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Preface
This project concerns the acquisition of technical knowledge regarding the discipline Electrical
Engineering. Within this discipline we decided to investigate the use of electric motors for the
propulsion of seagoing vessels.
The main question of the project, which will be answered in this report, is:
‘’What are the possibilities of the electric motor in maritime propulsion?‘’
We answered this main question by answering 5 sub questions:
-What has the development of the electric motor been throughout the years?
-What effect will installing an electric motor have on the overall costs of the propulsion?
-What are the different types of electric motors and what are the advantages and disadvantages
of these types?
-On what aspects can the electric motor still be improved?
In chapter 1 we will discuss what diesel-electric propulsion really is. We will also tell something
about the inventions of Mr. Del Proposto. The developments of the electric motor throughout the
years will be discussed in chapter 2. Further on in this report, we will discuss the costs involved
with diesel-electric propulsion. The different types of electric motors, and their advantages and
disadvantages, will be discussed in chapter 4. In chapter 5, we will discuss a propulsion system
from company ABB. The development of electric motors will be discussed in chapter 6.
This research is focused on the electric motor, within the diesel electric propulsion plant. The
research is based on existing technology and information, already used for the propulsion of
seagoing vessels.
After this there will be an abstract, conclusions and a list with references. In the appendix there
is further information about engine selections regarding diesel-electric propulsion.
During the research of our topic we used desk- and field investigation. A lot of information could
be found on the web and in the library of the STC. Besides this desk research, we also contacted
market leaders such as Imtech and ABB. Willem Doorduin and Rob van Brakel also went to the
Europort conference in Ahoy Rotterdam. And in the Christmas holiday we had an appointment
with the company Bakker-Sliedrecht.
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§ 1.

Diesel-electric propulsion: what is it exactly?

§ 1.1

Engineer Del Proposto

The Italian electrical engineer Cesido Del Proposto, in 1903, created a breakthrough in the
developments in diesel-electric propulsion. He invented and developed a new drive for ship
screws. Some sort of similar work had been done at Ludwig Nobel in St. Petersburg, Russia.

The most important parts of this system were the propeller shaft (E) and the prime mover (A).
Apart from these two parts the system consisted of a DC motor (C) and an engine-driven DC
generator (B). The electrical energy, which is produced by the generator, was transferred to the
motor via cabling. The electrical output of the generator was slightly higher than the electrical
output of the motors. A coupling (M3) continuously connected the motor to the shaft. The
generator and the prime mover were connected by a similar coupling (M1). Between the
generator and the electric motor a magnetic clutch (M2) was located. The current delivered by
the generator actuated this clutch.
The electro-magnetic clutch (M2) was, during engine standstill, disengaged in order to facilitate
startup of the engine without load. When the machine started running, the generator delivered
the current to engage the clutch (M2). The engine (A) rotated at the same speed as the shaft (E).
This because of the fact that it’s a direct mechanical power transmission. Both the motor (C) and
the generator (B) acted as fly masses for the main engine.
In case of speed reversal and during maneuvering, the magnetic clutch (M2) was disengaged.
Therefore the screw was only propelled by the electric motor (C). The electric motor received
the current from the generator (B). The speed of the propeller shaft (E) could be reversed or
adjusted by controlling the speed of the electric motor.

The drawing above shows the situation for two propulsion engines (A) and (A1). The three
electromagnetic clutches (M1, M2 and M3) were, in the normal propulsion mode, engaged. Next
to this, the propulsion of the shaft (E) was direct. Clutch M3 was disengaged in order to perform
maneuvers. The current of the electric motors (B) and (C) took care of the turning of the shaft.
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With the invention of Del Proposto the major obstacle for the use of non-reversible diesel
maritime engines had mostly been overcome. Del Proposto achieved a great grow of
attractiveness of such applications. This attractiveness got bigger every year, especially since the
power-to-weight ratio was improved every year.
§ 1.2.

