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1. Summary of Conceptual Approach
1.1 Theoretical Approach

The model calculates the free hull girder vibrations of the ship, for modes up to 5 (6-noded mode). It can be used for the prediction of the lower modes of free vibration in vertical or horizontal bending. The obtained values are compared against the frequencies of the major excitation sources aboard the ship (like main engine unbalanced forces-moments, propeller excitation, etc) or the encounter wave frequencies. This is the first step in the prediction of the vibration levels at the early design stages of the ship design.

The program assumes that the hull girder vibrates like an one-dimensional beam. This is a common assumption, made when dealing with the lower modes of the hull girder vibration [1,2]. The corresponding mathematical model takes into account the longitudinal variation of the elastic and dynamic properties of the ship. The analysis starts with the splitting of the hull girder into a sufficient number of beam (line) elements and the Bernoulli-Euler formulation is followed for the establishment of the elastic and inertial matrices of the system.
The elastic and inertial properties are assumed constant inside each element/hull segment. For each of them the user must provide the values for the total (structural and cargo) mass and the equivalent hydrodynamic mass of the surrounded water. The later can be derived from the output of 2-D hydrodynamic codes, through the application of the well known ‘strip theory’. The frequency-independent upper limits of the hydrodynamic added masses in vertical or horizontal directions are to be included in the data. 

Based on the above values, the program forms the total mass matrix of the system following a ‘consistent mass matrix formulation’ approach. During this, two additional corrections are applied on the hydrodynamic added mass. The first one corresponds to a correction of the 2-D added masses for 3-D flow effects, which is mode depended [1]. The second is an application of a local correction, depended on the vicinity of each beam to the hull girder ends [1]. Both correction factors are computed and applied internally by the program.
The values of the sectional 2nd moment of inertia representing the bending stiffness of the beam in vertical or horizontal direction are used for the construction of the stiffness matrix for each beam finite element. The total system stiffness matrix is then composed and the associated eigenvalue problem is solved by the ‘subspace iteration’ numerical method [6] in order to obtain the natural frequencies. The Sturm sequence check [6] is also applied at each stage of the subspace iterations, to check the results of the computations. 

1.2 General Steps
The model should be used as follows:

· In 'Main' worksheet, input the data for the properties of each beam element, the basic ship data and the frequencies of the major excitation sources. 
· In 'Risk_of_resonance' worksheet, press the ‘Click to update values’ button. The resonance percentages for each source are presented in the table of the results and the overall risk of resonance is characterized.
1.3 Architecture of the Program

The hull girder vibration model has been implemented in the Excel file S@S_WP2_hull_girder_vibration_v1_00.xls and coded in Visual Basic. The file contains two worksheets:
· Main: where the analysis data are input by the user
· Risc_of_resonance: where the results of the calculations are presented.
In addition to the aforementioned excel file, two other executable files are called internally by the program, through the macro ‘Calculate_hull_vibrations’ each time the button ‘Click to update values’ in the worksheet ‘Risc_of_resonance’ is pressed:

· Program predata.exe: This program is called for the preparation of the appropriate ASCII intermediate data file, which stores the   
· Program sasvb.exe: this is the main computing module for solving the eigenvalue problem for the frequencies of the hull girder vibrations. The results are stored in an intermediate file in the directory ‘C:\sascomf’ and are read automatically by the calling macro of the excel workbook.     
2. Installing the program

The excel workbook ‘S@S_WP2_hull_girder_vibration_v1_00.xls’ can be stored in any folder. However, the other two executables (predata.exe and sasvb.exe) must be stored in a directory named ‘C:\sascomf’, in order to be found by the calling macro of the workbook.
3. Entering Inputs

Based on the variations of the longitudinal distributions of the elastic and inertial properties of the hull girder (and the data available at this preliminary stage of design) the user has to divide the hull girder of the ship into a number of beam elements, which are assumed to have constant properties along their length. After this preparatory work the user enters the data of each beam (hull section) into the table for the hull sections in the worksheet ‘Main’, The total weight of each beam segment (tons), the total added mass (mass tons; 1000 kg), the sectional 2nd moment or area in bending (m4) and the length of the segment should be given for each beam, starting from the aft-most beam and continuing to the fore end. A maximum of 50 lines are available in this table for input of beam elements.  If the user enters less 25 elements the code splits internally these elements into equal segments, trying to produce a model having as much elements as possible, in order to improve the accuracy.  
After the above, the user must fill the table for the main dimensions of the vessel (Length Lpp and Breadth in meters) and the Young modulus of the hull material in kPa.  The last entries are for the frequencies of the major excitation sources aboard the vessel. Fields to specify the frequencies (revolutions/cycles per minute) for the blade rate (i.e. RPM x no of blades) of the main propulsors, the running speed of the main engine, major harmonics of them and a field to specify the frequency in CPM  of other excitation source (e.g. generator sets)  are available.  

