response characteristic, coher-
ency and reliance between the roll-
ing motion and wave height at
following sea.
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Fig. 37-2. The response characteristic, coher-
ency and reliance between the pitch-
ing motion and wave height for

various sea state at bow sea.
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Fig. 36-3. Power spectra of pitching for vari-
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Fig. 37-3. The response characteristic, coher-
ency and reliance between the pitch-
ing motion and wave height for
various sea state at beam sea.
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for various sea state at following
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