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1. Summary of Conceptual Approach
1.1 Theoretical Approach

Ship availability refers to the period during which the encountered sea state allow the ship to operate. An availability of 1 means that the ship can sail all the sea state conditions.

The HSC code, Annexes 3 and 9, define limits for normal operation and for worst intended conditions, as maximum horizontal and vertical peak accelerations expected for a given period (5 minutes).

In the developed model, the operating and sea state conditions that will be encountered by the ship are defined as a probability distribution of wave incidences with respect to the ship and by a wave scatter diagram (probability distribution of (Tz, Hs), Tz – zero up-crossing period, Hs – significant wave height). The ship speed is considered constant for all these conditions (ship speed input by operator). Wave incidence and sea state (Tz, Hs) are considered to be independent variables.

Then, for each condition wave_incidence(i), and wave characteristics Tz(j), Hs(i), the maximum horizontal and vertical acceleration expected in the selected reference period are calculated using simplified seakeeping models also developed in WP2. For each condition, the availability (i) equals 1 if maximum horizontal and vertical accelerations are lower or equal to the limit (HSC) ones, and equals 0 otherwise. The total availability is then given by:
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Accelerations can be calculated in several user defined locations (defined by their coordinates X, Y, Z in meters with respect to the ship aft perpendicular, centreline and baseline), corresponding to passenger and crew locations for instance. Different locations can be defined for horizontal accelerations calculation and for vertical ones. Then the maximum horizontal (resp. vertical) accelerations obtained over the selected locations are compared to the limit values.

The seakeeping models used are closed form expressions. They have been developed within WP2 for the calculation of heave, pitch, roll, vertical acceleration, longitudinal acceleration, transverse acceleration and vertical bending moment RAOs and variance. Since availability criteria are based on acceleration levels, only models for predicting the variance of vertical, longitudinal and transverse accelerations are used in the availability model. These accelerations result from heave, roll and pitch motions and the lever arms between the calculation locations and the ship CG.

The variance of horizontal acceleration is calculated as the sum of the variances of longitudinal and transverse accelerations.

The peak values are derived from the variance ² by: Peak = x [2Ln(N)]1/2 , where N corresponds to the number of waves encountered, and is estimated by Reference_period / Tz for each considered sea state.

The other basic assumptions are the ones used by the simplified seakeeping model, that is:

· For the heave and pitch motions the ship is modelled as a rectangular box

· For the roll motion the ship is modelled as two connected rectangular boxes

· All three motions (heave, pitch and roll) are decoupled

· Heave and pitch motions are 90° out of phase

· The location of the pitch centre corresponds to the ship CG

· The form coefficient  is fixed to 0.6

1.2 General Steps
The model should be used as follows:

· In 'Main' worksheet, input of design parameters values, of ship speed and of the class criteria to be used. The list available for the class criteria definition refers to the chart on 'Class criteria' worksheet.

· Check/modifications of locations for acceleration calculations ('Locations' worksheet), wave scatter diagram ('Scatter diagram.' worksheet), wave incidence probability distribution ('Incidence distrib.' worksheet).

· In 'Main' worksheet, press 'AVAILABILITY & ACTIVE STAB. COSTS:' button. The number of conditions (wave incidence, Tz, Hs) to be calculated and the progress (in %) of the calculation is displayed. Once the calculation is finished, 'Completed' appears for progress and the availability value is displayed in the yellow cell.

1.3 Architecture of the Program
The availability model has been implemented in the Excel file S@S_WP2_availability_vi.ii.xls and coded in Visual Basic. The file contains six worksheets:

· Main: where the design parameters and speed are input by the operator, the availability calculation is run and the results displayed.

· Locations: where the co-ordinates of the locations where horizontal and vertical accelerations have to be calculated. The locations are defined separately for horizontal and vertical accelerations.

· Scatter diag.: where the wave scatter diagram is input.

· Incidence distrib.: where the wave incidence distribution with respect to the ship is input.

