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SCHOTTEL GmbH & Co. KG

Mr. Joachim Müller is 40 years old. He studied mechanical engineering and marketing, graduating in
1989, and started his professional career in the development department of four stroke medium speed
Diesel engines at MAN B&W, Augsburg.

He joined SCHOTTEL as sales manager for offshore applications and tugs.
Here he made his first experiences in acquiring and sales of large azimuth thrusters

In 1995 he joined KCH, a leading manufacturer in the process engineering field of the steel industry.
He was responsible as a project manager for the installation of pickling plants in South Korea.
Later he was located in Thailand as Key Account manager.

With introduction of the SSP he joined SCHOTTEL again and became the head of the SSP sales and
project department at SCHOTTEL.

Presently Mr. Joachim Müller is responsible for the offshore and sea going projects at SCHOTTEL and
he is the Key Account for China.
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Joachim Müller, Dipl.-Ing., Sales

New concepts for electrically driven Pod systems

INTRODUCTION

Diesel-electric Pod drives are well known and have become the standard drive for large cruise liners and
ferries.

The teething problems which these drives faced at the beginning seem to have been solved.

But are these drives already reliable and economical enough as propulsion systems for offshore vessels?

In the power range from 1 to 5 MW, SCHOTTEL has developed new concepts based on simplicity and
ingenious ideas, working on the basis that “every part you leave out cannot fail”.

Two different systems have been developed: a small Pod system for a power range of up to 5 MW using a
simple, straightforward asynchronous motor, and a combination of Pod and mechanical azimuthing
thruster, the so-called Combi Drive. This paper provides an overview of the development of both systems
and their current references.



Joachim Mueller SCHOTTEL          New concepts for electrically driven Pod systems

Dynamic Positioning Conference September 28-30, 2003 Page #

Pod solutions

The optimum in terms of mechanical efficiency and space requirements are the small Pod systems.
As there are no gears involved, mechanical losses are kept well below 1%.

The electric motor is located in the Pod outside the ship.

When the small Pods were developed at SCHOTTEL, the focus was on:

• Simplicity
• Easy maintenance and the possibility of carrying out repairs worldwide
• Comparability with all available “off-the-shelf” electrical drive systems
• Cost-effectiveness

In order to become competitive with conventional mechanical azimuthing thrusters, the target was to be
comparable in price.

To realize this target as far as possible, it is necessary to use standard parts and design concepts.
The Pod must be as simple as possible in order to reduce costs and downtime. The first step in avoiding
complexity was to avoid any forced air cooling.

Furthermore, the intention was to use a standard “off-the-shelf” asynchronous motor.
The advantage of this type of motor, apart from its cost-effectiveness, is its simple and reliable design.
The electrical behaviour of this type of motor is well known to any supplier of electric ship drive systems.
This is a key issue because the motor can be driven and controlled by a PWM converter of any make.
This gives owners and shipyards freedom of choice.

But sticking to simplicity and off-the-shelf solutions will pose problems, too.
The electrical losses are about 5-6%, of which the rotor alone produces at least 2-3%.
How can these electrical losses be cooled if you are restricted to seawater cooling?

The losses from the stator can be transferred to the seawater through the outer gondola housing, which is
made of a special bronze material.

But how can you cool the rotor which is located inside the Pod?
The solution is a hollow propeller shaft of increased diameter.
The rotor is shrunk onto the shaft, providing optimum heat transmission.

Clever as the idea may initially seem, many other questions arise later.
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• Does enough water flow through the shaft to ensure sufficient heat dissipation?
• What is the influence of the hollow shaft on the hydrodynamic performance of the overall Pod system?
• Are there significant differences in efficiency between a conventional closed shaft and the hollow

shaft?

To answer these questions clearly, three different investigation methods are used.

- Computer Fluid Design Analysis (CFD) to determine the flow behaviour around the housing and inside
the hollow shaft

- Air channel test
- Model tests in the cavitation tank

The results of these three methods must be checked for correlation.

The CFD method was used first of all to determine the divergence of the stagnation pressure at the
propeller hub with the open (hollow) and closed shaft.
The simulation of the water flow through the hollow shaft shows a reduction of approx. 10% only in the
area of the outer housing.

Divergence of the stagnation pressure at the propeller hub

Closed shaft open (hollow) shaft

Waterflow through the open (hollow) shaft
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The air channel tests show similar results (approx. 7 %).

This percentage remains even up to azimuth angles of ±10°, which confirms that there is sufficient water
throughput even during steering manoeuvres.

After these tests, a 1:9.6-scale model of the Pod was prepared in order to perform model tests in the
cavitation tank.

A speed measurement of the water flow in the stream of the aft propeller confirmed the values and results
of the CFD analysis and the air channel test.

The free-running tests were carried out with open (hollow) and closed propeller shafts. The results were
very similar, with a slight tendency to improved values for the hollow shaft, which probably results in the
lower stagnation pressure at the propeller hub.