The first diesel-propelled vessel ‘’Vandal’’

The triple-screw river tanker ‘’Vandal’’ was the first diesel-engine driven ship. The first voyage
was in the spring of 1903. The power station of the vessel consisted of three trunk-piston, threecylinder diesel engines. The ‘’Vandal’’ was propelled by a diesel-electric propulsion system. This
was the first diesel-electric application worldwide.
Three midship-mounted propulsion units drove the three propellers of the vessel. Each of these
units consisted a DC generator of 87 kW at 500 V and a three-cylinder diesel engine. The three
generator were connected with three motors with an electrical power requirement of 75 kW.
The alternators exciter current controlled each generator/motor group. It was also possible to
control each propellor separately from the bridge. ASEA, Sweden, took care of all electrical gear
for this first all-electric diesel application.
The armatures of the electrical motors and the generators were continuously connected and
directly. The advantage of this control system were the maneuvering capabilities with low
current intensities. Another advantage was the start-up capability of the system at full
amperage. Strong resistors were not needed.
The operating experiences onboard the ‘’Vandal’’ were, expect a serious engine failure during
the maiden voyage, excellent. This was mainly shown by the reversing procedure. From full
ahead to full reverse took no more than ten seconds. Still, not everyone was happy, Del Proposto
mentioned the losses of the overall system were high. Only 290 of the total 360 HP were
effective at the propellors. Another point of argue was the weight of the propulsion system. The
three diesel engines had a weight of 48 tons. The electrical components added another 31,2 tons.
The diagram below shows the first diesel-propelled vessels and their characteristics.

§ 1.3

Diesel-electric propulsion:

The development and availability of sophisticated power electronics ensured a breakthrough for
the diesel-electric propulsion on cruise vessels in the mid 1980s. Compared with stationary
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power plants, there is one big difference with diesel-electric propulsion systems. With the
stationary power plants, it’s only the load, due to the varying ship speed, which is changing
onboard ships. With diesel-electric propulsion the frequency will also change due to the varying
propeller speed.
Throughout the years the onboard power generation has become more efficient. This is because
power electronics have made it possible to utilize the power station concept and to install
frequency converters.
The first modern passenger and cruise vessel for which the power station concept was utilized
was the ‘’Queen Elizabeth 2’’. This cruise vessel had a 95.5 MW propulsion plant consisting of
nine MAN B&W 9L 58/64-type medium-speed engines. The ‘’Queen Elizabeth 2’’ also provided
another breakthrough. It was the first vessel on which directly resiliently mounted mediumspeed engines were used. In this way, the vibration and stringent noise requirements were
fulfilled.

In 1998, the ‘’Queen Elizabeth 2’’ was considered as a trend-setter for modern cruise vessels.
This was because of two reasons:
1.
2.

The electric power station concept
Low noise and vibrations installations onboard
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§ 2.

The electric motor: development throughout the years

An electrical motor is a device that can produce mechanical energy with electrical energy, with
the use of magnetic fields. The reversing of this process is a dynamo, which converts mechanical
energy into electrical energy.
The principle of the electrical motor is based on magnetic fields. They are created by electricity
and get magnets moving (mechanical energy).
The principle was discovered by an English scientist, Michael Faraday in 1821. This experiment
was very basic. It consisted of a permanent magnet, a pool of mercury and a wire. If there was a
current on the wire it began to swap around the magnet. The current created a magnetic field
around the wire. Because the electric field around the wire changes, it will sweep around the
magnet and magnetic fields.

In 1827 Anyos Jedlik experimented further with electromagnetic rotating devices. He
constructed the first electrical motor with the three main components of practical direct current
motors. This motor contained a stator, a rotor and a commutator. The stationary and revolving
parts were electromagnetic, therefore there were no permanent magnets applied. The motors
had no practical application because they were expensive and the capacity was very low.
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§ 2.1. Direct current motor
The first direct current motor that was capable of turning machinery was invented by William
Sturgeon in 1832. This motor was capable to run at 600 rpm and capable to power machine
tools and printing press. Although the motors were useful, it was very expensive due to the costs
of zinc that was needed for the battery. So there was very few interest for this motors.
The basics of the nowadays used DC motor were invented by Zenobe Gramme. He connected two
dynamo’s in series. One of the dynamos began delivering electrical power to the system and the
other dynamo began to rotate without being powered from outside the system. Apparently, one
of the dynamo’s created the electrical power to generate the other.

§ 2.2. Alternating current motor
The first practical alternating current motor was invented by Nikola Tesla. Nikola Tesla invented
the polyphase power. In the beginning of the development of the AC motor the production was
very low. This was caused by the lack of knowledge about the magnetic fields. The motors were
built with a big air gap between the rotor and stator. This caused a lower torque.

