05-040 MW11
Twin engines: A blessing in disguise?
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Summary
This research study concentrates on the possibilities to combine the auxiliary systems of the two main engines without reducing the reliability. Combining the auxiliary systems could be a way of reducing the high initial costs of a twin engine configuration and to overcome the other disadvantages of this configuration. A fault-tree analysis has been made to calculate the reliability of the different combinations. The results have been compared with the reliability of the not-combined system and it was found that loss of reliability was caused by so called critical components. From these critical components the failure rate must be brought down by either parallel installation or by reducing the failure rate. When this is done numerous combinations are possible.
1.
Introduction

Driven by a quest for economies of scale, the maximum size of container vessels has been rapidly increasing over the past twenty to thirty years. From a capacity of 3.000 TEU in 1973 to a capacity of 10.000 TEU nowadays, while the drawings of a 12.000 TEU vessels are already being made[8]. These growing container vessels are reaching the limits of the traditional propulsion systems, consisting of a single low-speed engine coupled to a fixed-pitch propeller. The biggest engine available by Wärtsila, one of the leading engine manufactures, is a 14-cylinder Sulzer RTA96C [7].
Leading engine manufacturers believe that neither increasing the number of cylinders nor extremely large bore sizes will offer real solutions because of limitations in technology, manufacturing and handling. An alternative propulsion configuration will be necessary.
One of the alternatives is the twin engine/screw configuration. Earlier studies [7,8] have already presented the advantages of a twin engine configuration above a single engine configuration. The twin engine/screw configuration requires less power, provides propulsion redundancy and improved vessel manoeuverability. At the same time the annual operating costs are lower. However the modern shipyards are not pleased with this solution, since the design of the hull must be altered and it brings more then double the cost of a single engine installation. This is caused by double the system and additional steelwork.
The question is whether these double costs are necassery. A lot of components of the auxiliary systems are double installed. Isn’t it possible to combine components of auxiliary systems and so bringing the initial cost down? 
2.
Research objective
Arbitrary combining components of the auxiliary systems will result in loss of redundancy and reduced reliability. Reliability has become an issue as the value of the loaded cargo increases, reaching perhaps one billion euros with super container vessels. What brings us to the objective of this research;

To investigate the possibilities of combining auxiliary systems for a twin engine container ship, without reducing the reliability.
3.
Research approach
To achieve the research objective a literature study was started to find the legal requirements for a container vessel. Most container vessels are classified by Germanischer Lloyd [9], which gives a minimum speed under normal weather conditions when a failure in a propulsion or steering system occurs. This minimum speed must be at least 7 knots.  With this minimum speed an estimation of the required propulsion power was made with the method of Holtrop & Mennen [4]. To keep a speed of 7 knots in normal weather conditions the engines have to deliver 3% of the Maximum Continues Rating (MCR). Because the engines have a minimum output of 12 % MCR the prolusion system will only fail to achieve this requirement when total propulsion is lost. This describes the failure definition of the model to be made and to be analyzed.
At the same time an inventory was made of the essential components of the different auxiliary systems, most likely to cause a total failure of the propulsion system. These components have a first order Failure Mode Cause Combination (FMCC). See figure 1.
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Figure 1 Concept fault tree with 1st  and 2nd  order Failure Mode Cause Combination (FMCC).
With the essential components known for the different auxiliary systems, concept fault-trees were made and these were used to make a computer model for a reliability analysis. 
These computer models describe the water-cooling system, the high-pressure air system, Heavy Fuel Oil (HFO) system and the Medium Diesel Oil (MDO) system. 
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Figure 2 Part of concept fault tree showing its complexity.
The OREDA database [1] and an earlier research rapport [5] are used to establish the failure rate of the different components. The OREDA database is a database composed by leading oil companies consisting of statistical data describing the failure rate of different system components. 

With the results of the concept fault-tree-analysis the critical components are identified. For these critical components a more extensive fault-tree-analysis has been made to make it possible to find the reasons most likely to cause a total loss of propulsion. With these results conclusions are drawn and recommendations are given for the twin engine configuration.
4. Results and discussion
To insure enough reliability in all four not combined auxiliary systems there are a lot of components both double and parallel installed by the manufacturer. 
The consequence of this parallel installation is an extremely high reliability which will always become less when one component is left out. This is exactly the opposite of what was tried to achieve. 
From the computer models it turned out that the only way to keep the reliability on the same level and leave components out is to bring the failure rate of the critical components down. These critical components have failure rates around 2 to 10 times higher then non critical components and they are first order FMCC’s. The failure rates range from 1E10-6 in 106 hours of operational time (OT) for non critical components, to 1E10-4  OT for critical components. Bringing the failure rate down can be achieved by both double and parallel installation or by recommendations following from further fault tree analysis. 

The critical components for the HFO and MDO systems are; the heater in the daily tank, the heater in the settling tank and the mixing unit. 
The critical component for the cooling-water system is the central cooler. 
For the high-pressure air system there can be no critical components found. This is because all components are double and parallel installed and the redundancy is therefore already extremely high. This level of reliability can not be achieved when the system is combined, though a reliability level comparative with that of the other systems can be achieved. This makes a total combination of the air system possible.
From the list of critical components it can be concluded that the import and export of heat is a very important function.
For the critical components, part of a subsystem, further fault-tree-analysis resulted in essential components. Which are for the heaters in the MDO and HFO systems, the boilers. 
5.
Conclusions
From the results can be concluded that it’s possible to combine auxiliary systems without losing reliability if the failure rate of the critical components is reduced. From each double and parallel installed component in the not combined system one can be omitted and even a higher reliability than that of the not combined system can be achieved. 
6.
Recommendations
Combine the water-cooling systems but install the central water cooler at leased double and parallel and do further research to optimize the failure rate. An other solution may be an alternative cooling system by e.g leading pipes close to the relatively cold hull and so achieve a minimum level of cooling. This alternative cooling system only has to have the 
capacity to keep the engine running on 12 % of the MCR power.
Combine the HFO system but install mixing unit double and parallel and do further research to optimize the failure rate.
For the heater sub system further research must be done to optimize the failure rate of the boilers. Installation of a back-up ‘boiler’ is also necassery to take over the task during emergencies. This can be e.g an electrical boiler or a boiler with a lower priority task which can be switched over to do the task. 
Combine the MDO system but install mixing unit double and parallel and do further research to optimize the failure rate.

Combine the high-pressure air system but do further research on the minimum redundancy requirements, availability and maintainability. Current redundancy might be  to extreme. Failure rate of the different systems ranges from 1E10-7 to 1E10-11 in 106 hours of operational time (OT).
Investigate the effect of human failure on the combined system which is probably higher because of more complicated systems.
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