
















































































































5.1. Modelling of the propulsion line 43

5.1.2. Transmission
The transmission transmits the mechanical energy from the diesel engine to the propulsor. The transmission
consist out of a gearbox, shafts and bearings. To make a simple model, only the basic gearbox characteristics
are modelled and all energy losses of different transmission components, such as bearings and the losses in
the gearbox are combined into one transmission efficiency factor.

The RSD tug uses azimuth thrusters for propulsion. The gearbox and propulsor are combined inside the
Azimuth thrusters. The gearbox that is installed in the azimuth thruster is a single reduction gearbox. The
reduction gearbox reduces the speed of the engine to the speed that is required for efficient operation of the
propeller. The reduction ratio of the gearbox is given by the manufacturer and amounts 7.516. The reduction
ratio is the ratio between the input shaft and output shaft of the gearbox and is determined by the amount of
tooth per gear. Since the present gearbox is a single reduction gearbox, the reduction ratio is fixed.

Model in- ,outputs and assumptions
Below a list of all inputs to the transmission model with units is presented. The engine torque is calculated
in the model discussed above while the required propeller torque will be calculated in the propeller model
which will be discussed further on.

• Engine torque [kNm]

• Required propeller torque [kNm]

below a list of all outputs from the transmission model is presented. By comparing moments on either side
of the gearbox, the shaft speed can be determined. Since the reduction ratio of the gearbox is known, both
the diesel engine speed and propeller speed can be obtained.

• Engine speed [rps]

• Propeller speed [rps]

Also some assumptions are made. The losses of all separate components of the transmission are combined
into one efficiency and is assumed to be constant over different shaft speeds and loads.

Transmission Simulink model
As mentioned earlier, the reduction ratio of the gearbox is given. Formula 5.9 shows the effect of the reduction
ratio and engine speed on the propeller speed.

iGB = ne

np
(5.9)

As a result of the speed reduction the torque has increased. Formula 5.10 shows the relation between the
engine shaft torque and the propeller shaft torque.

Ms = ηtr m · iGB ·MB (5.10)

The ηtr m term is the transmission efficiency which causes a power loss. According to Klein Woud & Sta-
persma [10], the power loss of gearbox for single step reduction gearbox is around 1 to 2%, however this is
just the efficiency of the gearbox component and does not include the bearing losses and shaft losses that
are included in the transmission efficiency. Moreover is the efficiency of a azimuth thruster is generally lower
than the efficiency of a single reduction gearbox. Damen uses a transmission efficiency of 92% for general
calculations. For this simple model this constant transmission efficiency will be used.

In the Simulink model of the transmission a moment balance is made. The delivered torque by the diesel
engine is compared with the required torque of the propulsor. If the delivered torque is equal to the required
torque, the moment is in balance and in steady state. If there is a difference between the delivered torque
and required torque, a net torque will appear which causes the propeller and diesel engine shaft to increase
or decrease in speed. Formula 5.11 shows the moment balance and result on shaft speed.

np =
∫

Mb −Ms

2π · I
d t (5.11)
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Hull Simulink model
As mentioned earlier, a balance between the resistance of the vessel and the thrust delivered by the propellers
can be made. If the delivered force by the propellers is equal to the required force to sail at a certain speed,
the moment is in balance and in steady state. A difference between the delivered force and required force
results in a resultant force that will causes the vessel to accelerate or decelerate. Formula 5.21 shows the force
balance and result on vessel speed.

Vs =
∫ Fpr op −Fshi p

m
d t (5.21)

The mass (m) is the mass of the vessel and the surrounding water that induces added resistance. The mass
and added mass determines the delay in acceleration or deceleration of the vessel. Since the remote logged
data can only be used in steady state moments where the acceleration of the vessel is zero, the mass is set to
a very low value to eliminate the acceleration and deceleration effects.

In order to determine the required force to sail at a certain vessel speed, formula 5.22 can be used. In this
formula, the thrust deduction factor and resistance are used. Values for those are obtained by a lookup table
where the values for the thrust deduction factor and the resistance are obtained for a certain vessel speed.

T = R

1− t
(5.22)

The Simulink block that represents the propulsor calculates the advance ratio ’J’. In order to do so, the ad-
vance velocity is needed. By the use of formula 5.23 the advance velocity can be calculated. The wake factor
’w’ shows the difference of the vessel speed and the water speed at the location of the propeller. Since the pro-
peller is located behind the hull in the boundary layer around the vessel it encounters a lower water velocity
than the vessels velocity.

Va = (1−w) ·Vs (5.23)

The formulas are inserted into MATLAB Simulink to create a model of the vessel where the resistance, thrust
deduction factor and wake factor are used in the force balance. Figure 5.10 shows the Simulink corresponding
Simulink block.
































































































