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Summary of Conceptual Approach

1.1 Theoretical Approach

Passenger and crew long term comfort levels with regard to motion sickness and safety of footing are determined and compared with criteria. Relevant parameters are MSI (Motion Sickness Incidence = percentage of passengers feeling sick) and MII (Motion Induced Interruptions per minute = loose of balance per minute). They are utilised in calculating an overall comfort level during one year of operation in a given sea area. As a result the ship's comfort levels are rated as High, Medium or Low. In addition a safety level with regard to maximum horizontal acceleration is determined in the same way. 
In the developed models, 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 combination of wave_incidence(i), and wave characteristics Tz(j), Hs(k) conditions, the MSI and MII values are calculated using motion sickness [1], safety of footing [1] and simplified seakeeping models [2,3] also developed in WP2. The most probable maximum horizontal acceleration value ahPeak is derived from the variance ah² as:
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where N corresponds to the number of waves encountered and is estimated by Reference_period / Tz for each considered sea state. The reference period is 300 s according to guidelines of IMO HSC Code. The variance of horizontal acceleration ah² is calculated as the sum of the variances of longitudinal and transverse accelerations. 

These calculations are performed separately for passenger and crew area locations. Therefore the user may supply different criteria for passenger and crew areas if necessary but the default values are the same.

For each condition the MSI rating MSI(i,j,k) equals 3 if calculated MSI value is less than the upper limit for high comfort level (representing high comfort level), 2 if MSI is between upper limits for high and medium comfort levels (medium comfort level), and equals 1 otherwise (low comfort level). The overall MSI comfort rating is calculated by summing all ratings which have been weighted by the probability of occurrence of each condition. The overall MSI comfort rating MSI,Tot is then given by:
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Identical calculations are performed for each MII rating MII(i,j,k) and maximum horizontal acceleration rating ah(i,j,k) using the corresponding criteria for passengers and crew. The overall ratings for MII MII,Tot and maximum horizontal acceleration ah,Tot are then:
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MSI and MII comfort ratings and maximum horizontal acceleration safety ratings can be calculated in several user defined locations (defined by their co-ordinates X, Y, Z in meters with respect to the ship aft perpendicular, centreline and baseline), corresponding to passenger and crew locations. Then the maximum values of MSI, MII  and maximum horizontal acceleration ratings obtained over all selected locations of passenger (resp. crew) areas are compared to the limit values.

After the overall comfort ratings with respect to motion sickness and safety of footing and safety rating for maximum horizontal accelerations have been calculated the corresponding comfort levels (or safety levels in the case of horizontal acceleration) can be set:

- Overall comfort (safety) rating is higher or equal to 2.5: comfort level is set to "High".
- Overall comfort (safety) rating between 1.5 and 2.5: comfort level is set to "Medium"
- Overall comfort (safety) rating below 1.5: comfort level is set to "Low".  

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 MSI, MII and maximum horizontal acceleration models are based on roll motion and acceleration levels, only formulas for predicting the variance of roll motion, vertical, longitudinal and transverse accelerations are used. These accelerations result from heave, roll and pitch motions and the lever arms between the calculation locations and the ship CG.

Basic assumptions used by the simplified seakeeping model are:

· 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 de-coupled

· 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 the design parameter values and ship speed and select whether active stabilisation is used or not. 

· Check/modify the locations for MSI and MII calculations ('Locations' worksheet), wave scatter diagram ('Scatter diagram.' worksheet), wave incidence probability distribution ('Incidence distrib.' worksheet) and criteria ('MSI&MII criteria' worksheet).

· In 'Main' worksheet, press 'Calculate MSI&MII :' button. Old comfort and safety levels shown in yellow cells are erased at the same time. Once the calculation is finished, new comfort and safety levels are displayed in the yellow cells.

1.3 Architecture of the Program

The long term motion sickness, safety of footing and maximum horizontal acceleration model has been implemented in the Excel file S@S_WP2_MSI&MII_vi.ii(yyyymmdd).xls and two dll-files.

The Excel file consists of five worksheets containing all the user input and output needed in the calculations of MSI, MII and maximum horizontal acceleration. The actual calculation of these models is done in a dll-file compiled with Compaq Visual Fortran programming language. Visual Basic code has been used for reading the input data, passing all the necessary input and output parameters to and from the external dll-subroutine and displaying the output results.

The Excel file contains five worksheets:

· Main: where the design parameters and speed are input by the operator, the MSI, MII and maximum horizontal acceleration calculation is activated and the results displayed.

· Locations: where the co-ordinates of the locations of passenger and crew areas are given. The locations are defined separately for passenger and crew areas.

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

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

· MSI&MII criteria: where criteria for MSI and MII comfort levels as well as maximum horizontal acceleration safety levels are given. The criteria for passengers and crew areas can be different though the default values are the same.

The actual calculation is done in dll-type library routine file MSI_MII_Program_vi_ii.dll. A Fortran run-time file Dforrt.dll contains no calculation code but it is necessarily needed during the execution. 

