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Ship Motions of Cargo Ship in Stormy Condition at Actual Sea

— Analysis and Estimation of Ship Motions and Wave Properties due to Onboard Data —

by  Kenji Sasa, Member
Shigeaki Shiotani, Member
Takuro Ikebuchi, Member

Daisuke Terada, Member
Nobukazu Wakabayashi, Member

Summary

It is inevitable to maintain the safety and efficiency in the maritime transportation. Especially, the steep rise of crude
oil price requires shipping companies to minimize fuel consumption more than ever. Weather routing services are focused
on shipping companies with international transportation. However, there are still many problems on accuracies of current
models, such as sea forecasts or slow down due to ship motions. It is the reason why those continuous databases, for
examples, ship motions, navigation or engine parameters, or sea conditions, are not enough accumulated to develop weather
routing models. In this study, those databases have been observed for a couple of years in a 20,000DW'T class bulk carrier in

worldwide voyages. Some new relations can be known about ship motions, slow down, or wave conditions. The verification

of ship motions and waves is carried out here with observed databases and numerical simulations of frequency response of
ship motions and that of weather and oceanography. Finally, some points are discussed to construct the new methodology
of total evaluation of international maritime transportation in the future.

1. AROER - BW

7'a—r R 3 A 5 HIERBUE O W RS 2 % 7 L i
IR D S E, WO SEEIERS I, R, SO
SUHCTH C OPFRBRESER S a2 VD3 %7 GPS,
AIS %% 13U & & Lo L CREL, #l
WD RAEVES X ORI OUGEIC K ECHFL L TERLT L
BEECDRWEZATH D, 7, WESOMBRBR P
B RLE X K B FIE O EE, oo —aoREIC
X 3 A T R I R E R TR A S 2, ChET
RV CER 2 2 P OHIESRD S Tw B, F RN
REBEEHDRBCEOHESL H D, BRIERTE DKL,
B IR 2 BOEHA 2 % 2 20, ChETO k) R

* MFRFR e R AR
kO OKERRAIISE L v 7 —IKEE T AEITSERT
R ERER A ARBEA RS A PR ER

A T T

ARz P26 4F 4 A 16 H

Az FARE LA FETIEMIGL ENB{B>TETWS, I
5 DOH R ELALMBRO FHEM OFERITHE, M0 O T
BrRD D7 2 — N —T 4 v ITREBETO T — &l
BT 2B BDED 5Tz D 5, L, KEEFL
I & 2 RBER O TS AMIERL O FEM T AT & A B RIS
ZELTES T, MAES & OBIRT IS DS IREE X
NI RFHNLIFZEA EFEL 2, FHH S I3 X O
itk B2 TR, BFER X OEEREL % MR I e
LzbDTrITERS v W #E LD Nifnko =5l
D7uY x 7 MIFRICBERID A TE R O, $EES
DMADERTE 2R & LABiE D 10T, AR OB A I3
KTH 10 HAEDPHREELILIETH D 2 &, ARE[ LV
FHIEEZ TR K, ZNFNOMMMBE O HRER IS Rt %
& REEOIFES TR ERRD TS E L
7o, MRAERIC B 2 BUGOEE R L 2 F— L —T 4
VI OMERZIZ Fig. LIKRTEI RA X =V EZ 515,
IR EED, HIROS AT LI T 3 E0dEERA v
M ERDE FITRTRRIBROFIHREES, i IR RIS
BT B OMERE S K QIBE DL ChH 5, T EH
RHIZ PRI IZ R O TR ISR TR & & VA Aelig &



168 HAMATEE T aim e % 18 75

Weather Condition Safety Condition

»  Wind Forecast »| Added Resistance
e S —
» Wave Forecast Ship Motions
S

Current Forecast
4 S — v

\ /

EngineAnalysis
S —

Improve Sim. Resolution

l Construction of New Weather Routing Service l
lCompatibiIitywith Safetyl l Minimize Operational Cost l

Navigation Time

Improve Sim. Accuracy

Optimization of
Cargo Logistics

—-| Fuel Consumption

I Economical Condition l

Fig. 1 New concept of desirable weather routing sys-
tem
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Fig. 2 View of 20,000DWT bulk carrier in this study
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Table 1 Main observed parameters onboard observation

Parameters

Observed units

Observed periods

Ship motions

Inertial unit

All Periods

Positions, speeds and headings

VDR

2010.6-2011.7

Wind speeds and directions

VDR

2010.6-2011.7

Engine revolutions and thrusts

Engine data logger

2010.6-2011.7

Wave spectrums

Radar wave analyzer

2010.6-2010.7

5 Roll (deg)
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Fig. 3 Variation of significant amplitudes of roll and
pitch in July 4-6, 2010
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Fig. 4 Variation of significant amplitudes of roll and
pitch in September 26-30, 2010

2010 4F 7 HDr — A X ZEMIRBEIC T HAD & LRI D 9
WD 7 7 A A TEME b0 TH Y, BT 2R
B 3~dm OFRKICEB L 2 L 2ORMTH 5. IEHRAK
ELEHLT0BD, JIUIMNERLRERIRE & 2 2 0 %k
F OIS e L B2 5N D, TPRBIZRAT 15m/s
FEL, KAEDHERZZIITVRI LD EHEINDS, ol B
KO pitch IFZNZN11° B 2° FELTED, KT roll
DFENRPEETH o7z, EITOWTIREFD 14 / v b 2%

.........

20 Vel(?city (kr}_?_t—)

15 -",- ----- :
o - i3 "Constan?c
5 LOG Speed
: OG Speed
0 ‘ ‘
125 M/E‘ Revo‘l’gti:on (rpm)

54 6‘0 6‘6 72
7/7 (Hour)

06 12 18 24 30 36 42 48
7/5 7/6

Fig. 5 Variation of mean values of ship speed, head-
ing, M/E revolution, wind direction, and wind
speed in July 4-6, 2010
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Fig. 6 Variation of mean values of ship speed, head-
ing, M/E revolution, wind direction, and wind
speed in September 26-30, 2010
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Fig. 7 Relations among ship speed, roll, pitch, wind
speed and engine revolution
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Fig. 8 Observed directional spectrum around ship at
4:00 in July 6, 2010
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Fig. 9 Simulated directional spectrum around ship
at 4:00 in July 6, 2010
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Fig. 10 Variation of significant wave heights and
mean wave periods in 3:00-6:00 July 6, 2010
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