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A B S T R A C T

It is important to predict the actual RPM and engine power of a ship because it helps the ship builder and seafarer
understand the actual performance of the ship. However, a precise prediction is difficult because it is closely
connected to the ship design, resistance, seakeeping, maneuvering performance, etc., synthetically. In this paper,
we propose a new approach to predict the actual RPM and engine power of an LNGC from full-scale measurement
data considering the described performance. The sea route, speed over ground and environmental conditions
obtained from the measured data are additionally used to simulate sailing of the ship from the coast of southern
Taiwan to the coast of Madagascar for 14 days. The results of the simulation are qualitatively reviewed by
comparing the calculated time histories of the RPM and the power with the measured RPM and power. The results
are quantitatively analyzed by comparing the time histories of errors between the measured values and calculated
values. Finally, the power increment due to the environmental load is estimated by comparing the predicted
power considering the environmental load with the predicted power, not considering the environmental load.

1. Introduction

Recently, discussions on applying the EEDI, EEOI, and SEEMP have
been carried out by the IMO (Jung, 2011; Ball et al., 2015), and the
regulations of the ISO have been updated to consider the environmental
effects, including wind, waves, current, water depth, etc., to predict the
speed from a sea trial (ISO, 2015). The IMO and ISO aim to express the
actual performance of a vessel, objectively, by improving the regulations
and procedures to evaluate the performance of the ship with assumptions
of the actual operating conditions.

To cope with such changes in regulations and procedures, a predic-
tion, a measurement, and an analysis related to the actual performance
have been conducted using various elements from different fields of
technology. For example, conventional studies have compared maneu-
vering performance indices through simulations, model tests, and sea
trials of the IMO maneuvering tests (Kim et al., 2011, 2001, 2007), and
other studies have been carried out to consider the effect of the envi-
ronmental load, including wind, waves, and current on the resistance and
maneuvering performance of a ship from a practical point of view (Yoon
and Rhee, 2003; Seo and Kim, 2011; Liu, 1993; You et al., 2017a). In the
field of propeller design, research has been conducted to measure and

analyze the change in the performance of the propeller during actual
operation (Song et al., 2005; Choi et al., 2011; Andersen et al., 2002; Hur
et al., 2011). In sailing of a ship and operating an offshore structure,
researchers have considered the performance of a vessel in estimating the
FOC to search for an optimal route (Rindaroy, 2013; Lin et al., 2013).

Although the described studies have been carried out to estimate the
actual performance of a vessel for each element technology, it is neces-
sary to consider not only the ship design information, resistance, sea-
keeping, maneuvering performance, etc., but also the environmental
conditions and sailing records including sea route and sailing speed to
estimate the actual performance of a ship, synthetically. Recently,
research has been conducted to assess the actual performance of the ship
regarding the added resistance by using full-scale measurement data and
design information (Kim et al., 2017).

However, since each piece of information is strictly protected as in-
tellectual property by shipyards and shipping companies, it is difficult to
study the estimation and evaluation of the actual performance of a ship.
To overcome these limitations, studies have been carried out to analyze
the actual performance of a ship from full-scale measurement data by
using statistical methods (Yoo et al., 2016; Yoo and Kim, 2016). The
uncertainty of the measured speed and power was analyzed (Insel, 2008)
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and FOC was assessed from the effective power (Borkowski, et al.,). A
study was recently conducted to estimate the actual performance of a
ship by using the design information, model test results, and AIS data
(You et al., 2017b, 2017c).

In this paper, we aim to propose a new approach to predict actual
RPM and engine power, after the sailing simulation has been conducted
by considering ship design information, model test results, calculations,
and several items including sea routes, sailing speed, and environmental
conditions obtained from full-scale measurement data.

For this purpose, a 151 K LNGC constructed in the DSME was chosen,
and it is possible to consider the resistance, seakeeping, andmaneuvering
performance of the ship from the ship design information, model test
results, and calculations. In addition, full-scale measurement data of the
vessel was secured from a shipping company. In particular, the latitude,
longitude, SOG, mean draft, measured wind data, and measured wave
data were selectively used.

Mass of the ship is predicted from principal particulars and measured
draft records. The measured LCG is directly considered in the simulation.
The resistance coefficients are estimated by using a linear interpolation
according to the mean draft and sailing speed, taking into account the
resistance model test results with the design draft and ballast draft. Some
modified empirical formulae are used to set the hydrodynamic de-
rivatives for the maneuvering simulation to ensure that the results of the
simulationmatch well with the free runningmodel test results (You et al.,
2017b, 2017c; Kijima et al., 1990; Fujii and Tsuda, 1961, 1962). Since
the coefficients are obtained from the empirical formulae using principal
particulars including the draft, it is possible to consider the effect of the
draft on the maneuverability of the ship. The wind and wave loads are
calculated by using the measured wind and wave information, and they
are considered as external forces and moment in the maneuvering
equations of motion. By calculating the maneuvering Equations of mo-
tion at regular time intervals, it is possible to update the acceleration,
speed, location, rudder deflection angle, heading angle, RPM, power,
etc., regularly.

The sailing of a ship was simulated by following the measured sea
route and sailing speed from the coast of southern Taiwan to the coast of
Madagascar for 14 days. Since the course and speed change with a large
difference are considered in this simulation, the whole voyage can be
continuously replicated. The results of the simulation are qualitatively
reviewed by comparing the calculated time histories of RPM and power
with those of the measured RPM and power, and the results are quanti-
tatively analyzed by comparing the time histories of the errors between
the measured values and the calculated values. Histograms are drawn up
to understand the characteristics of the errors, and as a result, it is
possible to verify the predicted actual RPM and engine power.

Finally, the power increment due to environmental load is estimated
by comparing the predicted power while considering the environmental
loads with the predicted power and not considering the environmental
loads. In conclusion, it is possible to construct a feasible sailing simula-
tion by considering the ship design information, dynamic characteristics
of the ship, and course and speed change with a large difference.

2. Mathematical model

2.1. Coordinate system

The 151 K LNGC with a single-screw that was studied in the previous
research is also used here (Kim et al., 2017; You et al., 2017b, 2017c).
The 151 K LNGC, which is constructed as a membrane type, can be seen
in Fig. 1. The configuration above water line can be perceived from the
figure. Briefly, the ship's specifications are as follows. Lpp is 277.2 m, B is
43.4 m, T with design condition is 12.0 m, T with ballast condition is
9.4 m, CB with design condition is about 0.75, CB with ballast condition is
about 0.73, and AR is 63.48 m2 as shown in Table 1.

Fig. 2 shows the coordinate system of this research. Because

coordinate systems for maneuvering equations of motion, full-scale
measurement data, wind load coefficients, wave drift forces and

Fig. 1. The 151 K LNGC

Table 1
Principal particular of the hull, propeller, rudder, and engine of the 151 K LNGC.

Type Design Ballast

151 K CLASS

LPP [m] 277.2
B [m] 43.4
T [m] 12.0 9.4
CB [�] 0.75 0.73
Design speed [knots] 18.4 19.0
AR [m2] 63.48
Turn rate of a rudder [deg=s] 2.32
DP [m] 8.5
Pitch at 0.7R [m] 7.4
Engine type [�] Steam turbine
MCR [kW] About 32,000
MCR RPM [�] About 86

Fig. 2. Coordinate system.
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