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BACKGROUND & OBJECTIVE

Most vessels that are built in Norway today
are costly and rarely copies of previous vessels.
The ship design process is extensive and time
consuming. The unique nature of each design
makes it hard to benefit from scale effects. It is
difficult to test new designs prior to production,
and prototyping is too costly. To make the pro-
cess more efficient, simulation is introduced as a
tool.

Simulation of vessel operation can be imag-
ined as a real life test of the vessel, providing
insight into how it will perform. It works by
running the vessel through its assigned oper-
ations, and subjecting it to external influences
such as meteorological and oceanographic con-
ditions (MetOcean). This ensures that the opera-
tional profile captures the complete spectrum of
realistic operating conditions.

Three important aspects that are important
in achieving the objective of building a simula-
tion platform are identified

1. The complex interactions of a vessels sub-
systems (e.g., machinery, hull)

2. Including stochastic variables (e.g., MetO-
cean data)

3. Fidelity level and level of accuracy

METHOD & SOFTWARE

MATLAB’s add-on Simulink is used as sim-
ulation software, with the plug-and-play feature
it illustrates the complex interaction between the
sub-systems in a clear way:.

To achieve accurate results, external pro-
grams have been applied. For the hydrody-
namic part of the simulation model, ShipX have
been applied, otfering plug-ins such as Wave Re-
sistance and Vessel Responses, calculating calm
water and added resistance operators (coetfi-
cients), respectively.
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Emphasis has been put on presenting results
that are of use early in the design phase. The
platform presents summaries of encountered sea
and weather conditions, and the associated ves-
sel performance. Encountered scenarios can be

reproduced in order to compare different design
configurations. This approach gives important

information that may assist in decision making.
Running simulations while changing the
main dimensions of the vessel have contributed
to validate the results from the model.
changing the beam of the vessel, the resistance

In order to validate the simulation model a
case study was performed. A 60,000 dwt gen-
eral cargo carrier was chosen as the case ves-
sel. The ship data log contained vessel coordi-
nates, speed, main engine load and more. In or-
der to replicate the sea conditions, the voyage
was divided into legs, and historical wave data
from the location of each leg was used to create
weather models.

The speed set in the case study is the de-
sign speed of 15 kts, and the speed loss in ac-
tual sea conditions is found by Kwon’s empiri-
cal method. Below is a comparison between the
break power from the data log, from simulation
using Hollenbach’s method for calm water re-
sistance prediction together with Kreitner’s for-
mula for added resistance from waves, and from
simulation using ShipX” Waveres and Veres.
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The results indicate that the model may over-
estimate the propulsive powering need. Note
that for the first part of the case voyage, the ship
is operating at lower speed than the design con-
dition, whilst in the simulated voyage, the speed
is constant. This contributes to the large differ-
ences at the first part of the voyage.

FUTURE WORK

Inclusion of more operating modes is a natu-
ral next step for the simulation platform. Espe-
cially the ability to simulate dynamic position-
ing as part of a voyage, while including oper-
ability factors based on weather conditions.

The ability to optimize should be an in-
cluded feature in future simulation models. This
could include parameters at early stages; e.g.
main dimensions, or for later stages; optimiza-
tion of the propulsion system, e.g. choosing fuel
type or engine compositions.
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could be seen to increase accordingly.

The results also show the difficulties in the
numerical estimation of added resistance in
waves, and emphasis should be placed on creat-
ing a good ShipX model. The empirical methods
yield reasonable results, in light of the low com-
putational time and limited user input require-
ment. The accumulated operating profiles gives
the user good insight into encountered weather
conditions, especially compared to traditional in-
formation used in the early design phase.

CASE STUDY OPERATING CONDITIONS

Operating conditions, i.e. MetOcean, have a
large impact on a vessels performance. We have
chosen to generate operating conditions using
Markov Chains where the transition matrices
are based on historical data for given locations.
The route is divided into legs where each leg has
similar conditions.
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To calculate added resistance in an ir-
regular seaway a Pierson-Moskowitz wave
spectrum 1is generated and combined with
Shipx responses to produce a response
spectrum for the vessel at given periods.
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CONCLUSION

The platform has shown great promise with
regards to interchangeability between modules,
depending on fidelity level, as well as the ability
to change parameters for a given vessel.

It is also an advantage that we now can see
the effect that one change has on the entire sys-
tem, giving the ability to find the best solution
for the entire system, which can be different
from the best solution for the sub-system.



