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Vorführender
Präsentationsnotizen
So what is an Azipod? 
How does it work? 
Who manufactures them?
What types of vessel or operation is it suitable for? 
What are its advantages?  
What are the problems? 
What developments are likely in the Future?
I will finish with a few conclusions. 




Introduction – History & Development

Vorführender
Präsentationsnotizen
Man probably first commenced his love of the sea and the use of marine transportation sitting on a floating tree trunk and propelling it through the water using a piece of branch as a paddle.  Since then ship designers and marine engineers have sought ever faster, more efficient and economic means of propulsion and more hydrodynamic hull forms.
 
From the simple paddle or oar developed the powerful naval triremes and quinqueremes of ancient Phoenicia, Athens and Rome, which dominated the Mediterranean waters as early as the seventh century BC.  Early forms of sailing vessels developed into the sleek tea and wool clippers of the late nineteenth and early twentieth centuries and the modern racing yachts of today. 
 
The power required for propulsion has evolved from that provided by man and the wind to mechanical means, first using steam, then to diesel, nuclear, and also to gas turbines and electrical power. The means of propulsion changed from the oar or sail to paddle wheels, which in turn were replaced by the more efficient screw propellers.  These later developed from the original fixed pitch two blades, to multiblades, variable pitch, contra-rotating, shrouded nozzles, etc  as additional flexibility and efficiency were sought.  Subsequently other forms of propulsion have been used including water jets and azimuthing systems.
 
In the 1950’s the first steerable propellers were developed which were the forerunners of the azimuthing systems that have become increasing popular today as a means of propulsion.  
 
Because of their ability to provide a vessel with excellent manoeuvrability, azimuthing propulsion systems fitted typically on harbour tugs have been in use for more than 50 years. Their big advantage is that the propulsion is able to rapidly operate in any direction, rather than just the ahead/astern mode of the conventional propeller.  Generally these systems have direct drive through a series of gears and shafts, which transfer the engine rotation from horizontal to vertical and then back to horizontal in order to drive the propeller.
 
Azipods are a further development of this concept in the form of an azimuthing electrical propulsion system, which is capable of turning through 360 degrees. Development of Azipods commenced in the mid 1980’s and the earliest examples of units being fitted to ships were around 1990 (ABB) 
 
Today, many of the latest generation of passenger vessels are being built with Azipods. But the technology is also in use in many other types of vessels, including tugs, icebreakersand various cargo vessels 


http://www.solarnavigator.net/solarnavigator.htm�


What is an azipod?

“Azipod” is a registered trademark for ABB’s electrical propulsion systems

azipod has become the generic name for all manufacturers systems

An Azipod or podded propulsor to give it its technical name is a propulsion or 
manoeuvring device that is external to the ship’s hull and houses a propeller 
powering capability.  This definition differentiates them from azimuthing thrusters 
which have their powering machinery within the hull and usually drive the propeller 
through a system of shafts and gearing.

Vorführender
Präsentationsnotizen
The name “Azipod” was in fact registered as a trademark by ABB for a family of electrical propulsion systems being developed in the mid 1980’s.  However, the name has become the generic name for all such podded propulsion systems whichever manufacturer produced them, in the same way that “hoover” is synonymous with vacuum cleaners. 
An Azipod or podded propulsor to give it its technical name is a propulsion or manoeuvring device that is external to the ship’s hull and houses a propeller powering capability.  This definition differentiate them from azimuthing thrusters which have their powering machinery within the hull and usually drive the propeller through a system of shafts and gearing.





TYPICAL AZIMUTHING PROPULSOR POD 

Vorführender
Präsentationsnotizen
In very basic terms the azipod consists of a large electric motor contained within the pod casing which drives a propeller fitted at the forward end via a short drive shaft.  The motor receives its electrical power from generators within the vessel’s hull.  At the top of the pod, where it is attached to the hull there is an azimuthing system comprising a slewing ring and azimuth motor or motors.  The system can typically turn the whole pod through 360 degrees so that the propeller can face in any direction. 