· Class criteria: where criteria for defining availability are defined. The criteria correspond to a reference period of peak value occurrence, limit horizontal acceleration and limit vertical acceleration. Several values can be defined, corresponding to different Classification Societies for instance.
· Cost Data: in which equipment, labour, overheads and maintenance cost information for active stabilisation are given.

2. Installing the program

The program is contained in the Excel workbook and does not require specific external file nor specific installation procedure.
3. Entering Inputs

The colour code used is as follows:

· Light green cells: input data – to be entered by operator.

· Yellow cell: result of the model

· Grey cells: intermediate data calculated by the model.

· Green cells: information for guiding the operator.

Some 'input' cells present comments defining their contents and their default values when applicable.

Before launching calculations ('AVAILABILITY & ACTIVE STAB. COSTS:' button in main worksheet) data should be input as follows:

· In 'Main' worksheet, input of design parameters values, of ship speed and of the class criteria to be used. The list available for the class criteria definition refers to the chart on 'Class criteria' worksheet.

· Check/modifications of locations for acceleration calculations ('Locations' worksheet), wave scatter diagram ('Scatter diagram.' worksheet), wave incidence probability distribution ('Incidence distrib.' worksheet).
Worksheet 'Main'

This worksheet is the main interface with the user. It contains fields corresponding to input parameters, a button 'AVAILABILITY & ACTIVE STAB. COSTS :' which starts the availability and cost calculation and fields presenting the results, close to the button.

The input parameters are set to default values corresponding to the SuperSeaCat 3. The default values are indicated in comment cells which are displayed when the mouse pointer is located on the input cells.

If the roll natural period is unknown, set it to zero. The program will then estimate it from the waterline breadth and the transverse metacentric height by the IMO recommended formula:
TN=2 x (0.373 + 0.023 x B / T - 0.043 x Lpp / 100) x B / (GMT)1/2.
Where Lpp is the length between perpendicular, B is the waterline breadth, T is the draught and GMT is the transverse metacentric height.
Roll and pitch damping coefficients with and without active stabilisation are given in block N16:P17.

Worksheet 'Locations'

In this worksheet, the operator defines the co-ordinates where the accelerations have to be calculated (for instance passengers or crew areas). The locations can be different for horizontal and vertical acceleration measurements, since the availability criteria can give limits for horizontal and vertical accelerations at different locations (e.g. horizontal acceleration in passengers and crew areas, vertical acceleration at CG).

Up to 10 locations can be defined for both horizontal and vertical accelerations. The co-ordinates have to be input in meters with respect to ship aft perpendicular, centreline and baseline. The reference frame is: X- longitudinal ship axis positive from stern to front, Y – transverse axis, positive from starboard to port, Z – vertical axis, positive up. The lines corresponding to unused locations can be left blank, provided that the used locations are filled starting from the first line of the charts (no blank line between used locations).

Since the number of computations (and so the time) increases with the number of locations, it is recommended to consider mainly the extremities of the considered zones (most fore/back locations and most starboard/port locations). The default values are set to

· The ship centre of gravity for vertical acceleration.
· Points on the upper deck: one in the centre line on the front perpendicular and two symmetrical on port and starboard sides longitudinally at the level of CG, and transversely at +/- 0.5 x Breadth moulded.

Note: In this case, since the positions are symmetrical with respect to the ship centre line, wave incidences between 0° and 180° only are considered, with probabilities for intermediate incidences doubled so that they correspond to waves between 0° and 360° with a uniform probability distribution. This allows to reduce the number of calculated conditions (1125 instead of 1800).

Worksheet 'Scatter diag.'

In this worksheet, the operator defines the scatter diagram of the waves that the ship will encounter. The scatter diagram gives the probability of occurrence of each couple Tz – zero up-crossing period, Hs – significant wave height.

The operator should input the Tz (in seconds) and Hs (in meters) values, as well as the corresponding probabilities. The maximum number of Hs and Tz is 15, but it is possible to use fewer values, provided that the probabilities are always filled from the upper left corner of the chart. The sum of probabilities should be equal to 1. The actual sum is displayed in the lower right corner of the diagram. If the sum is different from one, the program will automatically divide all the probability values by the sum. This can also be done by pressing the 'Read diagram' button from the worksheet.