+/- 10°

Air chanel test

Model drive with hollow shaft and cooling gaps at the strut
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Comparison free running characteristic
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The three different investigation methods give the following results:

• The water flow through the hollow shaft is only slightly lower than the speed of advance of the Pod
housing.
This results in high water throughput, which does not drop even in the case of azimuth angles of up to
±10° and does not stop even with angles greater than this.
Sufficient heat transmission is therefore ensured.

• The hollow shaft has no negative influence or efficiency losses compared to a closed shaft.

The theoretical and model tests were confirmed later in a full-scale test of the Pod unit in a dock. Here, a
full load test was performed in order to check the heat dissipation and also the performance of mechanical
and electrical parts, such as bearings, seals, etc. The results show that the heat transmission to the
seawater was better than that determined in the theoretical tests above.

After the full load test, the whole unit was disassembled to check the condition of the bearings, seals and
shafts. Everything was found to be in order, so no modification of the existing design was necessary.

POD full scale test
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Mechanical design
The stator of the asynchronous motor is shrunk into
the cylindrical motor housing made of a special
bronze material. The rotor is likewise shrunk onto the
hollow propeller shaft. The shaft is also made of a
special bronze material, giving optimum heat transfer
combined with sufficient tensile strength of the
material in order to fix the shaft bearings securely to
their corresponding shaft seatings.

The bearing arrangement is based on the design of
mechanical azimuth thrusters.
It consists of a pair of radial roller bearings and one
thrust bearing.
Because of its oversized diameter (hollow shaft), the
shaft bearing lifetime is infinite.

The seals are also based on proven technology from
the mechanical thruster series combined with some
additional features required in a Pod.

The basic sealing system, as used for normal
draught operations (not semisubmersible), is
separated into two parts: an oil side and a seawater
side.
In between is an air chamber with an integrated
emergency seal.

The water-lubricated seawater sealing chamber
consists of a double-lip seal package and a particle
seal and is connected to a bilge compartment inside
the Pod. The bilge is controlled by sensors and
discharged by two bilge pumps.

The oil sealing chamber consists of two lip seals
running against each other with an oil chamber for
lubrication in between.

The air chamber between the two sealing systems
separates the oil side from the seawater side.
Leaked seawater is discharged to the bilge inside the
Pod unit. Leaked oil is likewise led via the air
chamber to the bilge.
The air chamber ensures that no mixed lubrication
conditions arise for the different sealing materials (no
water-oil emulsion).

The emergency seal consists of a “Pneumo Stop” system: an inflatable rubber ring which closes the Pod
compartment hermetically against leaking seawater.

Alternative sealing systems could also be provided, depending on the operating conditions of the vessel.
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Power transmission is provided by a slipring unit on top of the Pod. All auxiliary systems are arranged
around the slipring on a ring frame. Easy to access for maintenance and repair.

In its basic version, the pod is installed in the vessel as a single unit from underneath.

Ring gear with Azimuth gear

Stator shrinked into the motor housing
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Underwater mounting

Because the Pod is developed as a single unit, it can be installed underwater with the aid of an ROV.
A watertight cover is fitted on top and the Pod can be lifted to the connecting flange of the vessel.
The hull opening is covered by a removable dome during installation.

Mariage of Rotor and Stator
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Standard “ dry” instalation in a dock
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Combi Drive
For some installations, saving space is an important criterion.

Moreover, not everyone likes having a main electric motor located
underwater in a gondola with no access to the essential parts, as is
the case with a Pod system.

Additionally, Pod systems require a considerable amount of
equipment for monitoring and control in order to assure the safe
functioning of the essential parts which are not visible and
accessible down in the gondola.
The complexity of a Pod system is also reflected in the investment
costs for such a system.

With these arguments in mind, it was a logical step to upgrade
existing mechanical thrusters and “Podize” them, taking the best
features from the Pod system, such as compactness and low
mechanical losses, and combining them skilfully with the proven,
straightforward mechanics of the existing azimuthing thruster
series.

In detail:
Take the lower gear and the strut from an existing mechanical thruster series and add on top an A-module
from a Pod partly housing a vertically arranged electric motor.
The motor is connected via an elastic coupling to the vertical power transmission shaft inside the strut.

The advantages of this combination (Combi Drive) are:

• Compact design (“shortened” L-thruster) inside the vessel
• Low-cost Pod
• Electric motor combined with the thruster as a single unit
• Reduced gear losses (only 3% mechanical losses remaining)
• Fewer mechanical parts (dispensing with upper gear)
• No alignment of gear, shaft line and electric motor
• Utilization of proven mech. parts from existing thruster series

As with the Pod, the Combi Drive can also be mounted underwater.
The same mounting system is used as with the Pod.

Data Unit SCD1515 SCD2020 SCD3030

Max. Motor power [MW] 2.1 2,7 3.8

Motor speed [rpm] 750 800 825

Propeller diameter [m] 2.5 2.6 3.3

Combi-Drive Type Range
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Conclusion
Simplicity is the key to reliability and safety in operation. Costs can be reduced even more if the systems
are kept simple.

The two new Pod drive concepts introduced above:
• the SEP Pod with asynchronous motor and full seawater cooling
• the SCD Combi Drive – a combination of an electric drive system with proven mechanical components

show how such systems will probably look in the future.