POD INTERNALS

Vorführender
Präsentationsnotizen
This diagram clearly shows the basic components contained within the pod.  The electric motor rotor is fitted onto the short shaft which is supported by the rear  or NDE Non-Drive end bearing at one end and the front or DE Drive End bearing.  A fixed propeller is fitted on the front end of the shaft. 




ARRANGEMENT – POD HOUSING

Vorführender
Präsentationsnotizen
This disgram also shows the top of the pod including the installation block, steering motorand the slipring unit which allows power and data transmission – electrical power to the motor and performance data back to the control system.




Electrical Propulsion

Vorführender
Präsentationsnotizen
This shows three different electrical propulsion types.  On the left is a typical fixed propeller fitted onto an electrically driven shaft.  In the centre is a azimuth propulsor with the electric motors positioned inside the vessel and the propeller driven by means of a series of shafts and gearing.  On the right is an azipod 



PROPULSION SYSTEM DESIGN

Vorführender
Präsentationsnotizen
This shows a typical electrical propulsion system with the diesel motors and generators positioned in a convenient location within the hull and power fed through frequency converters to the propulsion pods positioned outside and beneath the after hull




INTEGRATED ELECTRICAL POD PROPULSION

Vorführender
Präsentationsnotizen
This diagram shows the integrated system.  Not only is electrical power fed to the main pod propulsion but it is also fed to the bow thrusters.  The whole system is integrated by a control system which coordinates the two pods and the thrusters for manoeuvring purposes.  This control system is also linked to the navigation and steering systems so that automatic steering can be utilsed and DP mode is available

One of the attributes of this system is Dynamic Positioning or DP mode which allows the vessel to utilise the pod propulsors and the bow thrusters which is linked to the vessel’s navigation system particularly the global positioning system to maintain a position which is accurate to around 1% of the vessel length.  This allows the vessel to “hover” in one place rather than having to anchor or moor.  This is of particular value when calling at a port which does not have berthing facilities.  The vessel’s tenders are utilised to ferry passengers ashore to a suitable landing point. Conventional ships would anchor which in some areas could cause considerable damage to the sea bed.  Also as the tide or wind  changes the vessel would rotate around the anchor sweeping out a significant area.




DESIGN FLEXIBILITY

Conventional propulsion Azimuthing podded propulsion

Vorführender
Präsentationsnotizen
One big advantage of electrical propulsion particularly combined with pods is the possibility of design flexibility.  With conventional propulsion the main engine, shaft and propeller are normally in line so that the engine area extends some way forward from the stern.  However, as can be seen in the right hand diagram using a number of smaller engines linked to generators combined with pod propulsors the machinery space can be smaller and better sited to allow maximum earning capacity,  



QUEEN MARY AZIMUTHING POD

Vorführender
Präsentationsnotizen
A large cruise ship today such as the Queen Mary 2 produces 118MW enough power to meet the requirements of a town of 300,000 people the size of Southampton her home port.  Her four pods are rated at 21,5 MW each 

The QM2 has a main power plant consisting of four large diesel engines and in addition two marine gas turbines which can provide the additional power required when the ship needs maximum power for propulsion 


http://www.ship-technology.com/projects/queen_mary/index.html�


QUEEN MARY II – FITTING OF PODS

Vorführender
Präsentationsnotizen
The two pods at the front are fixed, however the two at the stern are azipods and able to rotate through 360 degrees.

The QM2 has a main power plant consisting of four large diesel engines and in addition two aero derived gas turbines which can provide an additional 50MW power if required when the ship needs maximum power for propulsion 




Different Makes of  Pods

Vorführender
Präsentationsnotizen
ABB
Rolls Royce / Alstom
Siemens Schottel
Sam Electronics / Wartsila
There are four main manufacturers of Azipods.  The name “Azipod” was in fact registered as a trademark by ABB for a family of electrical propulsion systems being developed in the mid 1980’s.  However, the name has become the generic name for all such podded propulsion systems whichever manufacturer produced them, in the same way that “hoover” is synonymous with vacuum cleaners. 
Apart from ABB the other main manufacturers have been Rolls Royce/Alstom who produce the Mermaid range of pods and Siemens/Schottel who have developed the SSP twin screw pod.  Sam Electronics of Germany teamed up with Wartsila to develop the Dolphin range of pods