§ 2.3. Further development
A great breakthrough for the innovation of the electrical motor was the industrial revolution.
This was because of the high costs for the fabrics having 1 primary engine and many shaft, belts,
pneumatically and hydraulic systems. It was much easier and cheaper to apply one small
electrical motor on each tool and have one power system.
Through the need of smaller engines the development of electrical motors began to develop
faster. With the discovery of the electric magnetic fields scientists began to develop motors with
higher torque, this appeared to be quite simple. They discovered that the rotor and stator had to
be put close together with a certain air gap. This air gap had to be as big as permanent magnets
with the same pole created between them. Torque is the moment of force. To get a maximum
moment of force, the losses have to be as low as possible.
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It didn’t take long, after the optimalisation in distance between the rotor and stator, before the
first vessel was equipped with a diesel-electrical propulsion system. It was 1903 and the vessel
was a Russian tanker. It was equipped with three propellers. During that time it was impossible
to change the rotating direction of the propellers. This problem was solved by an electrical
engine. The poles were switched and the rotation direction switched. After the invention of
reversible diesel engines the interest in electrical motors reduced. This was because the electric
motors had a maximum torque with every frequency they were equipped on tug-boats, icebreakers. The first ships were equipped with AC motors. Due to the developments and
advantages other types of ships began to use diesel electrical propulsion as well. The only
disadvantage about this propulsion was that the AC motors had to be very big and were actually
oversized for the ships.
In the first and second world war the developments of the electric motor were huge. This was
because it was the only way of propulsion for submarines. Because of the lack of oxygen on
board those vessels the diesel engines had to be turned off and the submarine was powered by
batteries. Due to the need of being longer submerged the batteries and motor were optimized.
Progress in the high power electronics lately made it possible to use DC electrical motors. Those
were obviously smaller and delivered more power than the AC motors. After the possibility of
using DC motors on ships they were applied more and more. This is because of the high torque
with every frequency and the easily transportable energy. With diesel mechanical propulsion
there is need for long shafts that transport the energy. With the electrical propulsion there can
be made use of electrical cables. And the weight of the motors will be reduced obviously.

Electric motors can be divided into 3 types by the way they are connected to the power. Shunt,
series or compound.
Shunt (as to be seen on A) means that the power circuit is divided into two or more lines, only
one of the lines is connected to the motor and other lines are connected to other resistances.
This will result in a dividing of the ampere than again the voltage will remain the same. This is a
advantage of the shunt motor as it works on tension fields to create the magnetic fields.
In series (as to be seen on B) means that all the electric motor is connected with other
resistances and therefore the voltage will decrease but the ampere will be divided over the
components . A shunt motor (as to be seen on C) is connected in series as well as in shunt so the
voltage as well as the ampere will be divided.
How the motors are connected depends on what the purpose is and how what there have to be
controlled. A shunt motor is easy to control the ampere (by controlling the resistance of shunt
connected devices) , by a series connected motor it is easily to control the voltage (also by
controlling the resistance of connected devices). A compound connected motor the voltage as
well as the ampere and therefore is complete controllable.
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§ 3.

The costs of diesel-electric propulsion

The installation of an electric motor will obviously lead to significantly higher installation costs,
in the range of 10% to 15% higher installation costs. This is because it will involve a lot of extra
components as generators, link plate, VSD, motors and more automation. However, depending
on the type of vessel, operational costs can be far lower. This is because of the fuel savings and
because the fact the electrical motor needs less maintenance. But there will be needed more
electrical power, which is generated by Generators driven via diesel engines. These
dieselgenerators are controlled by the power management software. And this diesel engines
require maintenance and fuel. New generation dieselgenerators can run on the relatively cheap
Heavy Fuel Oil, and not on the expensive Marine Diesel Oil. Below, we will describe some vessels
which use electric motors in the propulsion.
Almost all dynamic positioning vessels are equipped with electrically driven azimuth thrusters.
In this case only one or two engine rooms will be required. The number of engine rooms
depends on the DP (Dynamic Positioning) class notation. Dynamical positioning is a computer
controlled system that maintains the position and heading of a vessel by the use of her own
rudders and propellers. The position and course will be fixed by indicators of position, wind
sensors, motion sensors and gyro compasses. With this system positions can be held without
anchorage or other tools. There are three different classes:
-

Class DP 1 consist of a system that has no redundancy, the position can be lost with only
1 fault.
Class DP 2 consists of a system that has redundancy, if 1 system doesn’t work properly or
with failures the position will be kept.
Class DP 3 consist of a system that will always indicates and keeps the position. If one
compartment is flooded or on fire the system will still keep the position.

