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Summary of Conceptual Approach

1.1 Theoretical Approach

For the determination of the construction and the operation cost of a HSC (High Speed Craft) the calculation of the propulsive power is a basic demand. Without knowing the power needed for a certain speed it is not possible to estimate neither the cost for the machinery in the manufacturing phase nor the fuel costs for the ship in service.

As it is the intention of the tool to calculate the costs with a variation of different parameters, a power prediction algorithm had to be developed which is able to follow the change of the most important main parameters reasonably.

Available data from model tests with fast vessels (high Froude numbers on deep and shallow water) has been collected and analysed. The target was to generate a formula which is describing the characteristics of a power curve in nondimensional way. This has been achieved bay introducing a basic (deep water) curve and a shallow water addition. The deep water curve is not based on physical assumptions but on the best fit to the nondimensionalized measurements for the power. The shallow water hump is modelled as a bump in the region of the froude depth number 1, dependant in its size on the water depth. The sum of the deep and the shallow water component is recalcu​lated in the full scale using the power 2.3 for the speed and the power 0.75 for the dis​placement. These values have also been found by the best fit of prediction to the meas​urements.

Within the limits of the data available it was not possible to include variations of the ratios L/B (length by breadth) or B/T (breadth by draught) – the only parameters of the main dimensions used have been the length (for the Froude number) and the dis​placement (for the general dependency of the power from the size).

The special details of the hull shape and characteristics of the propulsion system are also not regarded by the algorithm and variation of all these details have no influence on the power calculated.

1.2 General Steps

The tool can be used on a personal computer with Microsoft® Windows Operating System and Microsoft® Excel 97 or above running. All computers, where Excel can be executed should be able to run the spreadsheet. It can be assumed, that any processor of the Pentium class is sufficient for the tool.

1.3 Architecture of the Program

The tool consists of a single Excel workbook called:

· PD_HSC.xls

It contains only one spreadsheet titled “Propulsion, Weight and Cost”. For the execu​tion of the tool Visual Basic code is linked to this spreadsheet. The main formula to cal​culate the power is situated in a separate Basic module. It can be used as a user defined function within Excel.

2. Installing the program

In order to install the tool the Excel file “PD_HSC.xls “ has to be copied to the hard disk.  This is recommended, but it is also possible to load the Excel spreadsheet from any other device as floppy disk, CD-ROM, memory stick, network or else. For prob​lems with the macro please refer chapter 6 “Troubleshooting”.

3. Entering Inputs

The spreadsheet is already filled with sample data which can be modified on personal requirement. After entering a value or changing an option (see chapter 4) the calcula​tions will be executed immediately.

3.1 Power prediction

The main input parameters are

· Length of the vessel (Waterline)

· Draught 

· Displacement

· Water depth

The additional input value

· Speed steps

is only used for the graphics display of the speed-power curve which is plotted from a table on the left side below the plot.

This input data is enough for the application of the user defined function 

=CalcPD(Speed;Length;Wdepth;Draught;Disp) 

where “Speed” is the variable used for the different calculations of the speed-power curve.
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If the HSC-project is in a stage, where the power demand is known already by model tests or other sources, this information can be used to calibrate the algorithm. This cali​bration is recommended, because by it different specialties of the vessel like hull form or propulsion devices can be taken into account, which are not incorporated in the basic formula.
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In the example above the power calculation is run with 25 kn on a water depth of 12 m. The result (11441 kW) compared with the “known” value of 10000 kW lead to a correc​tion factor “PDFakt”, which calibrates the algorithm to the known vessel.

The speed-power curve below left shown the “known propulsion point” without cor​rection factor and the plot below right is displayed, if the Check-Box is marked and correction factor is calculated.
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This leads to an alternate application of the formula. If the PDFakt is calculated for a certain vessel it can be used for other calculation as a constant and for instance taken as additional parameter in the general input parameter list of the S@S-tool. In this case the power prediction algorithm can be used as user defined function

=CalcPD(V;Lwl;Wdepth;T;Disp)*PDFakt 

3.2 Weight and cost calculation

The list of input parameters for the calculation of the cost and the weight of the machinery is displayed below.

The parameters are grouped in

· General data

· Input regarding the power for the propulsion

· Input data regarding the electrical generation

For the convenience of the user, some alternatives of input are available. Depending on the data known or used in the shipyard either absolute or relative power and costs can be used in the calculation. If any of the command button of the 3 pairs

· Engine costs

· Power for electrical generation

· Costs for electrical generation

is hit the calculation switches between absolute and relative values.
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4. Running the program

After loading the Excel spreadsheet a calculation with the default values is started. The user can either insert own values in one of the boxes with bold blue numbers on light yellow background or hit the checkbox (left) or one of the 6 command buttons (right). In all cases the calculations will be started immediately after the action. The calculation time is negligible on modern computers.

5. Understanding the outputs

The travelling time is calculated directly from the route length and the service speed.

The 4 main input parameters for the power prediction: Length, draught, displacement and water depth are used to calculate the power for the service speed. This is not the maximum power which may be installed in the vessel. The power for the electrical generation may be either given as fixed value or calculated as percentage of the power for the propulsion. If the command button “absolute” is used, the percentage of the power for electrical generation from the power for propulsion is calculated, otherwise the it is exactly the same value as inputted above.

For the calculation of the cost of the machinery for propulsion and electrical generation both the absolute and the relative method is available. If the relative cost are used, the values in €/kW on the right side of the input area are multiplied with the powers for propulsion and electrical generation.

The fuel costs use the fuel weight and the fuel price, which may be different for pro​pulsion and electrical generation.

The fuel weight uses the calculated power and the fuel consumption, for both values a distinction is made again between propulsion and electrical generation.
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6. Troubleshooting

The model has been worked out as an Excel spreadsheet which is equipped with Vis​ual Basic macros. Computer systems with a very high level of security will not allow the execution of macros. To make the Excel spreadsheet workable the program Excel has to be set to a lower security level by using the menu entries “Extra / Macro / Security / medium or low” (may be expressed different in different local languages).
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