2. Installing the program

The motion sickness, safety of footing and maximum horizontal acceleration model  comes on a CD-ROM containing five files:

Install.bat

S@S_WP2_MSI&MII_vi.ii(yyyymmdd).xls

S@S_WP2_MSI&MII_Short_Term_vi.ii(yyyymmdd).xls

MSI_MII_Program_vi_ii.dll

Dforrt.dll

i.ii and i_ii are the current version numbers and yyyyddmm is the delivery date of each program. Excel file S@S_WP2_MSI&MII_vi.ii(yyyymmdd).xls contains the long term calculation model. (File S@S_WP2_MSI&MII_Short_Term_vi.ii(yyyymmdd).xls is for short term calculations only.)

Installation steps:

1.
Run the batch-file Install.bat which copies both the dll-files into the subdirectory 'System32' under your Windows directory

2.
Copy both the Excel files into your working directory

3.
Launch the Excel file S@S_WP2_MSI&MII_vi.ii(yyyymmdd).xls

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 ('Calculate MSI&MII:' button in main worksheet) data should be input as follows:

· In 'Main' worksheet input the design parameters values and ship speed and select whether active stabilisation is used or not. 

· Check/modify the locations for MSI and MII calculations ('Locations' worksheet), wave scatter diagram ('Scatter diagram.' worksheet), wave incidence probability distribution ('Incidence distrib.' worksheet) and criteria ('MSI&MII criteria' worksheet).

Worksheet 'Main'

This worksheet is the main interface with the user. It contains fields corresponding to input parameters, a button 'Calculate MSI&MII :' which starts the calculation and fields presenting the results below 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.

As an intermediate result block coefficient CB is also displayed in grey cells. It is calculated from the displacement, length between perpendicular, waterline breadth and draft.

Roll and pitch damping coefficients with and without active stabilisation are given in block N16:P17. The values corresponding to current selection of stabilisation option are shown also in grey cells E14 and E15.

Worksheet 'Locations'

In this worksheet, the operator defines the co-ordinates where the MSI and MII values and the maximum horizontal accelerations have to be calculated. All these three values are calculated in the same points. The locations are normally different for passengers and crew. Also in cases where these locations are for some reason the same, they should be given separately because the criteria for passengers and crew may be different. 

Up to 10 locations can be defined for both passenger and crew locations. 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 corresponding to SuperSeaCat3 passenger and crew areas are set to:

· For passenger areas three points on the main passenger deck: first point 57 m from AP on port side 8.55 m from centre line (0.5 x Breadth moulded), second point longitudinally at the level of CG on port side 8.55 m from centre line and the third one at AP on port side 3 m from centre line. 

· For crew areas two points on bridge: master's seat 1 m from centre line on port side and chief engineers seat 3 m from centre line on starboard side.

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, the 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.

Default values are 0.125 for all 8 angles of incidence meaning that all directions are equally probable.

Worksheet 'MSI&MII criteria'

In this worksheet, the operator defines the values of the MSI, MII and maximum horizontal acceleration criteria. The default values of MSI and MII criteria are based on the values presented in [1] and the maximum horizontal acceleration criterion is taken from the guidelines of IMO HSC Code.  

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 'Calculate MSI&MII :' button.

Intermediate results are displayed in grey cells:

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

· Roll and pitch damping coefficients. The values of these parameters depend on the selection of stabilisation option. 

· Overall comfort ratings of MSI and MII and safety ratings of maximum horizontal accelerations. The values of previous calculations are erased immediately after the button is pressed. The new values appear after the calculation is finished.

Once the calculation is completed, the MSI and MII comfort levels and the horizontal acceleration safety levels are displayed in yellow cells.

The duration of calculation, with the default 15x15 scatter diagram with 152 non-zero entries, 8 wave incidences, three locations for passenger and two locations for crew comfort calculation, is less than 10 seconds on a Pentium 4 computer.

5. Understanding the outputs

The MSI values are calculated using the vertical acceleration given by the simplified seakeeping model which tends to overestimate the vertical acceleration. The calculated MSI values are therefore conservative. As the sway and yaw motions are not included in the seakeeping model, transverse accelerations and thus also MII values and maximum horizontal accelerations may be somewhat underestimated.

For the motion sickness, safety of footing and maximum horizontal acceleration calculations the most sensitive design parameters are the length, displacement and transverse metacentric height (or roll natural period). The results will obviously also depend on the operational parameters (speed, wave scatter diagram, wave incidence distribution), selected locations of passenger and crew areas and the MSI&MII criteria.
6. Troubleshooting

Problem:

When pressing the 'Calculate  MS&MII :' button the following Microsoft Visual Basic error message appears:


Run-time error '53':


File not found: MSI_MII_Program_vi_ii.dll

Cause:

Installation has not been done and Visual Basic program does not find the files MSI_MII_Program_vi_ii.dll nor Dforrt.dll from Windows subdirectory System32. Run the Install.bat file on the program CD-ROM. It will copy the dll-files into appropriate subdirectory.
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