For example: if DP Class 3 is required, the vessel must have 2 engine rooms. The impact could be
even bigger if there were diesel-directly driven azimuth thrusters. Then each thruster will have
his own diesel engine and his own engine room.
More and more, medium-size product tankers are equipped with electric propulsion. This is
because of the fact that already a lot of electrical power is installed for cargo pumps. Starting
from there, the additional costs for electric propulsion, instead of Diesel-direct, are limited. It
may in fact be even cheaper. Examples: James Fisher Everard ‘’Speciality Class’’ (4 ships) and
one ship operated by Anthony Veder.
Further vessels suited for E-propulsion: ferries, cruise-liners and in general ships having a wide
range of operation and/or a big power need for other things, apart from propulsion.
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§ 4.

Different types of E-motors (advantages/disadvantages)

In this research we found out that one motor is commonly used for the propulsion of seagoing
vessels. This is the synchronous motor. Another commonly used motor is the induction motor.
Each of this type of motor has its own disadvantages and advantages which have been found out
in our research.

§ 4.1. DC-Motors
In the past DC-motors were used for the propulsion of seagoing vessels, but they are not used
anymore. They were used in hydrodynamic survey vessels, because of their main advantage: its
smooth running capability. When a ship sails smoother, the measurement of the seabed will be
more precise. This is the main reason DC-motors where used in hydrodynamic survey vessels.
Another advantage of this motor is that the speed can be controlled relatively easy. Because of
the simplicity of the motor a simple power converter can be used. Because of the simplicity of
this motor the power is limited to a maximum of around 5 MW. Therefore the DC-motor isn’t
used for the propulsion of seagoing vessels. Another dangerous disadvantage of this motor is the
maintenance. When maintenance is not carried out correctly, the risk of flashovers in the motor
increases. A flashover is strong electrical current between the carbon brushes and the rotor of
the motor. A flashover can damage the electrical motor and can even cause a fire.

§ 4.2. Synchronous Motor
This motor was commonly used in podded propulsion, because of its great power output. But the
induction motor is making a great rise in podded propulsion. The advantage of the synchronous
motors is that the power is not limited, motors with an output of 100 MW are possible. But the
more power a motor produces, the bigger the motor has to be. Therefore these motors are, in
general, heavy and complicated. This is the major disadvantage of the synchronous motor.
Another disadvantage of the motor is that it needs a starting application. But this disadvantage
can be ‘’converted’’ into an advantage, with the use of frequency converters. With frequency
converters the motor can be started, and it’s speed can be precisely controlled. This is a great
advantage when maneuvering through ports and berthing places. Another disadvantage of the
synchronous motor is its price, its more expensive compared to a induction motor which
produces the same amount of power.

§ 4.3. Induction Motor (Asynchronous motor)
This motor is commonly used on board of ships but not yet for propulsion purposes. However,
the induction motor is making a breakthrough in this sector. When used in cooperation with a
cyclo-converter, this motor doesn’t has any disadvantages. On board the induction motor is
commonly used in pumps, fans and other applications. In these applications the motor is
commonly started under zero-load or with a star-delta starter. If this star-delta starter or
starting under zero-load isn’t used the starting current of the motor would be very high. And
with the immense size of motors we are using for propulsion, the starting current would be so
high that there would be no wiring which could resist that kind of currents. Therefore we use a
cycloconverter, which eliminates the only disadvantage of the induction motor, the need for a
good speed control, and the high starting current. The use of a cyclo-converter also provides
better speed controlling abilities. At the moment, the largest podded thruster is using an
induction motor which has a power of 20 MW.
The induction motor requires a lot less maintenance compared to the DC and Synchronous
motor, because it has no carbon brushes. Therefore the running costs are also lower. Because of
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all these advantages the induction motor will be the motor for the propulsion of seagoing
vessels, at the moment.

