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It was important to estimate the full—scale operating performance including actual RPM and engine power of a ship since the

operation efficiency during a voyage could be evaluated from the values, In the previous research, an entire voyage was

simulated by following recorded speeds obtained from AIS and full-scale measurement data, Although reasonable tendencies

were observed in the estimated speed, actual RPM, and engine power, it was impossible for them to be completely

corresponded with
paper, alternative approaches to cope with

the measured values due to the difference between actual operation and mathematical model. In this
the speed, actual RPM, and engine power were suggested by following the given

speed, RPM, and power respectively, After entire voyages were simulated according to a given value, the effects of the value

on the estimated performance were investigated, And, it

chosen according to the aim of the simulation or given value,
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Table 1 Examples of SMART ship according to the roles
Example of SMART ship
Safety operation

Role Function

Condition monitoring
and maintenance

Environmental

Technical . )
regulation compliance

management

Hull and propeller
cleaning
Ship owner Retrofit and

(incl. modification
operator)

Energy saving operation

Operation Safe operation

Schedule management

Fleet allocation

Fleet planning Service planning

Chartering

New building Design optimization

In—service ship Ship performance

Shipyard analysis
New building Design optimization
Manufacturer . Remote monitoring and
Maintenance ) .
(or vender) diagnosis
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Table 2 Brief information of the LNGC

Data Value
IMO Number [-] 9311581
Tonnage [ton] 98.79
Length overall [m] 288.0
Beam [m] 43.0

Year of construction [~] 2008
Capacity [m”™3] 148.47
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Fig. 1 Coordinate to solve the maneuvering equations of
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Table 3 RPM increment according to the speed difference
considered in the previous research (You et al.,
2017a)

You et al., (2017a)

Condition [knots] RPM command [-]
AU>8.0 +0.6
80> AU>4.0 +0.4
4.0> AU>0.2 +0.2
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Table 4 RPM increment according to the speed difference
considered in the previous research (You et al.,
2018b)

You et al., (2018b)

Condition [knots] RPM command [-]
AU>8.0 +0.4
80> AU>20 +0.2
20> AU>0.05 +0.1

0.05 > AU>—0.05 Maintained

0.05 = AU>—-2.0 -0.1
—20=>=AU>—-80 -0.2
—80=> AU -0.4
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Table 5 Comparison of the measured RPM and simulated
RPM and error

RPM [-] Error [%]
72.69 -
74.66 2.71
70.31 -3.27
74.64 2.68
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Table 6 Comparison of the measured power and simulated
RPM and power

Power [MW] Error [%]
Measured 16.59 -
Given speed 16.74 0.97
Given RPM 14.84 -10.55
Given power 16.44 -0.24
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Nomenclature
Abbreviation Full meaning
DOF Degree of freedom
RPM Revolution per minute
loT Internet of Things
EEDI Energy Efficiency Design Index
EEQI Energy Efficiency Operational Indicator
LNGC Liquefied Natural Gas Carrier
POW Propeller Open Water
IMO International Maritime Organization
QTF Quadratic Transfer Function
AIS Automatic |dentification System
urtc Universal Time Coordinated
COG Course Over Ground
SOG Speed Over Ground
LNG Liquefied Natural Gas
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