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3 Ship Propulsion Plant
The propulsion plant, the objective of this study, is a CODLAG (COmbined Diesel

eLectric And Gas) system. In a CODLAG system, as seen in Fig. 3.1 Propulsion plant,
electric motors are used at low speeds, the gas turbine is used at medium-high speed,
and both prime movers are used to reach maximum speed or maximum power, if
needed. With this kind of combination, a ship has more �exible power availability.

The most power is guaranteed by a gas turbine, which is linked to the input gear-
box shaft. The electric motors, fed by diesel generators, are directly mounted on the
shaft lines. A particular kind of gearbox (X-cross) is present: one input, double output,
with a double reduction stage. Two shaft lines drive two controllable pitch propellers.

Figure 3.1: Propulsion plant

A Summary of the main elements present:
– One gas turbine
– Two electric motors
– Four Diesel generators
– One gearbox
– Two controllable pitch propellers
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3.1 Main Engines

3.1.1 Gas Turbine

The choice of a suitable gas turbinemodel is strongly dependent on the particular sys-
tem under investigation. In the �rst approach, the gas turbine mathematical model
has been structured in a modular arrangement, in which each module, represent-
ing a speci�c engine component (i.e. compressor, high pressure turbine, power tur-
bine, combustor, etc.), is modelled by means of steady state performance maps, time
dependent momentum, energy, and mass equations, and non-linear algebraic equa-
tions [14].

The main di�erential equations to be solved in the time domain concern both the
mechanical and thermodynamic engine parameters. In particular, the working �uid
processes are governed by the continuity equation:

d (ρV)
dt = Mi −Mo

and by the energy equation:

du
dt =

1
ρV (Mihi −MOhO) +Mf LHV

Where:
Mi is the inlet mass �ow rate
MO is the outlet mass �ow rate
V is the GT component volume
h is the enthalpy
u is the internal energy
LHV is the fuel lower heating value
The dynamics of the rotating shafts, both for high and low pressure turbines, are

determined by the dynamic momentum equation:

dω
dt = 1

J (Qm − Qbr)

Where:
Qm and Qbrare the motor and brake torques
ω the angular velocity
Unfortunately, the introduced mathematical equations for the numerical mod-

elling of marine gas turbines are not usually very reliable at very low engine loads.
In order to overcome this di�culty, more e�ective methods have been developed

based on engine manufacturer trials using the turbine maps.
The engine power can be simulated by a numerical surface depending on engine

speed and fuel consumption �ow rate. In particular, in Fig. 3.2, the power surface of
a gas turbine is reported. The surface has been modelled on the ground of the load
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diagram provided by the engine manufacturer. Using these data, it is possible to ob-
tain the gas turbine power (or torque) through a surface interpolation. The fuel �ow
is evaluated by the gas turbine controller that transforms the rpm set-point into a fuel
�ow set-point.

Figure 3.2: Power surface of the gas turbine

In the gas turbine model, a sub-model that represents the inner machinery gover-
nor has also been included known as the Turbine Control System (TCS). The TCS is in
the second hierarchic level loop. The main controlled variables are, in analogy with
the propulsion control supervisor: the torque, the regime of revolution, temperature,
and the fuel �ow [1].

3.1.2 Electric Propulsion Motor

Electric motor models used for the propulsion system analyses can be grouped into
two types of models: non-physical models and physical models.

By the �rst approach option, which is employed in this work, the engine is mod-
elled by simple equations to set up the electric propulsion motor behaviour; thus, it
is necessary to identify few parameters from the engine manufacturer data. By this
technique, only the torque and the rpm of the engine are represented without any ref-
erence to themachine electric variables. This approach is suitable only for a high-level
simulation.

The torque is calculated according to a proportional and integral action on the
speed error [8]. In the simulation process, the engine actual speed is compared with
the engine speed commanded by the governor, and then the engine torque is adjusted
by a non-linear action in order to achieve and maintain the desired engine speed.
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The torque and over-speed protection are represented in order to ensure a more
realistic behaviour.

3.2 Transmission Line

Due to the axial symmetry of the transmission line (gearbox, shaft, and propeller) and
neglecting the shaft line deformation, the system can be studied as a holonomic sys-
tem with one degree of freedom: the shaft line angle.

The shaft line, shown in Fig. 3.3 Shaft line dynamics, has beenmodelled using the
Lagrangian equation:

d
dt

(
T
∂Φ̇

)
− T
∂Φ = Q

Where:
Q is the stress acting on the system
T (t) is the kinetic energy
Φ is the system degree of freedom
The stress Q is the sum of the moments acting on the transmission line.

Q(t) =
n eng∑
i=1

Qeng (t) − Qfric (t) − QP(t)

Where:
Qeng is the engine torque
Qp is the required propeller torque
Qfric is the torque due to the friction
neng represents the engine number
The required propeller torque is evaluated using the procedure illustrated in Para-

graph 6.4.2; the torque due to friction is evaluated through a table representing exper-
imental data as a function of regime of revolution and delivered power; the engine
torque evaluation is shown in Paragraph 3.1.

Since the system is considered as a rigid body with a �xed axis, the total kinetic
energy is the algebraic sum of the kinetic energy of each component:

T = 1
2ωIG(ω) =

1
2

( n∑
i=1

Iiω2
i

)

Substituting the expression of Q and T into the Lagrange equation, expressed in terms
of shaft line regime of revolution, we obtain:

Isω̇s (t) =
n eng∑
i=1

Qeng (t) − Qfric (t) − QP(t)

Where:
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Is is the transmission line polar inertia
ω̇s is the shaft line acceleration

Figure 3.3: Shaft line dynamics