§ 4.4. Permanent magnet motor
In the near future 2 new designs of motors will make a breakthrough, but we (as in merchant
shipping) will benefit from only one motor: the permanent magnet motor. This motor is lighter,
smaller and has a higher efficiency compared to the induction and synchronous motors.
If the system stays operational there are no problems, but if a problem occurs reparations would
be a very difficult operation because of the powerful permanent magnets. Great precaution must
be taking when working on this motor. This motor will be discussed in another chapter of the
report, where the actual developments of electric motors will be discussed.
§ 4.5. HTS motor
Another motor which is developed at the moment is the HTS motor (High Temperature
Superconducting motor). This motor will also be discussed further on in the report.
§ 4.6. Speed control via Frequency converters
Frequency converters are widely applied when using electric motors for the propulsion of
seagoing vessels, synchronous or asynchronous(induction). They control the rotations per
minute(RPM) of the motor, which controls the rotation of the propeller and which finally
controls the speed of the ship. There are different types of frequency converters but we will only
explain the cyclo-converter, which is mostly used on board of ships. The cyclo-converter changes
the frequency of the current to the motor, which in the synchronous motor means that the
rotation of the motor only depends on the number of poles like in the formula:
Ns[r/min]=120x (frequency[HZ] / number of poles)
The cycloconverter does the same at the induction motor, but in the induction motor there is a
additional factor, Slip [%]. Slip can be calculated by the formula:
Slip[%] = (Ns-N)/Ns
In both these formulas:
Ns= Synchronous speed [r/min]
N=Rotor speed [r/min]
Frequency=Frequency of the net/motor [Hz]
Number of poles=Number of poles mounted in the motor.
Slip is the percentage of rotations between the frequency of the rotor and the frequency that it
should be turning. Because of this slipfactor the motor doesn’t rotate at synchronous speed
under load. It rotates a bit slower. Although, this isn’t a big issue regarding the rotations per
minute that we use for propulsion purposes.
Another advantage when using frequency converters is the big amount of starting torque
available. When manouevring the starting torque of the motor is essential to get the propeller
turning. When using a diesel engine the starting torque is not as powerfull as when using an
electric-motor.

§ 4.7 Speed control via Controllable Pitch Propeller (CPP)
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Another option besides frequency converters is the use of a CPP (Controllable Pitch Propeller).
When a CPP is used, the electric motor rotates at the same RPM all the time, and the pitch of the
propeller blades is changed to control the direction of the thrust(Ahead/Astern) and the power
of the thrust.

§ 5.

Applications

There are different criteria for choosing diesel-electric propulsion. Examples of criteria like:
manoeuverability, running costs, navigating through ice, economics, emission, noise, vibrations
and mounting flexibility.
On all of these criteria progress can be made regarding diesel-electric propulsion.
On board of the Holland America Line vessel the ‘’Rotterdam’’ two synchronous motors are
placed inside the engine room. The Rotterdam uses five generator sets to power two
synchronous motors with Controllable Pitch Propellers. This is a configuration that is commonly
used on board cruise vessels. On cruise vessels the advantages of using a higher number of
smaller generator sets is that the noise and vibrations on board are reduced to a minimum.
Another advantage to the use of a big/high two-stroke engine is that the generator sets are not
as high as the two-stroke engine and that the decks can run from the front of the ship all the way
to the stern. But these advantages only hold on board of a cruise vessel, aboard of a cargo vessel
these advantages don’t hold up. On board cargo vessels the advantages of lower running costs
for the propulsion and improved manoeuverability are the reason why electric motors are used
for propulsion uses. Improved maneuverability also reduces the running costs of the ship,
because in some situations no tugs have to be ordered.
Another application of the electric motor for the propulsion of seagoing vessels are ice class
vessels. When navigating through iced areas huge forces are implemented to the crankshaft of a
diesel motor. These forces causes twisting and bending moments in the crankshaft which causes
excessive bearing wear and metal fatigue which can cause the crankshaft to break. An electric
motor can withstand these forces and therefore they are used for the propulsion of ice class
ships.
Diesel-electric propulsion can also improve the stability of the ship, because there is no longer a
massive diesel engine in the back of the ship. In diesel-electric systems there are more diesel
generators placed towards the center of the ship. So the center of gravity of the ship is moved
more towards the center of the ship.
The electric motor can be mounted in two ways, in a pod or in the ship.
When the electric motor is placed in a ‘pod’ under the ship, we talk about podded propulsion.
The other solution is a electric motor placed inside the ship and connected to the propeller by a
propeller shaft, just the same as with an diesel motor. When good maneuverability is required,
there will usually be chosen for the podded
propulsion option because the ‘pod’ can be
rotated 360⁰, and so our thrust can be
rotated 360⁰. This has great advantages
when maneuvering in port and areas with
heavy traffic.
Another sort of propulsion is the Azimuth
(Ulstein/Rolls–Royce) thruster, this has all
the same advantages of podded propulsion,
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but the motor is not placed in a ‘pod’ under the ship. The motor is mounted in the engine room,
but not directly to the propeller shaft. The propeller is driven through a set of gears and axles
by,in this case, the electric motor. Although, it can also can be a diesel engine. An advantage of
the Azimuth thruster is that the cooling of the electric motor isn’t a problem. In ‘podded’
propulsion forced cooling must be used to cool the motor down. Another advantage of the
azimuth thruster is that the ‘pod’ under the ship is smaller compared to an azipod, which
improves the hydrodynamic properties of the ship.
Now we will explain several aspects of the azipod. We used the ABB XO2100 as an example.
Other types of azipods may use different techniques and other types of constructions.
§ 5.1. ABB XO2100