All the waves are assumed to correspond to the same wave spectrum type. The operator can select the gamma parameter of the wave spectrum; 1 corresponds to the Pierson-Moscowitz spectrum and 3.3 corresponds to the Jonswap spectrum.

As default, a Mediterranean wave scatter diagram modified to have more resolution for smaller periods is used.

Worksheet 'Incidence distrib.'

In this worksheet, the operator defines the wave incidences that the ship will encounter. The wave incidences are defined with respect to the ship longitudinal axis and 180° is head sea. 

The wave incidences are considered independent from the sea state, that is all combinations of defined wave incidences and (Tz, Hs) will be calculated.

Up to 8 incidences can be used. The operator has to input the wave incidence (in deg.) and the corresponding probability of occurrence. Less than 8 incidences can be used, provided that the chart is filled from the first left column of the chart.

The sum of probabilities should be equal to 1. The actual sum is displayed in the lower right corner of the diagram. If the sum is different from one, the program will automatically divide all the probability values by the sum. This can also be done by pressing the 'Read' button from the worksheet.

Worksheet 'Class criteria'

In this worksheet, the operator defines the values of the criteria for ship availability. The criteria are defined by the reference period (in seconds) for the estimation of the peak values, the limit horizontal acceleration (in g) and the limit vertical acceleration (in g). In case that the comparison with the limit values is to be made on RMS acceleration values instead of peak values, the reference period should be set to 0.

Up to 5 different values can be entered. The operator selects the values to be used from the 'Main' worksheet. Additional values can be entered by inserting lines in the chart.

Worksheet 'Cost_Data'

In this worksheet, the operator defines the cost information related to:

· Equipment cost (in Euros)

· Labour cost for installation of equipment (in Euros)

· Overheads associated to labour costs (in percentage of labour costs)

· Maintenance costs (in Euros/year)

The data related to equipment and installation costs have been determined from information provided by Fincantieri. The labour costs were expressed in hours (2600 hours). They have been converted in Euros with a rate of 45 Euros/h. This rate can be changed by the operator in the worksheet. The overhead rate value is the one used by WP3 in its risk-cost model.

The maintenance data have been derived from information transmitted by SEA.
4. Running the program
Once all input data have been entered and/or checked as described in the previous section, go to the 'Main' worksheet and press 'AVAILABILITY & ACTIVE STAB. COSTS:' button.

Intermediate results are also displayed in grey cells:

· Block coefficient CB: it is calculated from the displacement, the length between perpendicular, the waterline breadth and the draft.

· Number of calculated conditions: this corresponds to the number of wave Hs, Tz and incidence conditions for which the horizontal and vertical accelerations will be calculated at each user selected location. This number corresponds to number_Hs x number_Tz x number_wave_incidences.

· Progress: this value represents the progress of the calculation in percent. It is updated continuously during the calculation and displays 'Completed' when finished

Once the calculation is completed, the ship availability and active stabilisation system building cost and maintenance cost are displayed in yellow cells.
The duration of a calculation, with a 15x15 scatter diagram, 5 wave incidences (hence 1125 calculated conditions), two locations for horizontal acceleration calculation and one location for vertical one, is approximately 4 minutes on a Pentium II computer.
5. Understanding the outputs

For ship availability, the most sensitive design parameters are the length, the displacement and the transverse metacentric height (or the roll natural period). The results will obviously also depend on the operational parameters (speed, wave scatter diagram, wave incidence distribution), on the locations where accelerations are calculated, and on the criteria for availability.
Active stabilisation costs are presented as building costs (in Euros) and maintenance costs (in Euros/year). Building costs correspond to equipment costs and labour costs for installation of the equipment. Overheads, calculated as a percentage of the labour costs, are also added. These figures are taken from the Cost_Data sheet. The maintenance cost directly corresponds to the figure given in the Cost_Data sheet.

6. Troubleshooting

No reported problem so far.
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