4. Running the program
Once all input data have been entered as described in the previous section, go to the 'Risk_of_resonance' worksheet and press the ‘Click to update values’ button.

Once the calculation is completed, the calculated frequencies of the free hull girder vibrations are presented in 5th line of the worksheet ‘Risk_of_resonance’, corresponding to the node number of each mode. In the 2nd column of the table the exciting frequencies, already defined in the ‘Main’ worksheet are repeated. The rest of the table is filled with the computed values for the resonant proximity percentage, defined by :

(Frequency of excitation)- (Frequency of free vibration))/(Frequency of free vibration) x 100

If the computed values for the risk of resonance for a specific source are obtained equal to zero this means that the corresponding vibration source was not included in the analysis.

The minimum absolute of these percentages is used to estimate the risk of resonance. If it is lower than 5% the risk is categorized as High; within 5% to 10% is categorized Medium and above 10% is considered as low. 
The duration of a calculation is approximately 10 seconds on a Pentium IV computer.
By entering data corresponding to simplified cases, the user can easily verify the results of the program. In the following table the results of such a verification analysis are presented. A uniform beam having a length of 88m was considered. The total mass was assigned to 2500 mass tons, the elastic modulus was 7.09E+07 kPa, the sectional moment of inertia 10.55 m4 and the additional hydrodynamic added mass was set equal to zero (dry modes of vibration).
	Comparison of Results

	Mode
	Calculated frequencies (cpm)
	Theoretical values

	2noded
	141,6
	141,56

	3
	390,2
	389,9

	4
	765,0
	764,9

	5
	1264,6
	1264,56

	6
	1889,1
	1888,92


The calculated results are very well compared against the available theoretical data, which in this case were obtained by the formula
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where: 
fi is the frequency of the hull girder corresponding to mode i (cycles per minute), EI is the flexural rigidity of the hull girder, m’ is the mass per unit length of the hull girder, assumed constant, L is the total length and βi a mode-depended coefficient, given by
	mode
	βi

	2noded
	4,73

	3
	7,85

	4
	10,99

	5
	14,14

	6
	17,28


A slightly different example, with a total weight of the hull girder of 1250 masstons, a hydrodynamic added mass of 1250 tons and a ship beam of 14.2m (i.e. values approximating the SSC3 high speed vessel under consideration) give the first mode (2noded) frequency at 157.6 cmp=2.63 Hz, close to the value of 2.5 Hz used by Sirehna for the model tests carried out in the framework of the S@S project, as presented in the report S102.22.11.065.001a.

 The computed value for the next frequency (3noded mode), 435.9cmp = 7.27 Hz, is close to the value (~8 Hz) observed in the measurements of acceleration due to slamming, on board SSC3 (see report by Sirehna  S102.22.11.065.002a)
It should be mentioned here that the aforementioned theoretical results correspond to the Euler beam formulation (i.e. excluding the influence of shear deformation and rotational inertia of ship sections). Similar examples were verified for the case of a Timoshenko beam approach, using the program developed in the framework of the project (Fortran executable), which however was not integrated in the Excel format, due to the large number of the input data required.
5. Understanding the outputs

For avoiding high vibration levels aboard the ship, it is crucial to avoid any resonance conditions of the vibrations of the hull girder.  The output of the model can be used as an estimation of this risk. Furthermore, the excitation sources that are running close to the free vibration modes can be identified. 
The output may also be indicative of the necessity for more detailed vibration analysis, especially in the case of resonance on the higher vibration modes, which are more sensitive to the changes in the properties of the hull girder.
6. Troubleshooting

No reported problem so far. Following is a description of some possible troubles:
If all the computed values for the percentages of resonance are zero this means that the computing module (sasvb.exe) was not finished the analysis while the excel macro was updating the table. The solution is to press again the Update button. If the problem persists try to give more time to the computing module, by changing the wait value in the two ‘Application.wait’ statements in the macro ‘Calculate hull vibrations’ of the workbook.

If the problem continues (something that has not been reported yet), this means that the computing module had found errors in the input data in worksheet  ‘Main’. The error is reported in the intermediate output file of the computing module in the directory ‘C:\sascomf’. The user must check the input data in worksheet ‘Main’.
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