Cooling
In this picture the forced cooling of the podded motor is shown. The cooling uses the ships Low
Temperature cooling system to cool the air down.
This is the most recent type of air cooling used for podded motors. Water-cooling is an option
but in case of a leakage there would be a lot of damage done
to the motor. This is the reason water-cooling isn’t used.
Lubrication
The drivingshaft is suspended in 2 axially free roller
bearings. Each bearing is lubricated by 1 oil pump, with an
additional oil pump which is activated if the pressure drops
below a certain limit.
The oil used for the bearings and thrust block is conditioned
(cooling/filtration) aboard of the ship.
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In the rear of the azipod (left in the picture) the trust bearing is
placed.
The trust bearing contains 12 thrust pads for Astern thrust and Ahead
thrust. So the full potential of the electric motor can be used in both
directions (Astern/Ahead). With the conventional Diesel-direct
propulsion the full power can’t be used when maneuvering Astern.
The thrust pads of the Azipod can be changed without dry-docking.

Steering
Rotating the Azipod around it’s vertical axis to alter course
of the vessel is in this type of Azipod accomplished by 4
steering motors. Each of this steering motor has its own
frequency converter. The actual drive between the motor
and the Azipod is accomplished by gears and pinions. Each
steering motor has a steering brake to prevent unwanted
motion of the Azipod.

Propeller
Propellers used with Azipods are FPP types, Fixed Pitch Propellers. A CPP (Controllable Pitch
Propeller) is not necessary because the RPM of the driveshaft can be controlled by the frequency
controllers. And when navigating through iced areas the CPP could be easily damaged by the ice.
A FPP can take more beating then a CPP. The propeller used can be either a Monoblock or with
bolt-on blades.
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§ 6.

E-motors: nowadays developments

In this chapter we will discuss 4 developments:
-

Permanent Magnetism
Superconducting magnets
HTS motor

§ 6.1. Permanent Magnetism
A permanent magnet creates its own magnetic field, the magnets are made from ferromagnetic
materials. Such materials are iron, nickel and cobalt. An example of the most common used is
samarium. In not-ferromagnetic materials the electrons go across the material canceling each
other out. The electrons are spinning in regions, these regions are called a domain. The drawing
below shows what is said above.
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When a external magnetic field is applied, all the electrons spin parallel like this:

In this way all the domains are pointing in the same directing. So the question is: What are
ferromagnetic materials and what make them so magnetic? In the core of the atom of the
material the unpaired electron spins parallel with each other without influence of an external
magnetic field. The magnet will become very strong when an external field will be applied.
The ferromagnetic can be magnetized due to very high temperatures. This is called thermal
agitation. When this temperature is reached, the ordering of the domains disappears and the
magnet is no longer magnetic.
The question now is: How are we going to apply the permanent magnet in an electric motor?
At first, a coil of conducting wire, which is called an armature, is set into the magnetic field of the
permanent magnet. When a current is sent trough the coil it will rotate around the permanent
magnet, but when the coil rotates it also generates a voltage. This voltage will go in the opposite
direction of the windings and therefore block the voltage you put in. However, the voltage putted
un is bigger than the voltage that is created by the rotation of the windings. This voltage depends
from the size of the permanent magnet. The bigger the permanent magnet, the smaller the
voltage. However, the faster the coil is spinning, the higher the voltage will get.
When the mechanical load on the electric motor is increased, the voltage created by the rotation
of the coil will decrease.
§ 6.2. Superconducting magnets
The superconducting magnet are built of coils with windings that are superconducting. Within a
superconducting magnet, there is no resistance. Therefore, when the winding is cooled, there
will be send a current which could, theoretically, run for ever without losing power.
Some of these superconducting materials are tin and aluminum, these are materials that we
comely use. The question therefore is: Why don’t we use it in an electric motor?
The answer is quite simple; in order to get superconductivity you will have to cool the material
to zero degrees. This requires a very complicated cooling installation. Besides, it will also cost a
lot of energy to cool the materials. Roughly you can say: what you win with the superconducting
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magnet, you will lose with the cooling installation. Below we will show a picture of a
superconducting magnet which is used for scientific research. As a conclusion: we don’t think
superconducting magnets will be applied for the propulsion of seagoing vessels.