Applications for Cruise Ships
Increasing market – strong advantages
 Noise and vibration – comfort requirements

 Reliability and availability – Passenger safety

 Improved manoeuvrability gives greater safety & allows greater range of ports

 Increased propulsion efficiency – increase in speed

 Large non propulsion electric load (large cruiseliner ~ 10-15 MW)

 Use of DP mode for safety, reduces anchor damage to reefs

 Emission concerns, fines for smoke emissions, especially in coastal & recreational areas

 Frees up internal space for revenue generation
Fines

Vorführender
Präsentationsnotizen
Less space required so more space for passengers and cargo revenue generation
Greater flexibility in hull and machinery layout/design 
Access to wider range of ports where tugs not available 
Better hydrodynamics 
Lower operating costs 
Shorter build times
Later delivery of machinery so later capital expenditure
10-15 percent savings in fuel and reduction of pollution 
Constant speed engines emit less pollution
Icebreakers can break up to 10% thicker ice
Shorter maintenance or repair times 
Reduced noise and vibration 
Better vessel manoeuvrability 




OIL RIGS, TANKERS, PRODUCTION VESSELS

High demand of station-keeping & DP operation

High electrical loads for production and drilling

Typical installed electric power 25 to 55 MW

All weather operational requirements

Vorführender
Präsentationsnotizen
Generally whilst there are distinct advantages for electrical propulsion many such vessels have azimuthing propulsion rather than pods 



ICE BREAKERS
Significant and rapid load variation – almost shock loading

High dynamic performance required – tripping undesirable

High torque at low speed

Electric propulsion in new buildings since 1980

Typical propulsion power 5 – 55 MW depending on ice-breaking 
capability

High manoeuvrability and use of wash



FURTHER APPLICATIONS

Various other vessel types:

Freight & Passenger Ferries

Tankers

Research Vessels

Yachts particularly megayachts over 130ft 

Pleasure Craft

Warships

Offshore supply vessels

Dredgers

Vorführender
Präsentationsnotizen
One of the big advantages of using Azipod propulsion is the significantly improved manoeuvring ability of the vessel. 

The ship can turn in its own length and move sideways whilst a conventional vessel is unable to perform these manoeuvres unless tugs are utilised at forward and aft to assist.  For any type of ship fitted with azipods whether passenger/cruise or cargo vessel, this can have a major improvement in the operating cost because in normal conditions for the majority of ports no tugs will be required.  
 
Not only does this allow cost savings whilst entering and leaving ports, but also it allows a cruise ship operator to include in the schedule ever more exotic and smaller ports which do not have tugs. 
 
Another advantage of the additional manoeuvrability is the saving of time from Pilot station or port entrance to being secured alongside the berth and similarly when leaving.  As well as assisting with maintaining the ship’s schedule but it can also assist with some reduction in fuel consumption.
 
Also when visiting ports that do not have suitable berths, vessels previously anchored in relatively shallow just outside and use tenders to ferry passengers ashore.  Now, the ship fitted with azipods and bow thrusters can utilise the Dynamic Positioning mode which will accurately keep the vessel “hovering” on station.  An example of this is vessels visiting the volcano caldera of Santorini Island in the eastern Mediterranean will hover in 400m depth of water rather than making the more hazardous approach to the shallow water to anchor.
 
Crash stops.  Generally on a typical propulsion system the maximum astern or reverse power is approximately 75 – 80% of the power available ahead in the forward direction.  There is also a time delay as the system is stopped and then put into reverse, which in an emergency situation could make a significant difference between a miss and a collision.  A ship fitted with azipods is able to rotate the pods from ahead to astern, immediately having full power available. 
 
Tighter turning circles.  The turning circle data at full speed for a vessel fitted with Azipods shows that the movement in both forward and sideways directions is approximately 30% less than a similar sistership fitted with conventional propellers and rudders.

Safer manoeuvring to berth

 
We have produced two video clips which demonstrate the difference between identical vessels one with conventional propellers and rudders and the other fitted with azipods.





Manoeuvrability
One of the big advantages of using azipod propulsion is the significantly improved 
manoeuvring ability of the vessel. 

