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Simulation of power consumption with considering marine
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Power system is main equipment for electric propulsion ship to generate and manage the power. Maximum capacity
of power system should be decided as consumption of thruster with considering variation of power consumption for
propulsion, because it changes continuously from type of the ship, principal dimensions and marine environment such
as wave, current, wind. To design the power system efficiently, accurate prediction of power consumption is required.
There aren't a lot of time and cost for test, an empirical formula or similar ship data is used for prediction of power
consumption In the early stage of design.

In this paper, model for prediction of power consumption was created with 'ship motion model' and 'prediction of

power consumption model'.

Thruster is assumed main electrical load for propulsion and we predicated power

consumption with marine environmental forces. The model presented from this study can make possible to predict the
power consumption of ship with high accuracy for propulsion. And it also support the decision making for set maximum
capacity of power system and set the specimen of propulsion motor.
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w = (rad/s) : Wave frequency
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Fig. 1 Coordinates system
for marine environmental simulation
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Fig. 4 Elevation of the sea surface
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where

T, = 1.086- Ty = 0.772- T,

0.921- 7} = T, = 0.711- T, )
1.296- 7, = 1.407- T = T,

T, : Average wave period

T, : Zero— corssing wave period
T, : Peake frequency period
H, )3 : Significant wave height
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where

~v= 3.3 (Peakedness factor)
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Yy = %PA CHCAy(Q/JA)Uj Ap

p4: Air density

Cyx, Cyy: Wind coefficients (6)
Cy: Heel effect coef ficient

Y, Relative wind direction

U, : Relative wind velocity

A 1 Frontal projected area

A, : Lateral projected area

HEQRAE 1st order Gauss—Markov processS 0235101 Al
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w: Gaussian white noise
u > 0 (constant)
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po: Water density

Ceox> Ceoy - Current coef ficeint (9)
Ve Relative current direction

Ucx : Relative current velocity

Uecy : Relative current velocity

Ay : Frontal projected area water

Ayt Transversal area water

Lyp: Length between perpendiculars
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Table 1 Specifications of the target ship

Dimensions Ship
Lpp 273.4m
Breadth 42.6m
Draft 10.5m
LGC 3.93m
Kxx 18.2Im
Kyy 65.0m
Kzz 67.4m

Fig. 8 Ship Model

0)2 &% Usage factors

olnlsid, FEITST|9| A, Z2HEo| £4 § Sl @4
S0| 1=lo] ZYECE 2 AToM CpE 0.22 510f 2H|H
3 of| = AlS2fojdE T ASIACHBortnowska, 2007).

7,
N, = ?[km 1 Predictive value of ship

P
power

T,[kN] : Resultant thrust generated (10)

by ship propellers

C, : Usage factor of the power consumed to
generate the thrust by ship propellers
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Fig. 9 Initial condition and test cases of ship operation

Table 2 Test cases as direction of environmental load

Wave Wind Current
Case direction direction direction
(deg.) (deg.) (deg.)
Following 30° 210° 30°
Beam . o o
starboard 120 300 120
Head 210° 30° 210°
Beam port 300° 120° 300°
Zh ALz 5leF 2kd WiskS H[2[Eh TR =SS Table

=
3up Zo| 78S
Step size= 0.052 SILC



Table 3 Values of environmental load for simulation

Environment load Value
Height (m) 5
Number of frequency 20
Wave Number of direction 10
Wave spectrum TTC!
w,,(rad/s) 0.56
Wind Speed(m/s) . 10
Gust Harris spectrum
Current Speed(m/s) 0.3
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Fig. 10 Irregular wave sea state — following
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Fig. 11 Irregular wave sea state — beam starboard
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Fig. 12 Irregular wave sea state — head
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Fig. 13 Irregular wave sea state — beam port
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Table 4 The result of simulation — ship speed

Case Design Following Beam Head Beam
req. starboard port
Speed | s | gga 816 | 7.78 | 8.74
(knots)
Difference - +0.39 -0.39 | -0.77 | +0.19
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