§ 6.3. High Temperature Superconducting
The motors that the navy will be using in the future are HTS motors: High Temperature
Superconducting. Their advantages are that they are even smaller, lighter and have a higher
efficiency than the Permanent Magnet Motor, which is explained in another chapter of this
report. The big disadvantage is that they have a working temperature of -200 ºC. So these
motors must be cooled by the use of liquid nitrogen, which is a very dangerous substance; in
case of a leakage there would be a great problem on board of the ship.
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§ 7.

Abstract

In chapter 1 we mainly discussed three subjects. In the beginning of this chapter we explained
what diesel-electric propulsion really is. We did this by using the invention of Del Proposto as a
guideline. In chapter 1, in paragraph 1.1, the propulsion system of the first diesel-propelled
vessel is discussed. Chapter 1 ends with a summary which tells us something more about the
advantages of diesel-electric propulsion. Cruise vessel ‘’Queen Elizabeth’’ has an essential role in
these advantages.
In chapter 2 the development of the electric motors throughout the years has been discussed.
The chapter starts with a short introduction. After this, you will learn more about the
development of the DC and AC-motor throughout the years.
In the report we will discuss the costs involved with diesel-electric propulsion. The installation
of an electric motor will obviously lead to significantly higher installation costs. This is because it
will involve a lot of extra components such as generators, link plate, VSD, motors and more
automation. However, depending on the type of vessel, operational costs can be far lower. This is
because of the fuel savings and because the fact the electrical motor needs less maintenance.
A very interesting part of this report is chapter 4. In this chapter we investigated and described
the advantages and disadvantages of the different types of electric motors. The following electric
motors have been assessed in paragraph 4.1-4.6:
-

DC-motors
Synchronous motor
Induction motors
Permanent magnet motor
HTS motor

In chapter 5 we examined the applications of diesel-electric propulsion. The chapter starts with
a general part about the applications of DE-propulsion onboard cruise vessels and DP-vessels.
After this, in paragraph 5.1., the working of a azipod is investigated. We decided to discuss a
azipod of the company ABB. The paragraph tells you more about the cooling, lubrication,
steering and propelling of a azipod.
The actual development of the electric motor is discussed in chapter 6. Several developments
have been discussed:
-

§ 8.

The Parallel Path motor
Permanent Magnetism
Superconducting magnets
HTS motor

Conclusion
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The main question of this research was: What are the possibilities of the electric motor in
maritime propulsion? Via a series of sub-questions we have found an answer to this question.

-What has the development of the electric motor been throughout the years?

Throughout the years the electric motor is improved considerably. Better materials are used, the
speed of the motor is better controllable and overall efficiency has been improved.

-What effect will installing an electric motor have on the overall costs of the
propulsion?

The use of diesel-electric propulsion over diesel-direct propulsion will lead to higher costs when
building the ship, around 10-15% higher, because of all the extra components needed for the
electrical plant. But the overall running costs can be lower than diesel-direct, especially on
medium sized tankers, where there is already a lot of electricity needed for cargo pumps and
heaters. On these ships the costs of diesel-electric may even be cheaper than diesel-direct.

-What are the different types of electric motors and what are the advantages and
disadvantages of these types?

There are 2 types of electric motors used nowadays for propulsion of seagoing vessels:
-The synchronous motor
-The asynchronous motor
The synchronous motor has the advantages that there is almost no limit to its power, but
disadvantages are that is needs a starting application, its weight and size and price compared to
a asynchronous motor.
The other motor used nowadays is the asynchronous motor, power is limited to about 20MW
but is a great deal lighter and smaller than the synchronous motor. And with the use of a
cycloconverter the speed can be precisely controlled and there are practically no disadvantages.
-On what aspects can the electric motor still be improved?
On the current motors, better (more expensive) materials can be used to increase the efficiency
of the motor. But technology is always developing so there are also new designs of electric
motors, such as the Permanent magnet motors and HTS motors.