The ship is able to turn in its own length and move sideways.  This ability reduces or 
eliminates the requirement for tug assistance and gives shorter berthing & 
unberthing times

Dynamic Positioning mode allows “hovering” in a fixed position 

Tighter turning circle (approximately 30% less) 

Emergency crash stops

Vorführender
Präsentationsnotizen
One of the big advantages of using Azipod propulsion is the significantly improved manoeuvring ability of the vessel. 

The ship can turn in its own length and move sideways whilst a conventional vessel is unable to perform these manoeuvres unless tugs are utilised at forward and aft to assist.  For any type of ship fitted with azipods whether passenger/cruise or cargo vessel, this can have a major improvement in the operating cost because in normal conditions for the majority of ports no tugs will be required.  
 
Not only does this allow cost savings whilst entering and leaving ports, but also it allows a cruise ship operator to include in the schedule ever more exotic and smaller ports which do not have tugs. 
 
Another advantage of the additional manoeuvrability is the saving of time from Pilot station or port entrance to being secured alongside the berth and similarly when leaving.  As well as assisting with maintaining the ship’s schedule but it can also assist with some reduction in fuel consumption.
 
Also when visiting ports that do not have suitable berths, vessels previously anchored in relatively shallow just outside and use tenders to ferry passengers ashore.  Now, the ship fitted with azipods and bow thrusters can utilise the Dynamic Positioning mode which will accurately keep the vessel “hovering” on station.  An example of this is vessels visiting the volcano caldera of Santorini Island in the eastern Mediterranean will hover in 400m depth of water rather than making the more hazardous approach to the shallow water to anchor.
 
Crash stops.  Generally on a typical propulsion system the maximum astern or reverse power is approximately 75 – 80% of the power available ahead in the forward direction.  There is also a time delay as the system is stopped and then put into reverse, which in an emergency situation could make a significant difference between a miss and a collision.  A ship fitted with azipods is able to rotate the pods from ahead to astern, immediately having full power available. 
 
Tighter turning circles.  The turning circle data at full speed for a vessel fitted with Azipods shows that the movement in both forward and sideways directions is approximately 30% less than a similar sistership fitted with conventional propellers and rudders.

Safer manoeuvring to berth

 
We have produced two video clips which demonstrate the difference between identical vessels one with conventional propellers and rudders and the other fitted with azipods.








Disadvantages of azipods

•High initial capital cost

•Substantial cost of repairs

•Vessel crew training for new equipment

•Technology still needs to be made reliable and more predictable 

•New ports may include new problems.  

Vorführender
Präsentationsnotizen
Many cruise operators and vessels are now supplied with BMT’s Rembrandt simulation system which allows the department arranging cruise schedules to simulate & evaluate port entry, and also prior to arrival the Master and officers can simulate the conditions and manoeuvres necessary for berthing.




Problems and Failures

•Bearing failures on some types of units

•Contacts & groundings resulting in major damage, particularly to 
propellers

•Maintaining watertight seals underwater

•Electrical motor windings failures



Slewing ring for a 7.5MW azipod



Propeller repairs



Temporary replacement for damage pod



Electrical rotor under inspection & repair



The Future?
Continued development of Azipods and other similar systems

More power, greater efficiency, improving reliability, better 
hydrodynamics, etc

ABB’s CRP Azipod concept utilises a conventional shafted 
propeller with an azipod immediately aft of it

Combines different power sources so if one fails then the other 
still provides propulsion

Expected to be more economical for large vessels e.g new 
generation large Container ships 

http://www.ship-technology.com/contractor_images/abb/Propulsion-Image-4.jpg�


Conclusions

Generally successful propulsion and manoeuvring system

Particularly popular with cruise ship operators

Expect increasing use of azipods on numbers and types of future vessels

Susceptible to contact damage due to external position

Susceptible to some bearing, electrical and seal problems

Continuing development should reduce early problems

Expensive to repair – specialist repairs by manufacturers

Any failures very expensive in cancelled cruises

Units currently relatively new. Query increasing problems with time

Question - Have Hull & Machinery underwriters been subsidising the 
continuing development of azipods over the last 10 years?



Azipod Propulsion

Thank you for listening

Any Questions?
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