-What are the possibilities of the electric motor for the propulsion of seagoing
vessels?

We have concluded that there are many possibilities for the propulsion of seagoing vessels. The
electric motor produces less vibrations and noise compared to a diesel engine. Can lower the
overall running costs of the ship. Improve manoeuvrability of the ship. Make the ship more
resistant to ice (beating of the crankshaft), improve flexibility of the placing of the
dieselgenerators in the ship (centre of gravity).
With all these advantages it is obvious that there a great number of possibilities for the electric
motor in use of the propulsion of seagoing vessels.
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§ 10. Appendix
§ 10.1. Engine selection
The development of reliable high-power semi-conductor devices and their control systems have
led to a new generation of AC/AC electrical drives. The development of devices such as
transistors, thyristors and integrated circuits has given the old technology new relevance.
Nowadays this new relevance is used in synchro-converter or cyclo-converter systems. These
are two very popular systems in use. Thyristors are available in various configurations.
Diesel-electric transmission provides lots of advantages. Some examples:
-

Flexibility in the arrangement of the main components such as switchgears, gensets,
converters and propulsion motors.
Power station concept.
Flexibility of operation.
Distribution of propulsion and hotel load.

A well-known disadvantage is the fact that the electrical transmission has the disadvantage of
higher investment and equipment costs. Besides this, the propulsion losses are higher than the
mechanical transmission.
These disadvantages must be compensated to justify the decision in favour of the electric
transmission system. This can, for example, be justified by using the saved space. In this way a
higher number of cabins can be achieved. Another possibility is adjusting the number of Gensets
in operation by the power management system, so that the right amount of power is produced.
The load profile and the mission profile of the vessel are of eminent importance to reach the
optimal number of gensets in operation. These 2 profiles will decide whether or not electrical
transmission can be justified.
Nowadays, the system suppliers are promoting smaller high-speed generators. This is to reduce
the equipment cast, for example the cast for the generators. However, high-speed-generators
require high-speed diesel engines. Therefore V-engines are often used in diesel-electricpropulsion.
When you compare the V-engines with large-bore-in-line engines, there are some big
differences. V-engines require a higher number of cylinders and consequently higher cylinder
running hours, in order to achieve the same load as a large-bore-in-line engine. Due to the higher
cylinder running hours, the maintenance and spare part costs will be higher. Next to this, the Vengine will have higher fuel consumption due to the difference in specific fuel consumption
between V-engines and large-bore-in-line engines.

- 23 -

Electric power transmission ensures there is freedom of placing the power station which is
suited best regarding the requirements of the owner or architect. In this case, a few choices can
be made:
-

-

Placing the electric propulsion motor outside the ship’s hull is mostly done to save
space. The electric propulsion motor outside the vessel is well known as the
‘’Azimuthing Podded Drivers’’. Shipyards and shipowners are all well known with
this development.
There’s also a choice between vertical of horizontal engine room arrangement. This
will mainly be dictated by the weight and space required of the power station.

§ 10.2. Emissions with diesel-electric propulsion
Diesel-electric propulsion is a great way for ships to reach the attribute of ‘’green ships’’. This is
mainly because the engines, when running at constant speed, can be adjusted in such a manner
that the exhaust gas contains only a minimum percentage of harmful pollutants. This percentage
can be reduced even more when the ship-owner decides to use low-sulphur marine diesel oil
rather than heavy-fuel oil. Moreover, compared with a diesel engine operating at variable speed
the constant-speed engine will produce less Co2 and Nox.
It’s also possible to further reduce the noxious pollutants in combustion engine exhaust gases.
This can be done by external and internal measures. Areas which can be improved are:
-

Start and intensity of fuel injection
Change of the compression ratio
Fuel injections pressure
Fuel/water emulsion injection
Fuel distribution
SCR: Selective Catalytic Reduction

NOx emissions can be further reduced with only a slight increase in specific fuel consumption.
Engine tests and calculations have shown that a combination of higher compressions ratio,
retarded injection and optimized injection intensity could lead to lower NOx emissions. This will
lead to negative and positive efficiency changes. Although, these steps compensate each other
well so that the NOx reduction is the only decisive effect. A additional cost investment is
necessary for further NOx reduction: the injection of a fuel/water emulsion. This is a very
reliable method for reducing NOx.
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